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In October of 2018, during the congress of the American College of Surgeons, 
the Department of Surgery of the University of Carolina in Chapel Hill orga-
nized a postgraduate course on the treatment of gastroesophageal reflux dis-
ease, paraesophageal hernia, achalasia, and morbid obesity. The course was 
based on lectures given in the morning and hands-on using simulators in the 
afternoon.

All lectures were given by experts and focused on the preoperative work-
 up, indications, and technical aspects of each operation. We received a very 
positive feedback from all the participants, and some asked if we could pub-
lish the contents of each lecture. This book is based on those lectures, and we 
included several additional chapters we feel could be useful for surgeons who 
take care of patients with reflux, achalasia, and morbid obesity.

Chapel Hill, NC, USA Marco G. Patti
Chapel Hill, NC, USA Marco Di Corpo 
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Achalasia: History

Rafael M. Laurino Neto 
and Fernando A. M. Herbella

 Introduction

Esophageal achalasia is a primary esophageal 
motility disorder characterized by the absence of 
esophageal peristalsis and failure of the lower 
esophageal sphincter (LES) to relax in response 
to swallowing. These abnormalities lead to 
impaired emptying of food from the esophagus 
into the stomach with resulting food stasis. Most 
patients experience severe dysphagia and regur-
gitation that can lead to aspiration and respiratory 
problems [1].

The pathophysiology of achalasia involves 
the selective degeneration of inhibitory neurons 
of the esophageal plexuses, which are needed 
for peristalsis of the smooth muscle of the 
esophageal body, as well as relaxation of the 
tonic LES. The most common form of achalasia 
is idiopathic, situation in which the etiology of 
the degenerative process remains unknown. A 
similar clinical picture can be present in patients 

with local or distant cancer (pseudoachalasia) 
or in patients with Chagas’ disease, both char-
acterized by the destruction of the plexuses 
either by infiltrating tumors or circulating auto-
antibodies or still by Trypanosoma cruzi infec-
tion [2].

 First Treatments

The first reference to achalasia was in 1679 by 
the English doctor Thomas Willis (Fig. 1.1) who 
not only described the disability but also reported 
a successful treatment. He dilated the esophagus 
by using a sponge at the end of a whale bone, 
improving patient’s symptoms [3, 4].

There are virtually no reports of achalasia 
and its treatment in the eighteenth century but 
at the end of the nineteenth and at the beginning 
of the twentieth century, coinciding with impor-
tant improvements in surgical conditions with 
the advent of aseptic surgery, anesthetics with 
procedures under mechanical ventilation, as 
well as better understanding of the pathophysi-
ology [3].

In 1887, over 2 centuries after the remarkable 
description by Willis, J.  C. Russell also in 
England, placed an inflatable rubber balloon cov-
ered with silk at the end of a bougie and blew up 
the balloon to dilate the stricture [5]. 
H. Plummer, in 1908, opened the cardia using 
olive-tipped bougies over a swallowed string. 
Later he used a hydrostatic dilator to effectively 
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Department of Surgery, Escola Paulista de Medicina, 
Federal University of São Paulo,  
São Paulo, SP, Brazil 
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relieve symptoms by rupturing the constricting 
circular muscle fibers. The satisfactory results 
obtained with dilatation by pneumatic or hydro-
static balloon gave rise to the idea of proceeding 
to surgical dilation, which could be done under 
direct vision and not blind [6].

In 1904, Mikulicz, by an abdominal incision, 
inserted a rubber sheath forceps through a gas-
trostomy opening and dilated the cardia from 
below (Fig. 1.2). Barrow, in 1915, used the tech-
nique of digital dilation, invaginating the anterior 
wall of the stomach avoiding the opening of the 
organ. This technique was later adopted by 
Kümmel in 1921. Anschütz (1921) dilated the 
cardia with a balloon but opened the abdomen to 
correctly place it.

Also procedures to reduce the size of the 
dilated esophagus such as those of Ressinger 
(1907) and Meyer (1911) or shortening of the 
organ by invagination as proposed by Tuffier 
(1921) and Freeman (1923) gave poor results [6].

 Operations on the Cardia

 Cardioplasties/Cardiectomies

With the observation that the point of obstruction 
to the progression of food was located in the car-
dia and with the improvement of the conditions 
in which the operations were performed, several 
procedures began to appear for the treatment of 
achalasia. Cardioplasty began with the operation 
of Wendel (1909), inspired by the Heineke- 
Mikulicz pyloroplasty. It consisted of a longitudi-
nal incision of all layers of the wall at the 
esophagogastric junction and closure of the 
opening in a transverse direction (Fig. 1.3).

Another type of cardioplasty used by many 
surgeons was that described by Heyrowsky 

Fig. 1.2 Mikulicz’s technique

Fig. 1.1 Thomas Willis (1621–1675)

R. M. Laurino Neto and F. A. M. Herbella
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(1913), which consisted of an anastomosis of the 
lateral wall of the distal esophagus with the gas-
tric fundus. This, however, was associated with 
retention of food between the lateral esophago-
gastric anastomosis and the cardiac orifice. The 
most widespread variant to correct such problem 
was described by Backer-Gröndhal (1916), in 
which the longitudinal incision was replaced by a 
curved incision passing through the esophago-
gastric junction (Fig. 1.4) [6].

The immediate result of the cardioplasty was 
satisfactory from the clinical point of view, with 
improvement or even disappearance of the regur-
gitation and dysphagia. However, long-term fol-
low- up of the patients operated showed reflux 
esophagitis, which was particularly severe 

because of the lack of peristalsis to clear acid 
refluxed from the stomach, with a long contact 
time with the esophageal mucosa [6].

Authors such as Thal (1965), Frejat (1974), 
and Guarner and Gaviño (1983) proposed the 
association of various cardioplasty with a fundo-
plication or developed procedures that created 
valvular mechanisms in the gastro esophageal 
area. Serra Dória et  al. (1968), aiming to solve 
the problem of reflux esophagitis in megaesopha-
gus operated patients, associated Gröndhal’s car-
dioplasty with the subtotal gastrectomy with 
Roux-en-Y transit reconstitution [7] adapting the 
Holt and Large operation for stenosis.

Authors such as Bier (1920), Radlinski (1936), 
and Wangensteen (1951) proposed resection of 

Fig. 1.3 Wendel’s 
technique: It consisted 
of a longitudinal incision 
of all layers of the wall 
at the esophagogastric 
junction and closure of 
the opening in a 
transverse direction

Fig. 1.4 The Backer- 
Gröndhal technique: the 
longitudinal incision 
was replaced by a 
curved incision passing 
through the 
esophagogastric junction

1 Achalasia: History
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the cardia and esophagogastrostomy as a 
 therapeutic modality for this disease, with 
encouraging initial results but with the disadvan-
tages of a high-risk resection and anastomosis for 
that time (Fig. 1.5). Others, like Merendino and 
Dillard (1955), adopted the resection of the 
esophagogastric junction with intestinal interpo-
sition (Fig.1.6) [8, 9].

 Myotomy

In 1913, Ernst Heller (Fig. 1.7) introduced an 
operation consisting of a posterior and anterior 
myotomy, extending from 2 cm above the con-
strictions down over the cardia (Fig. 1.8). Despite 
the simplicity of execution and its efficacy, the 
cardiomyotomy was not immediately accepted as 
a solution for the surgical treatment of achalasia, 
and surgeons, mainly in Germany where Heller 
worked, continued to prefer cardioplasty [10]. 
Several modifications of Heller’s original tech-
nique were proposed. The first of these is credited 
to Girard (1915) and consisted of closing the 
incision transversely as in Heineke-Mikulicz 
pyloroplasty. Groenveldt, in the Netherlands, 
proposed performing only one incision in the 

Fig. 1.5 Resection of 
the cardia and 
esophagogastrostomy

Fig. 1.6 Merendino technique: resection of the esopha-
gogastric junction with intestinal interposition

R. M. Laurino Neto and F. A. M. Herbella
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anterior wall of the esophagus, obtaining results 
equivalent to those of the double incision of 
Heller (Fig. 1.9).

Although the incidence of postoperative reflux 
esophagitis is lower with cardiomyotomy than 

with classic cardioplasties, the number of patients 
presenting with this complication was still sig-
nificant, which led surgeons to complement the 
myotomy with some antireflux procedure.

Lortat-Jacob (1953) was the first to emphasize 
the accentuation of the angle of His for the pre-
vention of reflux in patients who underwent a 
cardiomyotomy, recommending the fixation of 
the gastric fundus to the left border of the esopha-
gus. Dor et al. (1962) from Marseille described a 
partial fundoplication technique covering the 
area of the myotomy. Toupet (1963) described an 
analogous operation, which differs from Dor’s 
operation by performing a fixation of the gastric 
fundus on the posterolateral side of the esopha-
gus and not on the anterior face associated with 
its fixation to the diaphragm.

Jekler and Lhotka (1967) modified Dor’s tech-
nique, adding to it the fixation of the gastric fun-
dus to the esophagus, 1–2 cm above the superior 
commissure, in order to further accentuate the 
angle of His (Fig. 1.10). Pinotti et  al. (1974) 
developed a posterolateral anterior procedure 
enveloping the esophagus in about two-thirds of 
its circumference [11].

In 1991, Cuschieri’s group from the University 
of Dundee, United Kingdom, reported the first 
laparoscopic Heller myotomy (LHM) [12], which 

Fig. 1.7 Ernst Heller (1877–1964)

Fig. 1.8 Heller’s technique: posterior and anterior myot-
omy, extending from 2 cm above the constrictions down 
over the cardia

Fig. 1.9 De Bruine Groenveldt’s technique: performing 
only one incision in the anterior wall of the esophagus

1 Achalasia: History
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brought improvements due to the advantages of 
this surgical access route such as shorter hospital-
ization time, early mobilization, and absence of 
extensive abdominal scarring.

In 1992, Pellegrini et al. from the University 
of California, San Francisco, described the 
results of 17 patients who underwent a left tho-
racoscopic myotomy with excellent relief of 
dysphagia [13]. However, the thoracoscopic 
approach had significant drawbacks such the 
need for a double lumen endotracheal intubation 
to exclude the left lung, the need for a chest 
tube, and the inability to add a fundoplication to 
prevent reflux. The same group later compared 
the results for thoracoscopic myotomy versus 
laparoscopic myotomy with a Dor fundoplica-
tion. Similar results were found in regards to 
resolution of dysphagia, but with remarkable 
superiority of laparoscopy considering regard-
ing the incidence of postoperative reflux (from 
60% to 17%) [14].

LHM for esophageal achalasia continues to 
present excellent results today, as demonstrated 
by Zaninotto et  al. [15] that studied more than 
400 patients who underwent LHM and Dor fun-
doplication and reported a 90% success rate at a 
median follow-up of 30  months. A recent 
European multicenter randomized trial [16] 
showed a success rate of 84% after 5  years of 
LHM, and another randomized trial [17] found 
that at a follow-up of 5  years, only 8% of the 
patients after LHM had recurrence of symptoms.

More recently, achalasia surgery has been per-
formed in the robotic-assisted way [18]. 
Advantages of robotic-assisted surgery include 
improved visibility of the operative field with 
three-dimensional imaging, increased degrees of 
freedom of surgical movements, and improved 
ergonomics. Retrospective studies [19–21] have 
shown that with this technique there are lower 
rates of esophageal mucosa perforations, with 
success rates similar to conventional LHM. On 

a b

c d

Fig. 1.10 Jekler and 
Lhotka’s technique: 
fixation of the gastric 
fundus to the esophagus, 
one to two cm above the 
superior commissure, in 
order to further 
accentuate the angle of 
His. (a) Myotomy. (b) 
Esophagostomy. (c) 
Fixation of the gastric 
fundus to the esophagus. 
(d) Tranversal closure of 
the anastomosis

R. M. Laurino Neto and F. A. M. Herbella
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the other hand, a multicenter retrospective analy-
sis of a large administrative database including 
2116 laparoscopic myotomies and 149 robotic 
myotomies showed comparable results between 
both groups, but increased costs in the robotic 
cohort [22].

Already described by Ortega in 1980 [23], 
per-oral endoscopic myotomy (POEM) was 
rediscovered and fairly widespread by Inoue 
et al. in 2010 [24]. It is a procedure similar to that 
of Heller but performed according to precepts of 
the natural orifice transluminal endoscopic sur-
gery (NOTES), with good immediate results 
(Fig.1.11).

With the current literature data, we observed 
again that although both LHM and POEM pres-
ent good results in the resolution of dysphagia, 
reflux-disease incidence appears to be also sig-
nificantly more frequent after POEM than after 
LHM with fundoplication [25].

 Esophagectomy

In the same year of 1913 that Heller performed his 
first myotomy, two surgeons described different ways 
to perform an esophagectomy: Torek, a German sur-
geon, performed in New York a transthoracic esopha-

Fig. 1.11 POEM technique. (Reprinted with permission ©Georg Thieme Verlag KG [24])

1 Achalasia: History
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gectomy, and Von Arch, a German surgeon in Munich, 
a transmediastinal esophagectomy [26]. Pinotti 
(1977) [27] added the transection of the diaphragm 
for a better exposure of the mediastinum, a technique 
useful to treat the advanced megaesophagus.

Orringer (1982) [28, 29] proposed esopha-
gectomy as definitive treatment for esophageal 
neuromotor dysfunction, with good results 
obtained in 22 patients operated mostly by 
transmediastinal route with a follow-up of 
25 months [29].

Even today, an esophagectomy is still a com-
plex procedure linked to high morbidity and mor-
tality, as recently shown by a meta-analysis 
(27.1% morbidity rate and 2.1% mortality rate) 
[30]. Thus, an esophagectomy should be a last 
resort and should be reserved to patients who 
have been symptomatic for a long time and who 
have failed other treatment modalities such as 
PD, LHM, and POEM.

 Pharmacological Treatment

Pharmacologic agents include smooth muscle 
relaxants, such as long-lasting nitrates and cal-
cium channel blockers, and 5′-phosphodiesterase 
inhibitors. Since achalasia is a disease character-
ized by impaired release of nitric oxide (NO) 
from inhibitory neurons, the rationale for the use 
of these agents consists in the enhancement of the 
residual neural inhibitory function in the esopha-
geal wall [31].

The first drug used to treat dysphagia by 
decreasing LES pressure in the 1940s was nitro-
glycerin. In the early 1980s, nifedipine, a calcium 
channel blocker, was used as well in the treat-
ment of achalasia [32]. These drugs act by block-
ing the action of calcium that is necessary for the 
contraction of the esophageal smooth muscle 
cells. However, both types of drugs do not 
improve LES relaxation or esophageal motility.

More recently, the use of sildenafil, a 5′-phos-
phodiesterase inhibitor, has been proposed [33]. 
This agent has an inhibitory action on the 
5′-phosphodiesterase that inactivates the 
NO-stimulated cGMP, thus increasing the intra-
cellular levels of cGMP and therefore promoting 
the relaxation of the smooth muscular cells.

All these medications, however, are associated 
with poor clinical results and several side effects, 
and their use is currently reserved for patients with 
advanced age or significant comorbidities [34, 35].

 Endoscopic Management

 Pneumatic Dilatation

Although it has been used since the description of 
the disease, forced dilatation of the esophagus to 
treat achalasia showed great progress in the 
1980s when it began to be guided by endoscopy.

Pneumatic dilatation (PD) using controlled 
pneumatic pressure devices (30, 35, and 40 mm 
in diameter) is the most effective non-surgical 
treatment for achalasia. The clinical response in 
terms of dysphagia relief to a single PD session is 
85% at 1  month, 66% at 12  months, 50% at 
5 years, and 25% at 10 years [36].

Literature data showed dysphagia relief with 
PD comparable to LHM. There is, however, a 
need for multiple PD sessions in a considerable 
number of cases. Boeckxstaens et  al. [37] pub-
lished the results of a European multicenter trial 
comparing the results of PD to the outcome of 
LHM and Dor fundoplication. After 2 years, ther-
apeutic success was similar between the two 
groups, obtained in 86% of PD patients and 90% 
of LHM patients. In 2016, Moonen and col-
leagues [16] reported the results of the 5-year 
follow-up. In the full analysis, there was no sig-
nificant difference in the success rate between PD 
(82%) and LHM (84%). Redilatation was per-
formed in 25% of PD patients. Esophageal perfo-
ration is the most serious complication after PD, 
with an overall rate reported in the literature 
around 2%.Esophageal reflux occurs in a higher 
rate as compared to LHM [38].

 Endoscopic Botulinum Toxin Injection

Described in 1993, endoscopic botulinum toxin 
injection (EBTI) has since been used to treat 
achalasia [39]. The toxin acts by decreasing LES 
pressure through the inhibition of the release of 
acetylcholine in the cholinergic synapses.

R. M. Laurino Neto and F. A. M. Herbella
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The effect of EBTI progressively diminishes 
over time, with more than 60% of patients expe-
riencing recurrent symptoms after 1 year [40]. 
EBTI needs to be repeated in most patients to 
achieve some benefits that, however, are of short 
duration due to the regeneration of the axons and 
the development of antibodies. In a meta-analysis 
published in 2009, Campos et al. confirmed the 
decreasing efficacy overtime of the EBTI [38]. 
Among patients who were treated with EBTI, 
symptoms relief was present in 70% after 
3  months, 53% after 6  months, and 41% after 
12 months, and almost 50% of patients required a 
second EBTI.

Thus, currently EBTI should be only consid-
ered in patients with advanced age or significant 
comorbidities who are not candidates for LHM 
or POEM.

 Current Situation

After all this historical evolution, it is currently 
accepted that all achalasia patients in good clini-
cal condition should undergo PD, LHM or 
POEM (Table 1.1). Pharmacological therapy 
(smooth muscle relaxants, such as long-lasting 
nitrates and calcium channel blockers, and 
5′-phosphodiesterase inhibitors) and/or endo-
scopic Botox injection (EBTI) should be consid-
ered only in patients with advanced age or 
significant comorbidities who are not candidates 
for LHM or POEM. Patients who have failed ini-
tial treatment should be referred for pneumatic 

dilatation. If symptoms persist, it is reasonable 
to consider POEM for those who underwent 
LHM initially and LHM for those who under-
went POEM first. Esophagectomy should be 
reserved for patients who have failed all these 
previous interventions [41].
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Achalasia: Clinical Presentation 
and Evaluation

Marco Di Corpo, Francisco Schlottmann, 
and Marco G. Patti

 Introduction

Esophageal achalasia is a chronic and progressive 
disease characterized by lack of esophageal peri-
stalsis and by partial or absent relaxation of the 
lower esophageal sphincter (LES) in response to 
swallowing [1]. With a peak incidence occurring 
between 30 and 60 years of age and an equal distri-
bution across genders, it is a rare disease with an 
incidence of 1 per 100,000 people per year in the 
United States and a prevalence of 10.82 cases per 
100,000 individuals [2]. Despite its low prevalence, 
achalasia represents the most common primary 
esophageal disorder after gastroesophageal reflux 
disease (GERD). Achalasia usually presents with 
symptoms of dysphagia, regurgitation of undigested 
food, respiratory symptoms (e.g., nocturnal cough 

or recurrent aspiration), chest pain, and weight loss. 
Similar clinical presentation, however, can occur in 
patients with pseudoachalasia (5% of patients with 
suspected achalasia) due to malignant obstruction 
or secondary to operations at the esophagogastric 
junction [3, 4]. Achalasia can also be secondary to a 
tropical disease called Chagas’ disease, character-
ized by degeneration of the myenteric plexus due to 
Trypanosoma cruzi infection [5].

A proper work-up is necessary to establish the 
correct diagnosis of achalasia, and it should include 
symptomatic evaluation, esophagogastroduodenos-
copy (EGD), barium esophagogram, esophageal 
manometry, and sometimes ambulatory 24-h pH 
monitoring. Despite the improvements in quality of 
life and prognosis achieved through the develop-
ment of effective therapeutic protocols, treatment is 
not curative but palliative, as it aims to eliminate the 
outflow resistance at the level of the gastroesopha-
geal junction caused by the non-relaxing LES.

This chapter reviews the clinical presentation 
and the diagnostic evaluation of achalasia.

 Clinical Presentation of Achalasia

The diagnosis of achalasia can be challenging, as 
it is a rare disease and because symptoms are 
nonspecific. Dysphagia, heartburn, chest pain, 
regurgitation, and aspiration can be caused by 
diseases other than achalasia. As a consequence, 
there is often a long delay between the onset of 
symptoms and the diagnosis [6].
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 Dysphagia

Dysphagia is the most frequently reported symp-
tom, being present in about 95% of achalasia 
patients. Usually, it occurs for both solids and liq-
uids. Of note, dysphagia for liquids represents a 
key clue for esophageal motility disorder as this 
symptom is uncommon in mechanical causes of 
esophageal obstruction (peptic stricture, cancer), 
except for advanced diseases. Patients with acha-
lasia usually describe themselves as “slow eat-
ers” and avoid certain solid foods that are difficult 
to swallow. By changing their diet, most are often 
able to maintain a stable weight, whereas others 
experience a progressive increase in dysphagia 
that eventually leads to weight loss [7].

 Regurgitation and Aspiration

Regurgitation of indigested food occurring minutes 
to hours after a meal is the second most frequent 
symptom and is present in about 60–70% of patients. 
Regurgitation occurs more often in the supine posi-
tion and may lead to aspiration with cough, hoarse-
ness, wheezing, and episodes of pneumonia [7]. 
Dysphagia usually precedes respiratory symptoms 
by an average of 24 months, indicating the progres-
sive nature of symptoms with lack of treatment [8].

 Heartburn

Heartburn is present in about 50% of the patients. In 
the untreated patient, it is not due to abnormal gas-
troesophageal reflux, but rather to stasis and fer-
mentation of undigested food in the esophagus (also 
known as “false reflux”). Unfortunately, a misdiag-
nosis of achalasia as gastroesophageal reflux dis-
ease can occur, particularly in early stages of 
achalasia, and patients are treated with proton-pump 
inhibitors with a consequent delay in diagnosis [9].

 Chest Pain

Chest pain or retrosternal discomfort is experienced 
by nearly 40% of the patients with achalasia. It may 
mimic angina by location and character but differs as 
it is not aggravated by exercise, but rather it is exac-
erbated by eating. The cause of chest pain is still 
unknown, but it has been suggested that esophageal 
distention or esophageal contractions of abnormally 
high amplitude or long duration maybe responsible 
[10]. In untreated patients, chest pain frequency 
tends to diminish spontaneously with advancing age 
[11]. Perretta and colleagues [12] analyzed 211 
achalasia patients of whom 117 (55%) experienced 
chest pain at the time of presentation. The pain was 
felt mostly in the retrosternal area, particularly dur-
ing the day. No differences were observed in age, 
duration of symptoms or manometric profile 
between patients with or without chest pain. With a 
median follow-up of 24 months, chest pain resolved 
in 84% and improved in 11% of the patients after 
laparoscopic Heller myotomy (LHM). These data 
suggest that the relief or improvement of chest pain 
is due to elimination of the outflow obstruction at the 
gastroesophageal junction with improvement of 
esophageal emptying.

 Symptom Scores

The Eckardt score is the most commonly score sys-
tem used to assess patients before and after treat-
ment. It is the sum of the scores for dysphagia, 
regurgitation, and chest pain (a score of 0 indicates 
absence of symptoms, 1 indicates occasional symp-
toms, 2 indicates daily symptoms, 3 indicates symptoms 
at each meal). For weight loss, 1 indicates a loss less than 
5 kg, 2 indicates a loss between 5 and 10 kg, and 3 indi-
cates more than 10 kg of weight loss (Table 2.1). The 
maximum score on the Eckardt scale is 12, and 
treatment is usually considered successful if it 
brings the Eckardt score to equal or less than 3 [13].

Table 2.1 Clinical scoring system for achalasia (Eckardt score)

Score Weight loss (Kg) Dysphagia Retrosternal pain Regurgitation
0 0 None None None
1 <5 Occasional Occasional Occasional
2 5–10 Daily Daily Daily
3 >10 Each meal Each meal Each meal

M. Di Corpo et al.
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 Diagnostic Evaluation

In order to establish a diagnosis of achalasia, it is 
important to have a comprehensive work-up 
which includes barium swallow, upper endos-
copy, esophageal manometry [14], and some-
times ambulatory 24-h pH monitoring [15, 16]. 
An endoscopic ultrasound and a chest CT scan 
are useful when pseudoachalasia secondary to a 
tumor is suspected.

 Esophagogastroduodenoscopy (EGD)

EGD with biopsies should be performed in 
patients who experience dysphagia, in order to 
rule out the presence of a mechanical obstruction 

secondary to a peptic stricture or cancer. An infil-
trating tumor of the gastroesophageal junction 
can mimic the clinical, radiological, and mano-
metric findings of achalasia, resulting in impaired 
LES relaxation and absence of peristalsis. In 
patients older than 60 years old with rapidly pro-
gressing dysphagia and severe weight loss, “sec-
ondary achalasia” or “pseudoachalasia” should 
be suspected [17].

Endoscopic features of achalasia include a 
dilated or tortuous esophagus, food and fluid pool-
ing in the esophagus, and resistance to passage of 
the scope through the gastroesophageal junction. 
The esophageal mucosa can be normal or show 
signs of esophagitis usually secondary to food sta-
sis or candida infection (Fig. 2.1) [18]. In about 
30–40% of patients, the EGD can be normal.

a

b

Fig. 2.1 Endoscopic findings in a patient with achalasia. (Courtesy of Rudolf Buxhoeveden, MD.  Buenos Aires, 
Argentina). (a) Retained food; (b) dilated esophagus

2 Achalasia: Clinical Presentation and Evaluation
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Although endoscopy may suggest achalasia, 
other tests must be performed to confirm the 
diagnosis.

 Barium Swallow

This test provides information about the anat-
omy (diameter and axis) and the emptying of the 
esophagus. The “bird-beak” appearance is 
pathognomonic of achalasia (Fig. 2.2). Other 
typical radiologic findings are slow emptying of 
the contrast from the esophagus into the stom-
ach, an air-fluid level (Fig. 2.3), and tertiary con-
tractions of the esophageal wall. In more 
advanced cases, severe dilatation and a sigmoid-
like appearance can occur (Fig. 2.4). This infor-
mation is particularly important to plan 
treatment. In the presence of a very dilated and 
sigmoid esophagus, pneumatic dilatation and 

POEM are less effective. In addition, a laparo-
scopic myotomy will require a more extensive 
dissection in the posterior mediastinum to 
straighten the esophageal axis. If performed as 
timed barium swallow, it can also quantify the 
efficacy of treatment [19].

Although barium swallow is a key test in the 
work-up, it may show no abnormalities in about 
30% of the patients. The expertise of the radiolo-
gist with this rare disease is key for a proper 
interpretation of the radiologic features [20].

 Esophageal Manometry

Esophageal manometry has become the gold 
standard for diagnosing and classifying achala-
sia. The diagnosis is classically made by demon-
strating impaired relaxation of the lower 
esophageal sphincter in response to swallowing 
and absent peristalsis. The LES is hypertensive in 
about 50% of patients [21].

Fig. 2.2 Barium swallow: esophageal dilatation and a 
smooth tapering of the distal esophagus. (bird’s beak 
sign – arrows)

Fig. 2.3 Air-fluid level (arrows)

M. Di Corpo et al.
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The increased precision of the high-resolution 
manometry (HRM) has improved the ability to 
diagnose achalasia and identify different contrac-
tile patterns. As compared to conventional 
manometry, HRM determines more comfort and 
speediness to the test, easiness to teach, interob-
server and intraobserver reproducibility, and 
compensation of movements artifacts [21, 22]. 
Pressure, length, and relaxation of the LES, as 
well as the pressure of the upper esophageal 
sphincter, are measured with more than 30 sen-
sors spaced at 1 cm intervals, allowing for a pre-
cise pressure recording throughout the whole 
esophagus.

HRM included new manometric parameters, 
which were summarized in the so-called Chicago 
Classification [23, 24]. This new classification 
includes three distinct subtypes of achalasia that 
have both prognostic and therapeutic implica-
tions (Fig. 2.5):

• Type I: incomplete or absent LES relaxation, 
aperistalsis and absence of esophageal 
pressurization

• Type II: incomplete or absent LES relaxation, 
aperistalsis and pan-esophageal pressurization 
in at least 20% of swallows

• Type III: incomplete or absent LES relaxation 
and premature contractions in at least 20% of 
swallows (“spastic achalasia”)

Subclassification of achalasia in types I, II, 
and III seems to be useful to predict the outcome 
and select treatment. Pandolfino and colleagues 
[25] reported that type II achalasia patients are 
more likely to respond to laparoscopic Heller 
myotomy (LHM) (100%), as compared to type I 
(56% overall) and type III (29% overall). 
Concordantly, Salvador et al. [26] evaluated 246 
consecutive patients who underwent LHM and 
found that treatment failure rates were signifi-
cantly different among the subtypes of achala-
sia: type I 14.6%, type II 4.7%, and type III 
30.4% (p  =  0.0007). A recent meta-analysis 
encompassing 9 studies and 727 patients also 
showed that type II achalasia was associated 
with the best prognosis after pneumatic dilata-
tion and LHM, while type III achalasia had the 
worst prognosis [27].

The selection of the best initial approach for 
achalasia also appears to be influenced by the 
Chicago Classification. While in type I and II 
achalasia, pneumatic dilatation and LHM appear 
to be the best optimal treatment, type III achalasia 

a b

Fig. 2.4  (a) Sigmoid-shaped esophagus; (b) esophageal dilatation
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Fig. 2.5 High-resolution manometry. According to 
Chicago Classification: (a) Type I: incomplete or absent 
LES relaxation, aperistalsis, and absence of esophageal 
pressurization. (Reprinted with permission © Springer 
Nature [33]) (b) Type II: incomplete or absent LES relax-
ation, aperistalsis and pan-esophageal pressurization in at 

least 20% of swallows. (Reprinted with permission © 
Springer Nature [33]). (c) Type III: incomplete or absent 
LES relaxation and premature contractions in at least 20% 
of swallows (“spastic achalasia”). (Reprinted with per-
mission © Springer Nature [33])

M. Di Corpo et al.
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seems to be better managed with per-oral endo-
scopic myotomy, probably due to the ability to 
perform a longer myotomy of the thoracic esoph-
agus [28, 29].

 Ambulatory pH Monitoring

This test is recommended in selected patients 
when the diagnosis is uncertain, in order to dis-
tinguish between GERD (real reflux) and achala-
sia (false reflux) (Fig. 2.6). Unfortunately, many 
patients are treated with acid-reducing medica-
tions, or even with a fundoplication, on the 
assumption that the heartburn and the regurgita-
tions are secondary to abnormal reflux. A multi-
center study examined the records of 524 patients 
whose final diagnosis was achalasia, and found 
that 152 patients (29%) had been treated for an 
average of 29 months with proton-pump inhibi-

tors with poor response (classified as having 
“refractory GERD”), and had been referred for 
antireflux surgery [30].

The examination of the pH monitoring tracing 
is mandatory. In both GERD and achalasia, the 
score can be abnormal, but the tracing is differ-
ent. While in GERD patients the tracing is char-
acterized by intermittent drops of pH below 4 
with subsequent return of the pH values above 5, 
in achalasia patients, there is a slow and progres-
sive drift of the pH below 4 with no return to 
higher values (pseudo-GERD due to food fer-
mentation) [31].

Overall, the American College of 
Gastroenterology guidelines for the diagnosis 
of achalasia recommend endoscopy to rule 
out pseudoachalasia, barium swallow to 
delineate the esophageal emptying and anat-
omy, and esophageal manometry to confirm 
the diagnosis [32].

Fig. 2.5 (continued)

2 Achalasia: Clinical Presentation and Evaluation
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a

b

Fig. 2.6 pH monitoring showing the difference between real and false reflux tracings. (a) Real reflux; (b) False reflux. 
(Reprinted with permission © Springer Nature [34])
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Achalasia and Chagas’ Disease

Leonardo M. Del Grande 
and Fernando A. M. Herbella

 Introduction

Chagas’ disease is a tropical infection caused by 
the protozoan Trypanosoma cruzi that is wide-
spread in Latin America [1]. The prevalence of 
the disease has been decreasing due to invest-
ments in prevention. There are still, however, sev-
eral endemic areas in America, such as parts of 
Bolivia and Brazil [2]. On the other side, several 
cases have been reported in non-endemic areas 
such as the US and Europe due to the immigra-
tion of infected individuals from Latin America 
[3]. Nevertheless, global incidence of the disease 
decreased from 18 million cases in 1991 to less 
than 6 million in 2010 with an estimated 400 
thousand individuals infected outside Latin 
America [3, 4].

Trypanosoma cruzi is transmitted to humans 
through the feces of the insect that acts as vector, 
a Triatominae bug called kissing bug in North 
America or barber bug in South America 
(Fig. 3.1). It commonly inhabits holes in houses 
of thatched walls and roofs. The parasite is inocu-

lated when the bug bites the host and defecates 
during the process. Other transmission mecha-
nisms such as blood transfusion, organ transplan-
tation, and vertical have been described [3, 4].

Symptoms may not occur after infection 
(acute phase) or they may be nonspecific as flu 
symptoms (in 30% of the cases). Two-thirds of 
the infected individuals never develop complica-
tions (undetermined form). One-third will expe-
rience damage to target organs [5–7]. The heart is 
the target organ most affected among patients with 
chronic disease (60%). Chagasic cardiomyopathy 
is characterized by cardiac dilatation and conduc-
tion system abnormalities (typically right bundle 
branch block) [1, 5, 8]. The gastrointestinal  system 
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is affected in 20% of the cases, especially the 
esophagus or colon, with a 60% concomitance of 
cardiac manifestation [7, 9, 10].

There is no vaccine for prevention of Chagas’ dis-
ease or specific treatment for the chronic stage [5].

 Chagas’ Disease Esophagopathy

 Pathophysiology

Chagas’ disease esophagopathy (CDE) is caused 
by immune destruction of the esophageal intra-
mural ganglia. This process begins in anticipa-
tion of symptoms since the disease usually 
clinically manifests more than 15 years after con-
tagion. Neural damage in idiopathic achalasia 
(IA) seems to be degenerative and leads to 
destruction of the Auerbach’s myenteric plexus 
affecting only inhibitory neurons [9–12]. On the 
other side, inhibitory and excitatory neurons 
seem to be affected in CDE. This aganglionosis 
affects esophageal body contraction and lower 
esophageal sphincter relaxation.

 Clinical Presentation

Clinical presentation for CDE and IA is similar. 
Dysphagia is the main symptom in almost all 
cases. Regurgitation, weight loss, and thoracic 
pain are also very frequent. A remarkable differ-
ence in presentation is, however, the time of com-
plaint. It is common to find patients with two 
decades of dysphagia in CDE. This is probably 
caused by access to treatment in underdeveloped 
countries where the disease is endemic. Moreover, 
the vector insect inhabits rural areas, distant from 
large urban centers [11, 13].

 Esophageal Motility

Esophageal achalasia is defined manometrically 
by aperistalsis and inadequate relaxation of the 
lower esophageal sphincter [12, 14, 15]. High- 
resolution manometry provides a more detailed 
evaluation of the disease including a classifica-

tion based on esophageal pressurization. The 
same classification may be applied to CDE [12, 
15] although type III was not present in patients 
with CDE probably due to the loss of inhibitory 
and excitatory ganglia in CDE, different from IA 
[11, 12]. CDE and IA are comparable in regard to 
manometric findings although higher pressures 
of the esophageal body are noticed in patients 
with IA and basal and residual pressures of the 
LES are lower in patients with CDE. This may be 
attributed to a more pronounced esophageal dila-
tation in patients with CDE [15]. It is still unclear 
if the Chicago Classification may predict progno-
sis in patients with CDE similarly to IA [15–19]. 
The higher prevalence of lower esophageal 
sphincter basal pressure in patients with CDE 
[15, 20] does not seem to affect outcomes even 
though some authors propose that better results 
are found in patients with hypertonic lower 
esophageal sphincter [21].

Interestingly, some authors recently ques-
tioned the need for complete aperistalsis to define 
achalasia [12]. Chagas’ disease is a natural model 
for achalasia since patients without any clinical 
complain may be followed to evaluate deteriora-
tion or not of motility. Some studies did find 
some undetermined abnormalities in these 
patients, especially multipeaked waves, sponta-
neous activity, and repetitive waves [14, 15, 20].

 Esophageal Dilatation

The degree of esophageal dilatation is an indica-
tive of the disease severity and tailors therapy 
according to some authors. CDE is characteristi-
cally represented by esophageal dilatation, prob-
ably related to the delay in treatment as previously 
mentioned. Over 70% of the patients will present 
with >4 cm of esophageal caliber at first presen-
tation in CDE series [22].

Esophageal dilatation may define end-stage 
disease. The threshold for advanced disease is 
variable. Some adopt the limit of 6 cm for maxi-
mum esophageal diameter [23], while others use 
7 cm [24]. Most Brazilian surgeons adopt 10 cm as 
the upper limit [25]. Esophageal  diameter > 10 cm 
can be found in up to 40% in CDE series [26].

L. M. Del Grande and F. A. M. Herbella
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 Other Manifestations

Esophageal stasis is accentuated in dilated 
esophagi. This leads to secondary findings in 
the mucosa at the upper digestive endoscopy, 
especially esophagitis due to intrinsic produc-
tion of acid during bacterial fermentation of 
retained food and leukoplakia, a premalignant 
finding [25, 26]. The risk for esophageal cancer 
is 10–50 times greater in patients with achala-
sia, and it is greater in patients with CDE prob-
ably due to the long-lasting time of symptoms 
[26, 27].

Epiphrenic diverticula are common in achala-
sia, but there is no evidence for a different inci-
dence in patients with CDE as compared to IA 
[28, 29].

 Evaluation

A complete work-up is necessary for the diagno-
sis and evaluation of patients with suspected 
CDE, not different from IA [30].

Barium esophagram is a simple test that may 
be diagnostic and classifies the disease according 
to the degree of dilatation (Table 3.1).

Upper digestive endoscopy is a mandatory test 
to exclude other diseases including pseudoacha-
lasia due to an esophagogastric junction tumor, 
particularly because achalasia increases the risk 
for esophageal cancer.

Esophageal manometry is the gold standard 
test for the diagnosis of achalasia due to objective 
evaluation of peristalsis, detection of alterations 
even in incipient cases, and the possibility to 
define prognosis.

The heart and the colon may be other target 
organs of the Chagas’ disease. Thus, a cardio-

logic evaluation is necessary in all patients. A 
colonic evaluation is necessary if this organ may 
be used to replace the esophagus after and 
esophagectomy.

Patients with massive dilatation of the esopha-
gus must be carefully prepared for therapy. The 
risk for aspiration is great due to food stasis in the 
esophagus. Prolonged fasting and attention dur-
ing intubation are mandatory. Pulmonary evalua-
tion is welcome since subclinical aspiration may 
affect the lungs.

 Treatment (Table 3.2)

 Pharmacological
Pharmacological treatment for achalasia aimed at 
decreasing the lower esophageal sphincter tonus 
has limited usage [30]. Results are precarious and 
side effects of the drugs are frequent. This ther-
apy is seldom used for CDE.

Table 3.1 Classification of Chagas’ esophagopathy 
according to the degree of dilatation [18, 21]

Maximum esophageal diameter (cm) Achalasia degree
<4 I
4–7 II
7–10 III
>10 or sigmoid-shaped IV

Table 3.2 Treatment options for Chagas’ disease 
esophagopathy

Treatment Observations
Pharmacological Limited use
Endoscopic – cardia 
dilatation

Frequent use in initial cases as 
primary therapy (dilatation 
<4 cm). Excellent/good results 
in over 80%

Endoscopic – 
botulinum toxin 
injection

Low level of evidence for 
outcomes in patients with 
Chagas’ disease
Different pathophysiology as 
compared to idiopathic disease 
may bring inferior outcomes

Endoscopic – 
peroral myotomy

Few studies in Chagas’ disease
Questionable value and 
feasibility in end-stage disease

Surgical – Heller 
myotomy

Frequently used
Excellent/good results in over 
80%

Surgical – 
esophagectomy

Frequently used for end-stage 
disease (dilatation >10 cm)

Surgical – other Low level of evidence for 
outcomes in patients with 
Chagas’ disease
Laparoscopic Heller myotomy 
may be a better alternative in 
end-stage cases

3 Achalasia and Chagas’ Disease
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 Endoscopic

Endoscopic Forceful Cardia Dilatation
Endoscopic dilatation is probably the most used 
primary therapy in achalasia patients [30, 31]. It 
has, however, decreased efficacy in cases of mas-
sive esophageal dilatation. This fact limits the use 
of this procedure in patients with CDE. It is used 
in initial cases or as a palliative procedure to 
improve nutrition before an operation [30, 32, 33].

Botulinum Toxin Injection and Peroral 
Endoscopic Myotomy (POEM)
Intrasphincteric botulinum toxin injection expe-
rience in patients with CDE is very limited [34].

Experience with POEM is also limited. The 
high incidence of a dilated esophagus may make 
the procedure more challenging [35].

 Surgery

Laparoscopic Heller Myotomy
Laparoscopic Heller myotomy and fundoplica-
tion are the most common procedures used to 
treat IA and CDE [30]. These are associated with 
long-lasting and excellent outcomes with CDE, 
similar to IA [32].

Esophagectomy
Esophagectomy is advocated by different authors 
to treat end-stage achalasia. The pronounced dila-
tation in CDE made esophagectomy a popular 
treatment in Latin America [36]. The operation is, 
however, more challenging than an operation for 
cancer [37], associated with significant morbidity 
(up to 70%) and mortality (up to 4%) for a benign 
disease [38, 39]. Moreover, the surgical risk is 
increased with larger degrees of dilatation [40]. 
For these reasons, the number of esophagecto-
mies for achalasia has been decreasing in Brazil 
[41], and some authors advocate a laparoscopic 
Heller myotomy even with dilated esophagi [42, 
43]. Others opt for esophageal mucosectomy and 
endomuscular pull-through [44].

Other Techniques
CDE is characterized by frequent esophageal 
dilatation as previously mentioned. Some Latin 

American surgeons use alternatives of an esopha-
gectomy in cases of end-stage disease.

Gröndahl cardioplasty, later modified and 
added to a gastrectomy by Holt and Large 
[45], has been used by Latin American sur-
geons as an alternative to esophagectomy in 
advanced cases of CDE [13]. It has a lower 
morbidity as compared to an esophagectomy 
(up to 25%) and lower mortality (up to 2%) 
[13, 46].

 Conclusions

Chagas’ disease may affect the esophagus and 
create a motility disorder very similar to IA. The 
most significant difference between these two 
diseases is probably the higher proportion of 
esophageal dilatation found in Chagas’ disease 
esophagopathy. Treatment is similar to IA, with 
Heller myotomy and fundoplication or endo-
scopic dilatation for initial cases and Heller 
myotomy and fundoplication or esophagectomy 
for more advanced cases.
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Pneumatic Dilation for Esophageal 
Achalasia

Wojciech Blonski and Joel E. Richter

Current American College of Gastroenterology 
(ACG) guidelines consider pneumatic dilation 
(PD) the most effective nonsurgical treatment 
for achalasia [1]. According to current ACG 
guidelines, all achalasia patients with low surgi-
cal risk should be presented with two equally 
effective treatment modalities for achalasia: PD 
and Heller myotomy [1]. Based on patients’ 
preference and expertise of the local center, 
either procedure can be selected [2, 3]. This 
chapter will summarize the data over the last 
50  years to support the ACG guidelines. The 
Rigiflex balloons have greatly simplified PD 
and finally good randomized studies prove the 
long-term efficacy of PD in treating achalasia. 
This has been a journey the senior author began 
in the days of the Brown-McHardy balloon, per-
formed some of the pilot work with the Rigiflex 
balloon in the 1980s, and now has a series of 
nearly 1000 PDs over the last 35 years.

 Historical Perspective

The aim of PD is to disrupt the lower esophageal 
sphincter (LES), resulting in relief of symptoms 
and improved esophageal emptying. In actuality, 
the muscle is infrequently torn, but rather cir-
cumferential stretching occurs [4]. The first 
reported case of achalasia was treated with self- 
bougienage using a whale bone attached to a 
sponge [5].

Early dilators were metal (Stark) and later 
modified with expanding bags or balloons which 
could be positioned across the LES.  The first 
balloon was the Plummer hydrostatic dilator, 
which used water to expand the balloon [5]. 
Subsequent dilators replaced water with air and 
were called “pneumatic dilators.” These included 
the Browne- McHardy, Hurst-Tucker, Mosher, 
and Rider- Mueller dilators. The latter was a 
dumbbell-shaped bag that could be positioned 
across the LES and came for the first time in 
variable sizes. These balloons required fluoros-
copy for proper placement, and balloon size, 
when expanded, ranged from 2.5 to 4.5 cm [5]. 
The overall experience with these balloons was 
excellent with improvement noted in 61% to 
100% of patients with a perforation rate from 2% 
to 15% [5]. The variable quality of the older bal-
loon dilators and high perforation rate limited 
their wide utility. The last Browne-McHardy 
dilator, the most popular of these older balloons, 
was made in 1982.
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 Modern Balloons and Dilation 
Techniques

The introduction in 1987 of the Microvasive 
Rigiflex balloon system (Boston Scientific, 
Boston, MA) has allowed for standardization of 
pneumatic dilation. These balloons are 10  cm 
long and consist of polyethylene polymer 
mounted on a flexible catheter. There are three 
diameters of the Rigiflex balloons: 30, 35, and 
40 mm (Fig. 4.1). Although the balloon itself is 
not visible under fluoroscopy, it has four radi-
opaque markers on the shaft that define the upper, 
lower, and middle (double markers) borders. 
Additional feature of the Rigiflex balloon is that 
it can be inflated maximally only to its designated 
diameter (noncompliance).

Although PD was initially performed in the 
hospital setting with an overnight stay, for the last 
20 years, this procedure has been performed in 
outpatient ambulatory surgical centers [6]. Prior 
to performing PD in the practice of the senior 
author, all patients with suspected achalasia have 
their diagnosis confirmed by high-resolution 
manometry. The diagnosis of achalasia is based 
on the Chicago Classification (achalasia types I, 
II, and III) [7]. In addition, timed barium esopha-
gram (TBE) is performed [8]. In this technique, 
after drinking 8 oz. of low-density barium in the 
standing position, two-on-one spot films are 
obtained at 1 and 5 min to assess liquid emptying 

[9]. Next, the esophagus is rinsed with water fol-
lowed by ingestion of a 13  mm barium tablet. 
The passage of the tablet is evaluated 5 min after 
ingestion. TBE allows for assessment of the 
degree of esophageal dilation, megaesophagus, 
and the rate of esophageal emptying of liquid 
barium and barium tablet over 5 min. In patients 
with markedly dilated esophagus or slow esopha-
geal emptying, we recommend 3 days of clear 
liquids prior to PD. In all other patients, we rec-
ommend nothing per mouth status after midnight 
on the day of procedure.

Before PD is initiated, upper endoscopy under 
conscious sedation with propofol is performed. 
Initially, the patient is placed in the left lateral 
position with elevation of his/her head at least 
30°. In our practice, intubation to protect the air-
way is required in less than 1% of patients. The 
esophagus (esophageal mucosa and LES) is care-
fully assessed with removal of any fluid and soft 
retained food with standard suction. In patients 
with large amounts of retained food, we perform 
water lavage with a large bore nasogastric tube.

All achalasia patients usually have mild to 
moderate dilation of the esophageal body with 
tortuosity of the distal third of the esophagus and 
some retention of clear secretions (saliva) and 
small amounts of soft food. Although the esopha-
geal mucosa usually appears normal, some 
patients will show reddened, friable, thickened, 
cracked, desquamating mucosa with megaesoph-
agus and chronic stasis. Endoscopic evidence of 
candidiasis with the classic white plaques may 
also be seen.

It is imperative to perform a careful inspection 
of the LES during upper endoscopy [6]. Patients 
with achalasia usually have a puckered appear-
ance to the LES, which remains closed with air 
insufflation (Fig.  4.2). The gastroesophageal 
junction (Z-line) may not be easily seen due to its 
location 1–2  cm below the spastic area, which 
represents the proximal border of the LES. Upon 
applying gentle pressure, the endoscope should 
easily pass into the stomach, and about 25% will 
be associated with a popping release [6]. 
However, pseudoachalasia should be suspected if 
excessive pressure is required. We recommend a 
detailed evaluation of the gastric cardia in the ret-

Fig. 4.1 Thirty millimeter Rigiflex balloon with radi-
opaque markers defining the upper, middle, and lower 
borders
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roflex view to ensure that there is no lesion suspi-
cious for malignancy. In all instances of suspected 
cancer, multiple cold forceps biopsies should be 
performed within the distal esophagus and gas-
tric cardia and consideration given to performing 
endoscopic ultrasound or chest CT scan.

After upper endoscopy is concluded, a Savary 
wire is placed into the stomach followed by blind 
passage of the Rigiflex balloon into the stomach. 
At that point, we change the patient’s position 
from left lateral to supine and then initiate fluo-
roscopy for proper location and insufflation. It is 
our standard practice to start with the 30 mm bal-
loon in the majority of our patients. In some 
patients, particularly younger healthy men, we 
may start with the 35  mm balloon because the 
LES is more difficult to disrupt in this popula-
tion. Patients after Heller myotomy have scarring 
at the LES; therefore we always use a 35 mm bal-
loon initially in this group of patients [6].

The most important part of the PD is accurate 
location of the balloon by fluoroscopy. We want 
to see the impingement on the waist caused by 
the non-relaxing LES on the middle portion of 
the balloon near the double opaque markers 
(Fig. 4.3). This usually occurs at the level of the 
diaphragm or 2–3 cm above with the exception of 
patients after Heller myotomy who may have the 
waist below the diaphragm. Once the accurate 
placement of balloon is confirmed fluoroscopi-
cally, the balloon is slowly distended to achieve 
flattening of the waist (Fig.  4.4). This usually 

occurs with 7–15 psi of air pressure which is held 
for 1 min while monitoring the balloon position 
fluoroscopically [6]. In other centers, the pneu-
matic balloon is kept distended for 15–120 sec-
onds, and sometimes repeat dilation is performed 
before balloon removal. It is important for the 
endoscopist to secure the catheter snugly to the 
mouth guard as the esophagus will try to push the 
balloon distally into the stomach. After 

Fig. 4.2 Puckered appearance of the LES in patient with 
classic achalasia

Fig. 4.3  Inflation of a 30 mm Rigiflex balloon revealing 
a “waist” at the EGJ. The waist is always on the left side 
of the balloon

Fig. 4.4  Flattening of the “waist” following inflation of 
a 30 mm Rigiflex balloon
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 completing the dilation, the air is removed with a 
50  cc syringe and the balloon is removed. The 
presence of blood on the balloon indicates a 
mucosal tear but is not predictive of a successful 
dilation. We do not perform a repeat endoscopy 
immediately after PD.  In our center, PD itself 
lasts approximately 5 min. The main elements of 
PD are illustrated in Fig. 4.5. Following the PD, 
patients are monitored for 30–60  min. We rou-
tinely obtain an upright barium esophagram 
before discharge to assess for esophageal perfo-
ration but not the degree of esophageal emptying. 
The rationale for the use of barium over the gas-
trografin is that the former allows for better visu-
alization of small leaks without the fear of 
respiratory problems in cases of aspiration. 
Following the barium esophagrams, the patient 
receives liquids and is discharged with our cell 
phone number, in case other problems arise. 
Patients may travel distances if required; how-
ever, we advise them to stay locally for one night 
to ensure that they can be transferred to our hos-
pital if they develop any complications. We eval-
uate all our patients in 4–6 weeks after pneumatic 
dilation with assessment of symptoms and esoph-
ageal emptying by TBE. Repeat high-resolution 
esophageal manometry is rarely performed. In 
patients with persistent symptoms, especially in 
conjunction with poor esophageal emptying on 

TBE, we recommend repeat PD with the next 
larger balloon. We repeat PD until either satisfac-
tory symptom relief or failure to respond to the 
largest 40 mm balloon occurs. All patients with-
out response to PD with the 40 mm balloon are 
referred for Heller myotomy.

 Complications After Pneumatic 
Dilation

Contraindications to PD are poor cardiopulmo-
nary status or other comorbid illnesses that would 
prevent surgery should an esophageal perforation 
occur. For these sicker patients, botulinum toxin 
injections might be the better treatment. Up to 
33% of patients have complications during or 
after PD, although most are minor including 
chest pain, aspiration pneumonia, fever, painful 
mucosal tears without perforation, and hema-
toma [10]. Esophageal perforation is the most 
serious complication with an overall rate in expe-
rienced hands of 1.9% (range 0–16%) of which 
50% require surgery. Small perforations and 
deep, painful tears may be treated conservatively 
with antibiotics and sometimes esophageal stents. 
However, surgical repair through a thoracotomy 
is best for large perforations with extensive soil-
age of the mediastinum. Most perforations occur 

Fig. 4.5 Pneumatic dilatation with the Rigiflex system. (Reprinted with permission © Lancet Publishing Group [2])
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during the initial dilation; difficulty keeping the 
balloon in position is a potential risk factor [2].
Although no other predictors for perforation have 
been identified, the European Achalasia Trial did 
report four perforations, mostly in older patients, 
when the first PD was done with a 35 mm com-
pared with a 30 mm balloon [2]. Severe GERD is 
infrequent after PD, but 15–35% of patients have 
heartburn, which improves with proton-pump 
inhibitors [11].

 Long-Term Success of Pneumatic 
Dilation

Repeated series from throughout the world con-
firm the effectiveness of PD for the treatment of 
achalasia. In a review of more than 1100 patients 
(24 studies) with an average follow-up of 
37  months [11], Rigiflex pneumatic dilation 
resulted in good to excellent symptom relief in 
74%, 86%, and 90% of patients treated with 30, 
35, and 40 mm balloons, respectively. Consistent 
across these studies after 4–6 years, approxi-
mately 30 to 40% have symptom relapses 
(Fig. 4.6) [12, 13]; however, long-term remission 
can be achieved in nearly all these patients by 
repeat dilation by an on-demand strategy based 
on symptom relapse [14]. This approach is par-

ticularly popular in Europe and Australia with 
centers very experienced in PD and the lack of 
monetary incentives to pursue surgical myotomy 
[12, 14, 15]. In the senior author’s experience, a 
single PD has been successful in several women 
up to 15 years and one young man for 22 years.

With the widespread use of Rigiflex balloons, 
we are beginning to identify risk factors for 
relapse after PD. These are mainly young age 
(<40 years), male gender, single dilation with a 
3.0  cm balloon, posttreatment LES pres-
sure > 10–15 mmHg, poor esophageal emptying 
on an upright barium esophagram, and type III 
achalasia pattern on high-resolution manometry 
[13, 16–21]. PD is the most cost-effective treat-
ment for achalasia over a time period of 5 to 10 
years [22, 23].

 Pneumatic Dilation vs. Surgical 
Myotomy

Until recently, addressing the question of 
whether to choose PD or surgical myotomy was 
difficult because large prospective randomized 
trials were not available. The best data was from 
a large retrospective longitudinal study from the 
province of Ontario, Canada [24]. From 1991 to 
2002, nearly 1500 patients were treated for 
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Fig. 4.6 Long-term 
outcome for pneumatic 
dilation for achalasia. 
18-year experience from 
a single Australian 
center. Cumulative 
relapse rates for a cohort 
of 130 patients. Relapse 
rates were 18% by 
2 years, 41% by 5 years, 
and 60% by 10 years. 
(Reprinted with 
permission © Blackwell 
Publishing Ltd. [15])
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achalasia: 81% had PD and 19% had surgical 
myotomy as their first treatment. The cumula-
tive risk of any subsequent treatment after 1, 5, 
and 10  years was 37%, 56%, and 64% after 
pneumatic dilation as compared to 16%, 30%, 
and 38% after surgical myotomy, respectively. 
In this scenario, repeat PD was recorded as a 
subsequent treatment.

In 2011, a prospective randomized compara-
tive study was published comparing PD and 
laparoscopic myotomy performed by physi-
cians highly skilled in both procedures. In the 
European Achalasia Trial [25], patients from 
five countries were randomized to Rigiflex PD 
(N = 94, 30, and 35 mm with up to three repeat 
dilations allowed) or surgical myotomy with 
Dor fundoplication. Both treatments had com-
parable success at 2 years as assessed by symp-
toms, LES pressure, and barium emptying: 86% 
for PD and 90% for myotomy. Preexisting daily 
chest pain, esophageal width less than 4  cm 
before treatment, and poor esophageal empty-
ing posttreatment were identified as predictors 

of PD treatment failure. Twenty-three patients 
had a recurrence of symptoms requiring redila-
tion, which was not successful in five patients. 
Later re-analysis of this study found PD and 
myotomy equivalent treatments for type I and II 
achalasia, while surgery was superior in type III 
achalasia [26].

This study continues to follow both groups 
with a recent report of the 5-year data (Fig. 4.7) 
[27]. In the full analysis set, there was no signifi-
cant difference in success rates with 84% for sur-
gical myotomy and 82% for PD. Redilation was 
performed in 24 (25%) of the PD patients. 
Younger age (<40 years), a width < 4 cm of the 
esophagus, and type III achalasia were identified 
as independent risk factors for redilation.

In contrast, a preliminary report of a 
European randomized trial of peroral endo-
scopic myotomy vs. PD found marked superior-
ity of this new surgical procedure over 2 years 
[28]. A total of 130 patients were randomly 
assigned to POEM (64) or PD (66). Intention-
to-treat analysis revealed a significantly higher 
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success rate for POEM (92%) compared to PD 
(54%) (p < 0.001). However, this study was very 
restrictive on the use of repeat PD defining fail-
ures if symptoms did not improve after 30 and 
35 mm balloons.

 Role of Pneumatic Dilation 
in Management of Achalasia

In accordance with societal guidelines [1, 2], 
healthy patients with achalasia should be given 
the option of pneumatic dilation or surgical 
myotomy (laparoscopic Heller myotomy or 
POEM). The advantages of PD to surgery 
includes an outpatient procedure, minimal pain, 
return to work next day, mild, if any GERD, and 
can be performed in any age group and during 
pregnancy. PD does not hinder future myotomy 
and all cost analyses find it less expensive than 
surgical myotomy. The major barrier for PD, at 
least in the United States, is fewer and fewer 
gastroenterologists are performing this rela-
tively simple procedure. Fear of having a perfo-
ration may be one factor and increased 
availability of surgical myotomy is likely 
another. Most PDs now are being done in esoph-
ageal centers of excellence in a multidisci-
plinary team approach. In this setting, we 
perform 50–60 procedures a year primarily in 
achalasia patients but more recently have 
expanded indication to esophagogastric junc-

tion (EGJ) outflow obstruction, distal esopha-
geal spasm, and tight Nissen fundoplication.

Refer to Table 4.1 for a general consensus 
shared by most esophagologists for the treatment 
of the three types of achalasia. Type I and II 
respond well to both PD and surgical myotomy. I 
personally prefer PD in my older patients and 
women where my results are very similar to 
myotomy. Young patients (<40  years) and men 
seem to do better with surgery. Both options are 
reviewed with the patients and they take an active 
part in selecting their initial treatment. For Type 
III achalasia, we all perform POEM, but insur-
ance coverage is a major issue in many areas of 
the country.

About 15% of our PDs are performed in 
patients with incomplete myotomy as the cause 
of failure after surgical Heller myotomy or 
POEM. In this setting, we begin with the 35 mm 
balloon progressing then to the 40 mm size with 
an overall success rate of about 50% [29]. For 
the elderly frail patients, botulinum toxin injec-
tions are the preferred initial treatment in the 
United States. However, Europeans are very 
comfortable going directly to PD in high-volume 
centers with surgical expertise should the rare 
complication occur [3]. My oldest patient under-
going PD was 91, did well, and was very grate-
ful. Therefore, PD has wide application for the 
treatment of achalasia when performed by gas-
troenterologists and surgeons skilled and com-
fortable with the procedure.

Table 4.1 Treatment algorithm for naïve achalasia based on Chicago Classification

Type I or II achalasia Type III achalasia
Pneumatic dilation
Less morbidity/cost
Expect repeated dilations 

over years
Equal to HM in RCT
Older women may do best
Minimal GERD

Heller myotomy
Equal to PD in RCT
Effective across all ages/

genders
Preferred with 

megaesophagus, 
diverticulum, or hiatal 
hernia

More GERD

POEM
Highly effective in 

short-term RCT
Minimal pain
Lots of GERD (>50%)
Insurance issues

POEM
Only procedure to 

adequately cut the 
length of the 
spasms

Avoids chest operation
Superior to PD and 

HM
Insurance issues

HM Heller myotomy
RCT Randomized controlled trial
GERD Gastroesophageal reflux disease
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ESD endoscopic submucosal dissection
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POEM per-oral endoscopic myotomy
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 Introduction

Minimally invasive surgery has evolved over 
the past four decades with the advancement of 
video, fluoroscopic, and fiber-optic technolo-
gies allowing for performance of intraluminal 
procedures of the gastrointestinal, vascular, 
respiratory, and genitourinary systems. Over 
the same period, the development and refine-
ment of laparoscopic and thoracoscopic tech-
niques have allowed for safe and less invasive 
alternatives to traditional open surgical proce-
dures. These technologies have allowed inter-
ventions to be performed with significantly less 

morbidity to the patient without sacrificing out-
comes. Interventions in the submucosal space 
or so-called third space are the latest in the 
innovation and advancements of minimally 
invasive techniques [1].

The submucosal space is the area between 
the mucosa and muscularis of the alimentary 
tract. This space can be accessed by using a 
common interventional endoscopic technique 
known as the saline lift. Endoscopists frequently 
use this technique to separate the mucosa from 
the underlying muscular layer in order to remove 
mucosal-based polyps or lesions. Pasricha and 
colleagues were the first to utilize the space cre-
ated by the injection of fluid as an entry point 
into the submucosal space in 2007 when they 
performed a submucosal myotomy in an animal 
model [2]. The first clinical application in 
humans was published by Inoue and colleagues 
in 2010 with their results after per-oral endo-
scopic myotomy (POEM) for the treatment of 
achalasia [3]. Third space endoscopy is now 
used for the treatment of a variety of gastroin-
testinal pathologies; however, it was the refine-
ment of the POEM procedure that realized the 
potential for successful endoscopic interven-
tions in this space.

This chapter will be a review of the POEM 
procedure, including a discussion of periopera-
tive workup and care, technical aspects of the 
procedure, and outcomes data.
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 Indications and Alternative 
Therapies

Per-oral endoscopic myotomy is an accepted pro-
cedure used most commonly to treat achalasia and 
a subset of similar esophageal motility disorders 
such as distal esophageal spasm, jackhammer 
esophagus, and esophagogastric junction outflow 
obstruction. Achalasia is a rare disease of esopha-
geal motility resulting from neuron loss in the 
esophageal myenteric plexus [4]. This leads to fail-
ure of both esophageal body peristalsis and relax-
ation of the lower esophageal sphincter during a 
swallow that normally allows passage of a food 
bolus. This pathology is thought to be due to an 
irreversible, immune-mediated process. This dis-
ease causes afflicted patients’ symptoms of chest 
pain, weight loss, regurgitation, and progressive 
dysphagia. A high index of suspicion is necessary 
for diagnosis of achalasia as its prevalence of 1–2 
cases per 100,000 people means the average pri-
mary care practitioner will rarely encounter this 
disease in their practice, which may result in sig-
nificant delays in diagnosis [5, 6]. There are multi-
ple treatment modalities available for patients with 
achalasia. These treatments aim to either relax, 
stretch, or disrupt the lower esophageal sphincter 
muscles in order to allow for easier passage of 
esophageal contents into the stomach. Botox injec-
tion has been used to decrease the pressure of the 
lower esophageal sphincter, though symptomatic 
relief is only temporary and repeated injections 
increase risk of scar tissue making future interven-
tions more challenging. Endoscopic pneumatic 
dilation is another incisionless and short-lived ther-
apy that involves inflation of a balloon across the 
esophagogastric junction (EGJ) which stretches the 
sphincter muscles [7, 8]. Similar to Botox injec-
tions, balloon dilations are able to be repeated once 
the symptomatic relief wears off. The more inva-
sive and effective option is a Heller myotomy, a 

surgical procedure that is typically performed lapa-
roscopically and involves controlled longitudinal 
division of the lower esophageal sphincter muscu-
lar complex [9, 10]. With the advances in submuco-
sal surgery, POEM became an option that combines 
the advantages of the previous two interventions, as 
it is an endoscopic approach to permanent division 
of the lower esophageal sphincter muscle.

 Preoperative Evaluation

Given the rarity of achalasia and similar esopha-
geal disorders, it is important that a thorough and 
complete workup is performed to ensure accurate 
diagnosis. This is best performed at a tertiary or 
quaternary care center with significant achalasia 
experience and volume, at which a multidisci-
plinary team will review the various diagnostic 
tests and discuss appropriate management.

 Symptom Evaluation

As with any preoperative encounter, a complete 
history and physical exam should be performed 
focusing on symptomatology commonly associ-
ated with achalasia. A scoring system, the Eckardt 
symptom score, was developed to assist with 
diagnosis of achalasia (see Table 5.1) [11]. This is 
a validated symptom assessment tool that uses a 
three-point rating scale across four symptom 
domains: weight loss, chest pain, regurgitation, 
and dysphagia. The sum of each domain score 
results in an overall score of 0–12, with higher 
scores representing more severe disease. This tool 
can be used postoperatively to assess symptom 
outcomes; however, significant variability within 
the chest pain and weight loss domains have 
recently led to questions about the reliability of 
this system [12]. Patients who have undergone 

Table 5.1 Eckardt symptom score composed of four domains with summative scores ranging from 0–12

Symptom Weight Loss (kg) Dysphagia Regurgitation Chest Pain
Score 0 None None None None

1 <5 Occasional Occasional Occasional
2 5–10 Daily Daily Daily
3 >10 With every meal With every meal Several times/day
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prior Botox injections and/or dilations will have 
increased procedural risk as they are more likely 
to have scar tissue making submucosal tunneling 
more challenging. In those patients who have 
undergone a prior myotomy, it is especially 
important to obtain the operative report for review 
if the procedure was performed by another endos-
copist or at a different institution. Tunneling and 
myotomy should be performed at a different loca-
tion than the prior intervention.

 Imaging and Diagnostic Testing

Diagnostic tests and imaging are vitally impor-
tant for establishing the diagnosis and ruling out 
alternative causes of presenting symptoms such 
as severe gastroesophageal reflux, peptic stric-
ture, an obstructing mass, or pseudo-achalasia. 
The first step in ruling out many of these alterna-
tive etiologies is performance of flexible endos-
copy. Patients with a negative endoscopy should 
then undergo a high-resolution manometry 
(HRM) to diagnose achalasia or other esophageal 
motility disorders. The Chicago Classification 
v3.0 stratifies the types of achalasia based on 
results from HRM [13, 14]. Finally, a timed bar-
ium esophagram (TBE) is useful for anatomical 
evaluation preoperatively [15]. Significant dila-
tion, tortuosity, and gastroesophageal junction 
angulation contribute to increased technical chal-
lenge of POEM. Additionally, detection of a hia-
tal hernia on endoscopy or esophagram would 
lead to reconsideration of the operative approach 
to a myotomy as this condition would predispose 
patients to increased risk of post-POEM reflux. A 
laparoscopic approach would allow for simulta-
neous hiatal hernia repair, myotomy, and anti- 
reflux procedure and would therefore be the 
preferred intervention for those patients found to 
have a concurrent hiatal hernia.

 Operative Technique

POEM is an intervention in the submucosal 
space that uses a submucosal lift technique fol-
lowed by endoscopic submucosal dissection 

(ESD) to create a submucosal flap or tunnel. 
The tunnel allows for the mucosal layer to 
remain intact over the area of muscular disrup-
tion, protecting the mediastinum and perito-
neum from contact with gastrointestinal luminal 
contents. Following completion of the endo-
scopic submucosal myotomy, the tunnel entry 
point is closed, and the procedure is completed 
with no external incisions on the patient. 
Several technical variants to the performance of 
this procedure have been described, and this 
chapter will discuss our institutional practice, 
which is similar to Inoue and colleagues [3]. 
Complications are best avoided when practitio-
ners employ methods most familiar to their 
practice in addition to strict adherence to the 
fundamental principles of surgery.

 Preparation for POEM

In preparation for the procedure, the patient 
receives a 7-day course of oral fluconazole 
leading up to the procedure. Patients with acha-
lasia are at a higher risk of having esophageal 
candidiasis, the presence of which would result 
in cancellation of the procedure. The patient is 
also instructed to maintain a clear liquid diet 
for the 2 days immediately preceding his/her 
myotomy in addition to the standard nil per os 
status the night prior to avoid extensive retained 
food which could also cause procedural delay. 
POEM should be performed by a specialized 
team of care providers in an operating room or 
advanced endoscopy suite. Endoscopic equip-
ment in addition to instruments necessary for 
rapid decompression of the chest or abdomen 
should be readily available at the time of the 
procedure. In our practice, the patient is posi-
tioned supine on the operating room table. The 
anesthesia team performs rapid sequence endo-
tracheal intubation for all of these patients 
because their pathology places them at high 
risk for retained esophageal contents and, there-
fore, aspiration at the time of induction of anes-
thesia. In the case of a known or presumed 
difficult airway, fiber-optic intubation is 
performed.

5 Per-oral Endoscopic Myotomy
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 Endoscopy

Following successful intubation, a flexible endos-
copy is performed using a standard high- 
definition endoscope with carbon dioxide 
insufflation. Occasionally, an esophageal over-
tube is used for assistance with the extremely 
dilated esophagus. In order to prevent hemody-
namic compromise in the event of accidental 
entrance into the mediastinal or peritoneal cavity, 
air insufflation must be turned off. A diagnostic 
endoscopy allows for irrigation and suctioning of 
the esophagus and stomach as needed, and evalu-
ation for Candida esophagitis or significant solid 
food burden, which, when encountered, results in 
abortion of the procedure. If the esophagus is 
adequately clear, the scope shaft is then used to 
take measurements from the incisors at the mouth 
to the squamocolumnar junction of the EGJ. 
These measurements are used during the opera-
tion to maintain awareness of scope location and 
also assess progress during the myotomy to 
ensure adequate dissection. Some centers inject 
blue dye into the submucosa of the anterior lesser 
curvature of the stomach, 2–3  cm distal to the 
EGJ, in an effort to assist with identification of 
the endpoint of the submucosal dissection. This 
provides an additional visual cue to the endosco-
pist to ensure that the myotomy will extend 
across the entirety of the lower esophageal 
sphincter and onto the gastric wall but may pre-
dispose to distal mucosal injury.

 Submucosal Injection 
and Mucosotomy

The initial site for mucosotomy and tunneling is 
chosen based on the patient’s prior interventions. 
Our institution prefers to perform an anterior 
myotomy and reserves the posterior approach for 
those patients who have had a prior anterior 
myotomy. The position for initial submucosal 
dissection is therefore typically chosen on the 
anterior esophagus at a 12 to 1 o’clock position 
approximately 4–6  cm proximal to the planned 
starting point of the myotomy. An endoscopic 
injection needle is used to create a submucosal 

lift or bleb. This technique allows for hydro- 
dissection of the submucosal space by lifting the 
mucosa off of the underlying muscular layer. The 
solution used for injection is typically saline 
based but can also be a solution that is less easily 
absorbed such as hydroxypropyl methylcellulose 
or sodium hyaluronate. Next, a longitudinal 
mucosotomy is performed through the lifted 
mucosa with an endoscopic cautery knife on cut 
mode in order to reduce thermal spread (Fig. 
5.1a). The endoscope is fitted with an angled, 
transparent dissecting cap and is then used to 
bluntly enter the submucosal space through the 
mucosotomy.

 Submucosal Dissection 
and Tunneling

Once the endoscope is in the submucosal tunnel, 
the dissecting cap places the fibers between the 
layers on stretch, which facilitates dissection 
(Fig. 5.1b).The endoscopist proceeds with elec-
trocautery dissection caudally utilizing a special-
ized ESD electrosurgical knife. Most centers use 
either the Olympus triangle tip knife, or the Erbe 
hybrid knife. Additional saline injections along 
the path of the tunnel are performed to assist with 
endoscopic dissection. To prevent spiraling and 
maintain orientation while in the confined space 
of the submucosal tunnel, it is important to main-
tain the circular muscle layer in the anterior posi-
tion at all times during dissection. This also helps 
to prevent injury to the mucosa by allowing the 
mucosal flap to remain posterior while dissecting 
anteriorly close to the muscle fibers. Dissection 
in the submucosal tunnel should proceed until 
about 3 cm onto the gastric wall. The EGJ can be 
identified during the submucosal dissection in 
several ways, narrowing of the tunnel and 
mucosa/muscle interface, visualization of pali-
sading or large caliber blood vessels and the dis-
organized, oblique muscular fibers of the 
stomach, and comparison of scope position to 
pre-dissection endoscopic measurements, and a 
final confirmatory option is the use of a second 
endoscope to visualize positioning of the tun-
neled scope via retroflexion [16]. Extra care 
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should be taken during dissection at the EGJ as 
this is the most common location for inadvertent 
mucosal injury (Fig. 5.1c) [17].

 Myotomy

Once the submucosal tunnel across the EGJ is 
completed, the myotomy is performed. The 
length of the myotomy depends on a number of 
factors including the indication, the degree of 

esophageal dilation, and the Chicago 
Classification in the case of patients diagnosed 
with achalasia. Patients with Type III achalasia 
may benefit from a longer tunnel in order to per-
form a tailored extended myotomy based on find-
ings on preoperative HRM [18, 19]. Our 
institution performs a selective myotomy of the 
circular muscle fibers of the muscularis propria 
with preservation of the longitudinal fibers 
(Fig.  5.1d). The selective myotomy technique 
helps protect the mediastinal structures and is 

Fig. 5.1 Animated steps of per-oral endoscopic myot-
omy with representative endoscopic images (a) 
Mucosotomy. (b) Entry into the submucosal space with a 
clear dissecting cap. The muscle is oriented anteriorly or 
superior on the image and the mucosa is oriented posteri-
orly or inferior on the image. (c) Completion of endo-

scopic submucosal dissection and tunneling. (d) 
Beginning of myotomy of the circular muscle fibers. (e) 
Completed myotomy. (f) Closure of the mucosotomy with 
clips. (Animations reproduced with permission © Wolters 
Kluwer Health [20])

a b c
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thought to potentially lower the rates of post- 
myotomy reflux. The myotomy should begin at a 
position 6 cm proximal to the squamocolumnar 
junction and extend across the EGJ, 2–3 cm onto 
the stomach. During division of the circular 
fibers, the longitudinal muscle fibers will be seen 
underneath, but are typically quite thin and often 
get splayed or divided (Fig. 5.1e).

 Closure

Following completion of the myotomy, the endo-
scope is removed from the submucosal tunnel. 
The mucosotomy is closed with clips, which pro-
vide an efficient and secure closure (Fig. 5.1f). A 

sutured repair with an endoscopic suturing device 
is an alternative closure technique that some cen-
ters employ.

 Complications

POEM, when performed by experienced practi-
tioners, has low rates of associated complications 
[20]. However, there is a significant learning 
curve associated with performance of this proce-
dure, even for advanced endoscopists, as operat-
ing in the submucosal space is still an emerging 
technique. Perioperative complications, such as 
mucosal perforations and increased operative 
time, have been shown to be associated with the 

d e f

Fig. 5.1 (continued)
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operator learning curve [17, 21]. It is therefore 
recommended that the POEM novice first spend 
time observing an experienced practitioner, fol-
lowed by deliberate practice in simulation, cadav-
eric, and live animal models, in order to ensure 
proficiency with each step of the operation [22]. 
Finally, they may graduate to supervised perfor-
mance and, ultimately, independent performance 
of the POEM procedure. Only experienced inter-
ventional endoscopists who will have significant 
volume of cases should perform POEMs.

Bleeding is a common intraoperative compli-
cation that can make visualization in the small 
working space of the submucosal tunnel chal-
lenging. When bleeding is encountered, the oper-
ator must exercise control and diligence to 
achieve hemostasis. Mild bleeding can often be 
controlled with electrocautery, but when larger 
vessels are encountered, a coagulation grasper 
should be utilized. Bleeding that obscures visual-
ization requires the use of irrigation through 
either an external system or one of the dual ESD/
irrigation tools. The use of dilute epinephrine 
solution within the tunnel has also been described 
[23]. External pressure may also be applied 
requiring withdrawal of the endoscope from the 
submucosal tunnel and direct pressure to the tun-
nel from the intraluminal side. The use of intralu-
minal balloons such as those used for bleeding 
varices should be absolutely avoided given the 
risk of esophageal perforation in the setting of a 
new myotomy. Significant bleeding requiring 
conversion to a laparoscopic or open operation, 
or the transfusion of blood products is exceed-
ingly rare. Close communication with anesthesia 
to ensure that the patient’s systolic blood pres-
sure is maintained below 120  mmHg for the 
duration of the operation will help minimize 
engorgement of the delicate submucosal vessels.

Capnoperitoneum is a relatively common 
intraoperative event occurring in 20–40% of 
cases [21, 24]. However, it should not be consid-
ered a true complication unless it goes unrecog-
nized and leads to abdominal compartment 
syndrome. Capnoperitoneum is diagnosed when 
progressive abdominal distension occurs despite 
adequate gastric decompression. A Veress needle 
should be used for abdominal decompression in 

these cases, which is a simple and effective treat-
ment. Capnothorax is uncommon and when 
encountered, resulting hemodynamic compro-
mise is extremely unlikely [25, 26]. However, we 
still recommend tools necessary for rapid decom-
pression of the chest be readily available during 
performance of a POEM.

 Postoperative Care

Routine postoperative care following POEM may 
vary slightly depending on institution. Our insti-
tutional practice following POEM is to allow a 
clear liquid diet on the evening of postoperative 
day zero as long as the patient is not affected by 
postoperative nausea. All patients are discharged 
on a proton-pump inhibitor that continues until 
six months postoperatively at which time, formal 
pH testing is performed. Patients are typically 
discharged on postoperative day one; however, 
some patients may feel well enough to leave on 
the day of surgery. Some centers are moving 
toward outpatient, same-day discharge for 
POEMs due to the brief recovery period. We 
allow advancement to a mechanical soft diet 1 
week following surgery and solid foods 3 to 4 
weeks postoperatively. Routine outpatient fol-
low- up commences at two to four weeks and sub-
sequently six months at which time, in addition 
to pH testing, patients undergo symptom assess-
ment, endoscopy, HRM, and a TBE. Due to the 
low specificity for clinically relevant complica-
tions, our institution no longer obtains an imme-
diate postoperative esophagram; however, we 
would recommend routine use in the early POEM 
experiences for the novice practitioner [27].

 Outcomes

POEM has been refined over the past decade 
since it was first used clinically in 2008. The 
procedure has been shown to be safe and effec-
tive with a perioperative complication profile 
similar to standard of care interventions [20, 
28–31]. As previously discussed, the vast major-
ity of perioperative complications arise while 
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the endoscopist is in the early stages of the 
learning curve [17, 20, 23]. Major complica-
tions such as esophageal perforation, pneumo-
thorax, or complications requiring reintervention 
occur in less than 1% of patients [32]. POEM 
has also been shown to have a significant reduc-
tion in convalescence period when compared to 
laparoscopic Heller myotomy that results in 
shorter hospital length of stay [20, 33–36]. As 
already mentioned, some centers have even 
transitioned to performing POEM as an outpa-
tient procedure with same-day discharge.

Symptomatic improvement following POEM 
has been demonstrated as comparable to standard 
of care treatments with excellent improvement in 
dysphagia and regurgitation in the short- and 
moderate-term [30, 33, 37–39]. Follow-up at 
1–2 years showed symptomatic success (Eckardt 
score ≤ 3) in 90–95% of patients. This success 
remained over 80% at five years, which is com-
parable to the five-year outcomes of laparoscopic 
Heller myotomy and pneumatic dilation [7, 24, 
30, 40]. Several studies have shown that POEM 
may offer superior symptomatic outcomes for 
patients with Type III achalasia due to its ability 
to perform an extended proximal esophageal 
myotomy compared to LHM [18, 19].

Physiologic parameters have also been dem-
onstrated to be improved following POEM. Basal 
EGJ pressure as measured on HRM was shown to 
be significantly reduced [40–42]. Postoperative 
impedance planimetry demonstrated sustained 
reductions in the EGJ distensibility index [43]. 
Timed barium esophagram revealed improve-
ments in barium retention [44]. Monitoring of 
physiologic parameters by EGD, HRM, and TBE 
is encouraged at 2- to 3-year intervals 
postoperatively.

Post-myotomy gastroesophageal reflux dis-
ease (GERD) was an early concern for 
POEM. Heller myotomy employs a partial fun-
doplication following myotomy to minimize 
postoperative reflux, while POEM has no such 
anti-reflux component. However, a theorized 
advantage to POEM is the lack of surgical dis-
ruption of the body’s natural anti-reflux anatomy, 
namely, the angle of His and the phreno- 
esophageal ligament. GERD has multiple clini-

cal assessment tools including subjective 
symptom questionnaires and objective measure-
ments such as pH monitors and endoscopic eval-
uation. There is no standardization among 
centers regarding which evaluative measures to 
use, which limits comparative studies across 
institutions. An additional complicating factor 
remains the challenge of patient compliance 
with postoperative physiologic studies [20, 34, 
40]. The most robust long- term outcomes data 
have estimated rates of GERD symptoms post-
POEM at 20–30% [23]. The rates of endoscopic 
esophagitis and positive pH studies were higher 
at 30–56% and 40–60%, respectively [23]. These 
values are slightly higher compared to rates of 
reflux after LHM with partial fundoplication, 
which are reported at 21–42% in well-controlled 
studies [8, 45]. Fortunately, post-myotomy reflux 
is readily controlled on an anti-secretory medi-
cation and in long-term follow- up rarely requires 
intervention [28, 40].

 Conclusion

POEM is a procedure that evolved from advances 
in endoscopic interventions and the advent of 
submucosal surgery. Over the past decade, 
POEM has been shown to be a safe and effective 
procedure for the treatment of achalasia. Due to 
the rarity of achalasia, POEM should remain a 
procedure performed at high-volume tertiary and 
quaternary care centers by advanced interven-
tional endoscopists. Novice proceduralists who 
wish to perform this procedure should undergo 
graduated introduction to POEM to minimize 
learning curve-associated complications. Robust 
short- and moderate-term outcomes data rival 
current standard of care therapies. Long-term 
data is emerging from several centers of excel-
lence with encouraging results. Patients have 
already begun to seek out POEM over Heller 
myotomy due to the advantages of a shorter con-
valescence period with preserved effectiveness 
and durability. As more long-term data is pub-
lished, POEM might become the preferred initial 
treatment of achalasia and similar esophageal 
motility disorders.
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Laparoscopic Heller Myotomy 
with Partial (Dor) Fundoplication

Francisco Schlottmann, Marco Di Corpo, 
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 Introduction

Esophageal achalasia is a primary esophageal 
motility disorder characterized by the absence of 
esophageal peristalsis and failure of the lower 
esophageal sphincter to relax in response to swal-
lowing. Achalasia is rare disease, with an inci-
dence of about 1 in 100,000 individuals that occurs 
with equal frequency in men and women [1].

The pathophysiology of the disease involves 
the selective degeneration of inhibitory neurons 
of the esophageal myenteric plexus, which are 
needed for the peristalsis of the smooth muscle 
of the esophageal body, as well as for the relax-
ation of the tonic lower esophageal sphincter 

(LES) [2]. Dysphagia, regurgitation, heartburn, 
and chest pain are the most frequent symptoms 
in achalasia patients.

There are no curative therapies for achalasia. 
Treatment is palliative and is directed toward 
decreasing the outflow resistance at the level of 
the gastroesophageal junction caused by a non- 
relaxing and often hypertensive LES. Currently, a 
laparoscopic Heller myotomy (LHM) with a par-
tial fundoplication is considered the best treat-
ment modality.

A properly executed operation is key for the 
success of LHM.

 Laparoscopic Heller Myotomy 
Technique

 Position of the Patient

After induction of general endotracheal anesthesia, 
the patient is positioned supine in low lithotomy 
position with the lower extremities extended on 
stirrups, with knees flexed 20°–30°. To avoid slid-
ing due to the steep reverse Trendelenburg position 
used during the entire procedure, a beanbag is 
inflated to create a “saddle” under the perineum. 
Pneumatic compression stockings are always used 
as prophylaxis against deep vein thrombosis (par-
ticularly important as the increased abdominal 
pressure secondary to the pneumoperitoneum and 
the steep Trendelenburg position decrease venous 
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return). Subcutaneous heparin is also used. The 
surgeon stands between the patient’s legs, and the 
first and second  assistants on the right and left side 
of the operating table, respectively (Fig. 6.1).

 Trocar Placement

Five 10-mm ports are used for the procedure. The 
first port is placed about 14 cm below the xiphoid 
process; it can be also placed slightly to the left of 
the midline to be in line with the hiatus. This port 
is used for insertion of the scope. The second port 
is placed in the left midclavicular line at the same 
level of port 1, and it is used for the insertion of a 
Babcock clamp for traction and the instrument 
used to take down the short gastric vessels. The 
third port is placed in the right midclavicular line 
at the same level of the other two ports, and it is 

used for the liver retractor. The fourth and fifth 
ports are placed under the right and left costal 
margins so that their axes and the camera form an 
angle of about 120°. These ports are used for the 
insertion of graspers, scissors, and dissecting and 
suturing instruments (Fig. 6.2).

Key Note Care must be taken not to place the tro-
cars too low. This can make the operation more 
challenging (e.g., difficult to take down the more 
proximal short gastric vessels or inability to reach 
the gastroesophageal junction with the Babcock).

 Division of Gastrohepatic Ligament 
and Identification of Right Crus 
of the Diaphragm and Posterior 
Vagus Nerve

After the left segment of the liver is retracted and 
the gastroesophageal junction is exposed, the 
gastrohepatic ligament is divided. We begin the 
dissection above the caudate lobe of the liver and 

Anesthesiologist

MonitorMonitor

2nd assistant

Surgeon

Scrub nurse

1st assistant

Fig. 6.1 Position of the patient. (Reprinted with permis-
sion © Springer Nature [6])
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Fig. 6.2 Position of trocars for laparoscopic Heller 
myotomy
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continue proximally until the right crus is identi-
fied. The crus is then separated from the esopha-
gus by blunt dissection and the posterior vagus 
nerve is identified.

Key Note An accessory left hepatic artery orig-
inating from the left gastric artery can be 
encountered, which can be usually safely 
divided. The electrocautery should be used with 
caution next to the right pillar of the crus 
because the lateral spread of the current may 
injure the posterior vagus nerve.

 Division of Peritoneum 
and Phrenoesophageal Membrane 
Above the Esophagus 
and Identification of the Left Crus 
of the Diaphragm and Anterior Vagus 
Nerve

The peritoneum and the phrenoesophageal 
membrane above the esophagus are divided and 
the anterior vagus nerve is identified. The left 
pillar of the crus is separated from the esopha-
gus. Dissection is limited to the anterior and lat-
eral aspects of the esophagus, and no posterior 
dissection is needed if a Dor fundoplication will 
be performed.

Key Note Care must be taken not to damage the 
anterior vagus nerve or the esophageal wall. For 
this reason, the nerve should be left attached to 
the esophageal wall, and the peritoneum and the 

phrenoesophageal membranes should be lifted 
from the esophageal wall by blunt dissection 
before they are divided.

 Division of Short Gastric Vessels

The short gastric vessels are taken down all the 
way to the left pillar of the crus, starting from a 
point midway along the greater curvature of the 
stomach (Fig. 6.3).

Key Note Bleeding from the gastric vessels or 
the spleen is usually caused by excessive traction 
or by transection of a vessel not completely 
sealed. In addition, damage of the gastric wall 
can be caused by the grasping instruments or by 
burn from the electrocautery.

 Esophageal Myotomy

First, the fat pad over the esophageal and gastric 
walls should be removed in order to expose the 
gastroesophageal junction. A Babcock clamp is 
then applied over the junction, and the esopha-
gus is pulled downward and to the left in order 
to expose the right side of the esophagus. The 
myotomy is performed at the 11 o’ clock posi-
tion and is started about 3 cm above the gastro-
esophageal junction by reaching the proper 
submucosal plane. The myotomy is then 
extended proximally for about 6 cm above the 
esophagogastric junction, and distally for about 

Fig. 6.3 Division of short gastric vessels
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2.5  cm onto the gastric wall. Thus, the total 
length of the myotomy is typically about 8.5 cm 
(Fig.  6.4). Extending the myotomy downward 
on the gastric wall is key to deal thoroughly 
with the non-relaxing LES [3].

Key Note The myotomy should not be started 
close to the esophagogastric junction, because 
at this level, the layers are often poorly defined, 
particularly if prior dilations or botulinum toxin 
injections have been performed. Once the sub-
mucosal plane is reached above the esophago-
gastric junction, it is easier to extend the 
myotomy proximally and distally. There are 
many instruments that can be used to perform 
the myotomy. We prefer an electrocautery with 
a 90° hook, as it allows careful lifting and divi-
sion of the circular fibers. If bleeding occurs 
from the cut muscle fibers, gentle compression 
is preferable to electrocautery. Any perforation 
should be repaired using a fine absorbable suture 
material (4-0 or 5-0).

 Dor Fundoplication

The Dor fundoplication (180° anterior) has two 
rows of sutures, one left and one right. The left 
row comprises three stitches: the uppermost 
stitch incorporates the fundus of the stomach, 
the esophageal wall, and the left pillar of the 
crus; the other two incorporate the stomach 

and the esophageal wall (Fig. 6.5). The gastric 
fundus is then folded over the exposed mucosa, 
so that the greater curvature is next to the right 
pillar of the crus. The second row of stitches 
comprises three stitches between the fundus 
and the right pillar of the crus, and two addi-
tional stitches between the superior aspect of 
the fundoplication and the rim of the esopha-
geal hiatus (Fig.  6.6). These last stitches 
remove any tension from the second row of 
sutures.

The decision between a Dor fundoplication 
(180° anterior) and a Toupet fundoplication 
(270° posterior) is usually based on the sur-
geon’s preference. The advantages of a Dor 
fundoplication are that it does not require pos-
terior dissection (avoiding a possible injury to 
the posterior vagus nerve) and covers the 
exposed esophageal mucosa. The advantages 
of a Toupet fundoplication are that it keeps the 
edges of the myotomy separated and theoreti-
cally may provide better reflux control. Two 
randomized controlled trials tried to identify 
which fundoplication was most beneficial for 
patients and found no significant difference in 
control of symptoms and similar postoperative 
reflux profiles with both types of fundoplica-
tion [4, 5].

Key Note It is important to take down the short 
gastric vessels to obtain a fundoplication without 
tension.

Fig. 6.4 Heller myotomy Fig. 6.5 First (left) row of stitches of Dor fundoplication
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b

a

Fig. 6.6 (a, b) Dor fundoplication
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 Conclusion

A properly executed laparoscopic Heller myot-
omy is an effective and long-lasting treatment for 
patients with achalasia. Technical elements of the 
procedure should be carefully respected to obtain 
symptomatic relief and avoid postoperative 
complications.

Conflict of Interest The authors have no conflict of inter-
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 Introduction

Achalasia is a rare disease with a prevalence tra-
ditionally assumed to be 1 in 100,000 individuals 
[1]. Recent data, however, have shown that the 
prevalence is at least two- to threefold greater 
than previous estimates [2]. The incidence 
increases with age and has an equal distribution 
across gender and race [1, 3, 4].

Achalasia is a chronic and progressive disease 
characterized by lack of esophageal peristalsis 
and partial or absent relaxation of the lower 
esophageal sphincter (LES) in response to swal-
lowing [5, 6]. The most common form of achala-
sia is idiopathic [7, 8]. The pathophysiology of 

achalasia involves the selective degeneration of 
inhibitory neurons of the esophageal myenteric 
plexus, which are needed for peristalsis of the 
smooth muscle of the esophageal body, as well as 
relaxation of the tonic LES [9]. Regardless of the 
cause, the lack of peristalsis and the non-relaxing 
LES affect the emptying of food from the esoph-
agus into the stomach and eventually cause dila-
tation and tortuosity of the esophageal body [10]. 
Consequently, the transit of the food into the 
stomach is impaired, and patients typically expe-
rience dysphagia, regurgitation, and respiratory 
symptoms (cough, wheezing, aspiration, pneu-
monia) [1]. Additionally, an increased risk of 
squamous esophageal cancer has been identified, 
albeit very low [11]. Treated patients who develop 
GER also have an increased risk of developing 
Barrett’s esophagus and adenocarcinoma [12].

Therapy is palliative, and it is directed toward 
decreasing outflow resistance caused by the dys-
functional LES. Smooth muscle relaxants such as 
calcium blockers and long-acting nitrates [13] or 
endoscopic injection of botulinum toxin into the 
LES have limited effect [14]. Endoscopic dilata-
tion, per-oral endoscopic myotomy (POEM), and 
laparoscopic myotomy are the treatment modali-
ties most commonly used [3, 15].

Previous studies have reported better long- 
term outcomes with surgical myotomy than with 
medical therapy or pneumatic dilatation (PD) 
[16, 17], and the superiority of LHM over PD 
was confirmed by three meta-analyses [18–20]. 
Patti and colleagues also demonstrated the supe-
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riority of LHM, describing it as the gold stan-
dard treatment for most of achalasia patients [6, 
21], and LHM is proposed on SAGES guidelines 
as a safe and low-risk procedure for controlling 
dysphagia and improving quality of life in the 
majority of the patients (recommendation ++++, 
strong evidence) [13].

Although LHM has been previously demon-
strated to have positive long-term outcomes for 
achalasia patients (>90% long-term dysphagia 
relief [22]) [3, 13, 17, 23], it is recognized that a 
fundoplication is needed after LHM to prevent 
GERD [24, 25]; this lesson was learned during 
the evolution of minimally invasive procedures 
for achalasia from thoracoscopic to laparoscopic 
approach [26, 27]. For example, Richards and 
colleagues reported 47.6% pathologic reflux at 
6-month follow-up after LHM alone but 9.1% 
only when a Dor fundoplication was added [28]. 
The value of a fundoplication has been confirmed 
by other studies [29–31].

This chapter reviews the pros and cons of the 
different types of fundoplication after LHM and 
the technical recommendations for posterior par-
tial fundoplication.

 Fundoplication: Yes or No

In 1956, Rudolph Nissen popularized a 360° fun-
doplication for the treatment of GER [32], but it 
was not until 1962 that J.  Dor from Marseille, 
France, proposed the “technique de Heller- 
Nissen modifiee” for the prevention of reflux 
after a Heller cardiomyotomy [33]. This opera-
tion was performed through a transabdominal 
approach, and the left side of the myotomy was 
sutured to the anterior wall of the stomach, which 
was then folded anteriorly and secured to the 
right edge of the myotomy with another row of 
sutures. In 1963, a posterior partial fundoplica-
tion after Heller myotomy was devised by André 
Toupet [34]. These techniques were proposed as 
a means to limit gastroesophageal reflux while 
still allowing relief of dysphagia.

As minimally invasive techniques were 
developing for Heller myotomy, the value of 

adding a fundoplication was still uncertain. On 
one side of the debate, several authors argued 
that a fundoplication was not needed after 
Heller myotomy as it would cause recurrence of 
dysphagia due to lack of peristalsis [35, 36]. 
Others were proponents of routine fundoplica-
tion after LHM.

In 2003, Falkenback and colleagues reported a 
prospective randomized trial in 20 open Heller 
myotomy patients comparing those with and 
without floppy Nissen fundoplication [37]. At 
>3-year follow-up, the authors found pathologic 
GER by pH testing in 13.1% of the no- 
fundoplication group and only in 0.15% of the 
fundoplication group.

In 2004, Richards and colleagues, in a pro-
spective randomized double-blind clinical trial, 
demonstrated that LHM with Dor fundoplica-
tion was superior to Heller alone for incidence 
of postoperative GER evaluated by 24-hour pH 
monitoring after surgery [28]. In addition, a 
large-scale meta-analysis including more than 
3000 patients after LHM found the incidence of 
postoperative GER was notably higher when no 
fundoplication was performed (32% vs. 9%) 
[18]. On the basis of these high-level data, 
LHM with fundoplication is considered in most 
centers worldwide as the gold standard for the 
surgical treatment of patients with esophageal 
achalasia.

 LHM and Fundoplications: Total or 
Partial?

Among those who were proponents of a fundo-
plication after LHM for achalasia, there was dis-
agreement over the type of fundoplication. 
Since a floppy total fundoplication has been 
shown to be effective in cases of weak esopha-
geal peristalsis [38], some authors initially tried 
to apply total fundoplication after LHM [37, 
39]. However, since achalasia is a state of aperi-
stalsis, others argued that total fundoplication 
would create too much resistance, impeding 
esophageal emptying and causing persistent or 
recurrent dysphagia [31, 40]; they pointed out 
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that partial fundoplication compares favorably 
with total fundoplication for GER control with 
less postoperative dysphagia [41]. In the litera-
ture, there are a few case series and retrospec-
tive comparative studies, and one randomized 
trial comparing partial and total fundoplication 
after LHM.

Case series are conflicting. Topart and col-
leagues [42] found recurrent dysphagia in 82% 
of patients 10 years after LHM and total fundo-
plication, while Rossetti et  al. [43] reported 
excellent dysphagia relief in >90% and no GER 
at mean follow-up of 83  months. Di Martino 
and colleagues [44] performed a retrospective 
comparative study between well-matched 
patients who had anterior versus posterior fun-
doplication after LHM. After 2-year follow-up, 
they reported similar GER and dysphagia 
symptom scores, with lower GEJ pressures and 
higher distal esophageal acid after partial 
fundoplication.

Rebecchi and colleagues ran a prospective, 
randomized trial comparing Dor to Nissen fun-
doplication after Heller myotomy [41]. They 
enrolled 144 patients: 72 had a partial anterior 
fundoplication and 72 underwent a total fundo-
plication. At a 5-year follow-up, the incidence 
of GER was low and similar in the two groups, 
but 15% of patients after Nissen fundoplication 
had dysphagia compared to only 2.8% after Dor 
fundoplication.

Similar findings have been recently confirmed 
by several groups, which show LHM with fundo-
plication results in relief of dysphagia symptoms 
with a low incidence of postoperative GER, 
resulting in an improved quality of life. Moreover, 
they highlight that the relief of dysphagia is not 
hampered by the addition of a partial fundoplica-
tion [17, 30, 45]. In addition, a recent review 
paper details how several early proponents of 
total fundoplication have altered their recom-
mendations after recognizing late esophageal 
decompensation may cause recurrence of dys-
phagia [40].

Therefore, today there is a general consensus 
that a 360° wrap after LHM can lead to an 
increased rate of postoperative dysphagia [3, 13]. 

As stated by the 2018 International Society for 
Diseases of the Esophagus (ISDE) guidelines [3], 
laparoscopic Heller myotomy with partial fundo-
plication should be considered the procedure of 
choice for esophageal achalasia, as it attains the 
best balance between relief of dysphagia and pre-
vention of reflux.

 LHM and Fundoplications: Anterior 
or Posterior?

What type of partial fundoplication to use is 
still unclear. To date, two randomized con-
trolled trials and a meta-analysis have addressed 
this question. Rawlings and colleagues [30] 
randomized 60 patients having LHM to either 
Dor fundoplication (n = 36) or Toupet fundopli-
cation (n  =  24). After 1-year follow up, they 
concluded that there was no significant differ-
ence in control of symptoms between the two 
groups, and although there was a higher per-
centage of patients with abnormal 24-h pH test 
results in the Dor group, the difference was not 
statistically significant.

Kumagai and colleagues [46] randomized 42 
patients to either a Dor fundoplication (n = 20) or 
a Toupet fundoplication (n = 22) after LHM and 
looked at outcomes over the first year. There was 
no significant difference in the incidence of post-
operative gastroesophageal reflux by pH testing, 
and at 1 year, Eckardt scores dramatically 
improved after both procedures, but certain func-
tional scores and emptying as assessed by timed 
barium esophagram were relatively better after 
Toupet.

Results from a meta-analysis that studied par-
tial anterior vs. partial posterior fundoplication 
after LHM encompassed almost 3000 patients 
[47]. The authors concluded that the addition of 
fundoplication reduced postoperative GER rates 
in both groups with no significant difference and 
that the partial posterior fundoplication may be 
associated with significantly lower reintervention 
rates for postoperative dysphagia.

Notably, some surgeons prefer the partial 
posterior Toupet (~270°) fundoplication because 
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it keeps the edges of the myotomy separated, 
thus reducing the risk of recurrent dysphagia 
[48, 49]. Other experts suggest that the use of a 
partial anterior Dor (~180°) fundoplication 
allows limited hiatal dissection avoiding disrup-
tion of anatomic structures that help control 
GER and allows coverage of the exposed esoph-
ageal mucosa [31, 50].

 Technical Recommendations

 Laparoscopic Heller Myotomy 
with Posterior Partial Fundoplication

Pneumo peritoneum is established, and a five-
port technique is used. Reverse Trendelenburg 
position is helpful. The left liver is elevated with 
a table-mounted retractor. The gastrohepatic 
omentum is opened (Fig.  7.1) and the phreno-
esophageal membrane is divided (Fig. 7.2), tak-
ing care to avoid the anterior vagus nerve and 

esophagus. The diaphragmatic crura are circum-
ferentially dissected away from the gastro-
esophageal junction (Fig. 7.3). The greater 
curvature of the stomach is mobilized, and the 
esophagus and both vagus nerves are encircled 
with a Penrose drain (Fig. 7.4).

Before creating the fundic wrap, the GEJ fat 
pad is reflected or resected (Fig. 7.5), and then a 
longitudinal seromuscular incision is made start-
ing either just below or just above the GE junc-
tion. Longitudinal and circumferential muscle 
fibers are divided until mucosa is visualized. The 
myotomy is extended 6  cm above the GEJ and 
2–3 cm distally onto the stomach (Fig. 7.6a, b), 
taking precautions to avoid the anterior vagus 
nerve. One possible risk of Heller myotomy is 
mucosal perforation. Patients previously treated 
for achalasia, by either pneumatic dilation or bot-
ulinum toxin, are at greater risk. Intraoperative 
injuries are repaired immediately with absorb-
able sutures, usually without additional morbid-
ity. Many surgeons routinely assess mucosal 
integrity at the completion of the myotomy by 
instillation of methylene blue or air. If a perfora-
tion is repaired, usually a Dor fundoplication is 
chosen as the stomach will cover the area of 
repair.

The diaphragmatic crura are then reapproxi-
mated posterior to the esophagus. Then, the gas-
tric fundus is passed through the retroesophageal 
window, and a ~240-degree partial posterior 
hemifundoplication is fashioned with the fundus 
anchored to the cut edges of the esophageal mus-
cle to help maintain their separation.

Fig. 7.1 Division of gastrohepatic ligament

Fig. 7.2 Division of phrenoesophageal membrane

Fig. 7.3 Circumferential exposure of the esophagus
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 Conclusions

The body of scientific evidence supports use of a 
partial fundoplication after Heller myotomy for 
patients with achalasia. The literature fails to 
show any significant difference between partial 
anterior and posterior fundoplication. In the 

absence of further large randomized controlled 
trials, the decision of performing an anterior or a 
posterior wrap is based on the surgeon’s experi-
ence and preference [29].

Conflict of Interest The authors have no conflict of inter-
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Fig. 7.4 Division of short-gastric vessels

Fig. 7.5 Exposure of the gastroesophageal junction

a b

Fig. 7.6 (a) Starting the myotomy; (b) 6 cm myotomy
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Epiphrenic Diverticula: Diagnosis 
and Management

Jennifer A. Minneman and Andrew S. Wright

 Background

Epiphrenic diverticula (ED) are mucosal out-
pouchings occurring in the distal 10  cm of the 
esophagus. Like Zenker’s diverticula, epiphrenic 
diverticula are pulsion diverticula and do not 
include all layers of the esophageal wall. They 
are associated with esophageal motility disor-
ders, and the diverticulum is considered second-
ary to the motility disorder. These diverticula are 
quite rare with less than 120 operations for this 
disease performed annually in the United States 
[1], and therefore evidence in the management of 
this disease is limited and primarily based on 
small case series and expert opinion.

Although achalasia is found in up to 57% of 
patients undergoing workup for ED [2–5], 
patients may also be diagnosed with distal esoph-
ageal spasm and hypercontractile peristalsis (nut-
cracker esophagus). Although Mondiere first 
proposed a link between diverticula and motility 
in 1833 [6], it was not until the 1960s that Belsey 
and Effler [7, 8] began addressing the motility 
disorder in the management of the diverticulum. 
Today, modern treatment of ED centers around 
management of the underlying motility disorder, 
typically through myotomy with or without 
resection of the diverticulum.

 Evaluation

If an ED is suspected based on symptoms or inci-
dental imaging, the remainder of the workup pro-
ceeds with an upper GI (UGI) series, esophageal 
manometry, and esophagogastroduodenoscopy 
(EGD). An UGI series (Fig. 8.1) is often the first 
study to establish the diagnosis of ED and can 
offer crucial information for surgical planning, 
such as size of the diverticulum, width and loca-
tion of the neck, and whether the diverticulum is 
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on the left or right side of the esophagus. UGI 
series can also demonstrate signs of esophageal 
dysmotility, including disordered contractions, a 
bird’s beak or corkscrew esophagus, or other ana-
tomic details such as hiatus hernia or intrinsic or 
extrinsic stricture of the esophagus.

It is often difficult to distinguish between 
symptoms of an ED and the underlying motility 
disorder. Dysphagia, regurgitation, chest pain, 
and aspiration can all be seen in both conditions, 
and in fact there does not seem to be a correlation 
between the size of an epiphrenic diverticulum 
and symptom severity [9]. All patients with ED 
should therefore undergo esophageal manometry 
in order to ascertain the extent of the disordered 
peristalsis and to guide treatment options and 
expectations. Conventional manometry fails to 
identify motility disorders in up to 40% of 
patients with epiphrenic diverticula [5, 10].

An extended 24-hour ambulatory manometry 
may reveal more subtle motility disorders missed 
in conventional manometry. In one small series, 6 
of 21 patients (28%) needed 24-hr manometry to 
identify the underlying motility issue  – 4 with 
diffuse esophageal spasm and 2 with a nonspe-
cific motor disorder [11]. Some authors therefore 
recommend this extended 24-hr manometry in 
patients with normal initial motility studies [5, 
11]. This may be obviated by the emergence of 
high-resolution manometry, which is more sensi-
tive than conventional manometry. High- 
resolution manometry (Fig. 8.2) has been shown 
in one small series to detect abnormal motility in 
all patients studied, including subtle unnamed 
motility disorders that would have been missed in 
conventional manometry [12]. Some surgeons 
argue that a normal manometry does not preclude 
the need for the myotomy. Therefore, it is unclear 
if patients with “normal” manometry need any 
additional evaluation of their motility.

Rarely ED may be due to traction, typically 
from an extrinsic tumor, or pulsion against “pseu-
doachalasia” from an obstructing esophageal 
mass. There is at least one case report of diver-
ticulum arising from pseudoachalasia due to lap-
aroscopic adjustable gastric banding for obesity 
[13]. Upper endoscopy allows for detection of 
mucosal lesions, including premalignant lesions 

(Barrett’s), ulcers, or malignancy in the esopha-
gus, diverticulum, or stomach. Performing the 
UGI prior to the EGD allows the endoscopist to 
be aware of the epiphrenic diverticulum and 
therefore reduces the risks of blindly intubating 
and potentially perforating it. If there is any con-
cern for possible traction diverticula, chest imag-
ing is critical to evaluate for thoracic infection or 
malignancy. This is more common with mid- 
esophageal diverticula than with true epiphrenic 
diverticula.

 Watchful Waiting

Up to 40% of diverticula are asymptomatic or 
minimally symptomatic [14]. This is relevant as 
an asymptomatic diverticulum may be left in 
place without treatment. There are no surveil-
lance recommendations for patients with known 
ED that are being observed with watchful waiting 
[14]. There have been rare case reports of sponta-
neous rupture [15], bleeding [16], and squamous 
cell carcinoma (SCC) in epiphrenic diverticula 

Fig. 8.2 High-resolution manometry from the same 
patient, with panesophageal pressurization consistent 
with type II achalasia

J. A. Minneman and A. S. Wright



63

[17]. The risk of SCC in ED has been estimated 
to be 0.6% and likely attributable to stasis and 
inflammation within the diverticulum [17]. 
Patients with a known ED presenting with wors-
ening odynophagia, regurgitation, or hemateme-
sis should be evaluated for malignant 
transformation.

Even if a patient is symptomatic, management 
of the motility disorder alone without diverticu-
lectomy may be sufficient, if these symptoms are 
thought to be due to the underlying motility dis-
order and not the diverticulum. For example, 
Zaninotto et  al. [5, 10] reported on 19 patients 
with ED for whom they either did not intervene 
[15] or performed only a pneumatic dilation [3]. 
The patients who underwent pneumatic dilation 
had improved symptom scores. Two of the non- 
intervention group eventually progressed on to 
need surgery. In the remaining 14 patients, how-
ever, symptoms were unchanged over the follow-
 up period (median 46  months).The authors 
concluded that surgery could be avoided in 
patients who were asymptomatic or minimally 
symptomatic with small diverticula. There are 
also case reports of botulinum toxin [18] or 
esophageal stents [19] used in symptomatic 
patients thought to be too high risk to undergo 
definitive surgical management.

 Laparoscopic Management

The key element of surgical management of ED 
is myotomy of the esophagogastric junction with 
extension to at least to the base of the diverticu-
lum. Although the historic management of esoph-
ageal diverticula was through the chest, with the 
advent of laparoscopy, most foregut surgeons 
now prefer a laparoscopic approach. The laparo-
scopic approach avoids single-lung ventilation, 
the morbidity of a thoracotomy or thoracoscopy, 
and the need for a chest tube. In addition to 
reduced trauma and faster recovery, the laparo-
scopic approach allows easier access to the GE 
junction and therefore an extended myotomy 
onto the cardia of the stomach, which in achala-
sia has been shown to reduce the risk of recurrent 
dysphagia  [20]. A laparoscopic approach also 

allows for a more-easily performed partial fundo-
plication if desired.

There are a number of controversies in laparo-
scopic management of diverticula, including the 
extent of the myotomy, the need for diverticulec-
tomy, and the need for antireflux procedure. 
Because this is a relatively rare disorder, most 
case series are small, and there is little evidence 
to guide these decisions.

Given the diversity of motility disorders that 
have been associated with epiphrenic diverticula, 
including disorders of the esophageal body with 
a normal lower esophageal sphincter, there has 
been disagreement among surgeons about the 
extent of the myotomy that is required. In partic-
ular, when a thoracic approach was favored, there 
was enthusiasm for sparing the lower esophageal 
sphincter (LES) in patients without achalasia or 
other disorders of the LES in the hopes of avoid-
ing postoperative reflux. However, with the grow-
ing popularity of the laparoscopic approach with 
its easier extension onto the stomach and ability 
to add an antireflux procedure, complete myot-
omy of the LES even in non-achalasia patients 
has become well-established [5].

In our opinion, and based on the achalasia lit-
erature [20], the myotomy should extend distally 
for 3 cm on to the stomach. Proximally the myot-
omy should extend at least to and preferably 
beyond the base of the diverticulum. If the myot-
omy does not extend proximally past the base of 
the diverticulum, there is increased risk of recur-
rence [21]. There are some anecdotal reports of 
using intraoperative esophageal distensibility to 
guide the extent of myotomy using the Endoflip 
TM device (Medtronic Inc.); however to our 
knowledge, this has not yet been published in the 
literature or shown to improve outcomes. The 
myotomy itself should not go to the base of the 
diverticulum itself, as this risks perforation of the 
diverticulum. Instead, most surgeons will per-
form the myotomy at least 1–2 cm lateral to the 
base of the diverticulum.

The need for a diverticulectomy is also 
debated, as in many patients symptoms are not 
due to the diverticulum but instead to the under-
lying motility disorder. In some patients, diver-
ticulectomy may not add any benefit and only 
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add risk due to the potential morbidity of a staple 
line leak. The actual rate of staple line leak is 
unclear but is reported to be 0–23% [3, 5, 22, 23]. 
On the other hand, a large diverticulum that does 
not drain well may cause trapping of food with 
fermentation, chest pressure and pain, and regur-
gitation. Patti’s group reported a series of 13 
patients undergoing myotomy for diverticulum, 6 
with diverticulectomy and 7 without [24]. In the 
patients not undergoing resection, 3 were because 
the diverticulum was small and 4 were due to the 
diverticulum being too proximal or too adherent 
to fully dissect. Symptom control was excellent 
and equivalent in both groups, indicating that 
myotomy alone may be sufficient in selected 
patients.

In our practice, we carefully examine the pre-
operative dynamic cine films from the upper GI 
series. In a patient with a named motility disorder 
like achalasia, classic achalasia symptoms, and a 
small wide-mouthed diverticulum, we may plan 
to leave the diverticulum alone. We may also 
elect for myotomy alone if the patient is frail, and 
we judge that they could not tolerate a complica-
tion like a staple line leak. Intraoperatively we 
may decide on myotomy alone if operation is too 
technically challenging, for example, with a 
diverticulum higher in the chest. On the other 
hand, in patients where the primary symptoms 
seem to be from the diverticulum itself or if the 
diverticulum is large, is poorly draining, or has a 
narrow neck, we will be more aggressive in per-
forming a diverticulectomy.

Because we routinely perform our myotomy 
across the GE junction onto the cardia of the 
stomach, we feel that a fundoplication is required 
to minimize the risk of postoperative reflux. A 
randomized trial of Dor vs. Toupet fundoplica-
tion in achalasia showed no difference in postop-
erative reflux, so either procedure may be 
performed based on the surgeon’s preference 
[25]. Although that study showed no significant 
differences, there were non-significant trends in 
favor of posterior (Toupet) fundoplication. In our 
practice, we prefer a Toupet except in the rare cir-
cumstance of concern for possible mucosal 
injury, in which case we perform a Dor to help 
cover the mucosa.

Outcomes of laparoscopic management of ED 
are generally good. In one of the larger case 
series, Heniford’s group at Carolinas reported on 
27 patients over 20 years [5], all of whom under-
went diverticulectomy, 90% with myotomy and 
85% with antireflux procedure. There were no 
leaks, no mortality, and no recurrence with 
median follow-up of 36  months. Symptoms 
resolved in 89% of patients, with 11% having 
some residual dysphagia.

 Technical Aspects of Laparoscopic 
Approach

We approach myotomy with or without resec-
tion exactly as we do a myotomy for achalasia 
as has been previously described by our group 
[26]. Briefly, preoperative preparation includes 
3 days of clear liquid diet and an extended fast-
ing period due to the risk of aspiration. Careful 
communication with anesthesia is required, and 
we recommend rapid sequence intubation. The 
patient is placed in either a split-leg or modified 
lithotomy position with pressure points well-
padded and secured for at least 20 degrees of 
reverse Trendelenburg. We use a Veress needle 
at the costal margin in the left mid-clavicular 
line for insufflation, followed by optical access 
of the abdomen. The ports are placed in the 
usual configuration for hiatal surgery: camera 
port slightly to the left and superior to the umbi-
licus, operating ports superior to the camera 
ports below the costal margin on each side, a 
liver retractor in the epigastrium, and an assis-
tant port near the left costal margin in the ante-
rior axillary line (Fig. 8.3).

After the liver retractor is placed, the assistant 
retracts the stomach gently inferiorly and later-
ally. We incise the gastrophrenic ligament with 
cautery at the angle of His and the GE junction 
fat pad is mobilized off the diaphragm, and then 
the peritoneum attaching the fundus to the dia-
phragm is taken, creating space above the short 
gastric vessels. If a posterior fundoplication is 
planned, we then come approximately 6 cm down 
the greater curve and enter the lesser sac, taking 
the short gastric vessels and posterior  attachments 
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with a bipolar device. The gastrohepatic mem-
brane is incised and the dissection taken up to the 
right crus. The esophagus is exposed by incising 
the phrenoesophageal membrane, and the esoph-
ageal dissection continues into the mediastinum 
with special care taken to identify and preserve 
the anterior and posterior vagus nerves. A Penrose 
drain is placed around the esophagus for retrac-
tion. After the esophagus is dissected proximal to 
the base of the diverticulum, dissection of the 
diverticulum continues until the entire neck and 
pouch are free of adhesions. Flexible endoscopy 
to inflate and deflate the diverticulum may be of 
help in this dissection.

When the diverticulum is completely free, a 
lighted bougie (52Fr) is placed to prevent nar-
rowing of the esophagus at the staple line. This 
can be a dangerous step of the procedure as the 
bougie can inadvertently perforate the diverticu-
lum or esophagus. Careful communication with 
the anesthesia team is critical. If there is any 
doubt, the bougie should be placed by the sur-
geon or the bougie can be substituted with an 
endoscope to allow direct visualization during 
insertion. An Endo-GIA stapler is placed in the 
left subcostal operating port, advanced into the 
mediastinum and fired across the neck of the 

diverticulum. The resected diverticulum is placed 
off to the side. The pulsion diverticulum (and 
therefore the staple line) does not include the 
muscular layers. We therefore close the muscle 
over the staple line with a series of interrupted 
sutures.

With the lighted bougie or endoscope still in 
place, we then begin the myotomy. We first mobi-
lize the anterior vagus nerve off of the GE junc-
tion, using the GE junction fat pad as a handle. 
We start the myotomy 3 cm distal to the gastro-
esophageal junction on the stomach in the sub-
mucosal plane. It is continued under the anterior 
vagus nerve up to the level of the diverticulum, 
staying at least a centimeter lateral from the sta-
ple line. The bougie is then removed.

If necessary, we then close the hiatus posteri-
orly with interrupted sutures, although to prevent 
narrowing and dysphagia, we will not usually be 
as aggressive in our hiatal closure as we might be 
in a similar operation for reflux or paraesopha-
geal hernia. We then perform a Toupet fundopli-
cation. The posterior fundus of the stomach is 
marked 3  cm from the GE junction and 2  cm 
from the greater curvature. We bring the posterior 
fundus under the esophagus and construct the 
fundoplication by suturing the marked posterior 

Retractor 5 mm

Surgeon 5 mm Surgeon 10 mm

Assistant 5 mmCamera 10 mm

Fig. 8.3 Port placement 
for myotomy and 
epiphrenic 
diverticulectomy
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stomach to the right crus and cut edge of the 
myotomy 3  cm from the GE junction. We then 
place 1–2 sutures from the wrap to the crura pos-
teriorly as a gastropexy and complete the right 
side of the wrap with 2–3 additional sutures from 
the wrap to the cut edge of the myotomy, for a 
total length of 3 cm. We then create the left side 
of the wrap by taking the anterior fundus, again 
3  cm from the GE junction and 2  cm from the 
greater curve, and securing it to the left crus and 
cut edge of the myotomy. We then perform flexi-
ble endoscopy to assure that there is no leak or 
obstruction. The diverticulum and the ports are 
removed under direct vision. We typically do not 
leave a drain.

 Thoracic Myotomy 
and Diverticulectomy

Although the majority of these operations are 
now performed laparoscopically, a thoracic 
approach remains useful for diverticula high 
enough in the mediastinum to make a laparo-
scopic myotomy difficult or impossible and for 
those patients in whom an abdominal approach is 
contraindicated. Varghese et al. have reported the 
results of the largest series of patients undergoing 
thoracic approach to epiphrenic diverticulum, 
with 35 patients over 29 years at the University of 
Michigan. Most had resection of the diverticu-
lum, long myotomy, and an antireflux procedure 
(Nissen, Collis-Nissen, or modified Belsey), 
although one patient had no antireflux procedure 
and one had plication rather than resection of the 
diverticulum. There was one death due to leak 
and one additional non-fatal leak. Symptoms 
completely resolved in 74% of patients, with 
20% needing pneumatic dilation for dysphagia.

Although the thoracic approach can be either 
open or minimally invasive, the principles are the 
same. In an open approach, a posterolateral left 
thoracotomy is performed even though most 
diverticula project into the right chest because the 
left chest provides superior access to the gastro-
esophageal junction for the myotomy and partial 
fundoplication. Macke et al., who prefer a mini-
mally invasive transthoracic approach, have pub-

lished a case series of 33 patients undergoing 
VATS for esophageal diverticula, and they prefer 
to perform VATS from the right side [27].

In either approach, the inferior pulmonary 
ligament is divided and the lung is retracted ante-
riorly. The mediastinal pleura is divided and the 
esophagus is bluntly mobilized circumferentially. 
The anterior and posterior vagus nerves are iden-
tified and left on the esophagus. The diverticulum 
is identified and completely dissected off the sur-
rounding structures, with the neck exposed so 
that the muscle layer is visible surrounding its 
entire circumference. As in the laparoscopic 
approach, a bougie is placed to prevent narrow-
ing and a stapler is placed across the diverticu-
lum, oriented in parallel to the esophagus.

The myotomy is then performed away from 
the diverticulectomy site, at least 1 cm and 180 
degrees if feasible. This is extended superiorly to 
the inferior pulmonary vein and inferiorly to 
2  cm beyond the gastroesophageal junction on 
the stomach. The esophagus and stomach are 
checked for leaks and the muscle layer is closed 
over the diverticulectomy site. Any leaks should 
be repaired with absorbable suture. An intercostal 
muscle flap may also be placed over the divertic-
ulectomy site or over the site of a repaired muco-
sal injury.

 Endoscopic Management

There are now a handful of reports of peroral 
endoscopic myotomy (POEM) for ED [28, 29], 
potentially including endoscopic division of the 
septum [30]. The long-term outcomes of this 
approach are unclear as are the indications, con-
traindications, and risks. Given that the role of 
resection is itself unclear, an endoscopic myot-
omy may be sufficient in selected patients but at 
this point POEM for epiphrenic diverticula has to 
be considered investigational. It may be best 
suited for patients who are quite symptomatic 
from their motility disorder and unwilling to 
undergo surgical myotomy and diverticulectomy. 
Further study is required to evaluate safety and 
long-term results of endoscopic therapy in the 
presence of a diverticulum.
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 Summary

Epiphrenic diverticula are rare. Most are thought 
to be associated with an underlying motility disor-
der. Workup includes upper GI series, manometry, 
and upper endoscopy. When asymptomatic or 
minimally symptomatic, they can be safely 
observed with a small rate of complications such 
as perforation, bleeding, or malignancy. 
Management of symptomatic diverticula should 
include myotomy, with diverticulectomy and fun-
doplication performed in most patients. Although 
there are no studies directly comparing thoracic 
and laparoscopic approaches, symptom resolution 
is similar between approaches and is generally 
good ranging from 80% to 100% [3, 14, 23]. In an 
analysis of the National Inpatient Sample data-
base, morbidity was more than 7X higher in the 
thoracic approach than laparoscopic management 
of epiphrenic diverticula [1], and therefore we 
recommend the laparoscopic approach when fea-
sible. The role of endoscopic myotomy is unclear 
and rapidly evolving, but at this time, it should be 
considered investigational. Because this is a rare 
disease (<120 cases/year in the US) with substan-
tial risk of morbidity (up to 20% leak rate), it 
should be managed by experienced esophageal 
surgeons in high volume centers.
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Persistent or Recurrent Symptoms 
After Heller Myotomy 
for Achalasia: Evaluation 
and Treatment

Marco G. Patti, Francisco Schlottmann, 
and Marco Di Corpo

A shift in the treatment algorithm of esophageal 
achalasia has slowly occurred in the last three 
decades due to the introduction of minimally 
invasive surgery. The technique has evolved 
over time, and today a laparoscopic Heller 
myotomy and partial fundoplication is consid-
ered in most Centers the treatment modality of 
choice [1–14].

In 1992, we reported our initial experience 
with a myotomy performed through a left tho-
racoscopic approach [15]. Using the guidance 
provided by intraoperative endoscopy, we per-
formed a myotomy, which extended for only 
5 mm onto the gastric wall, without an antire-
flux procedure. It became soon clear that, when 
compared to the classic approach by a left tho-

racotomy, the operation was associated with a 
shorter hospital stay, reduced postoperative dis-
comfort, and a faster recovery [15]. Long-term 
follow-up showed that the operation achieved 
relief of dysphagia in almost 90% of patients, 
but that abnormal reflux occurred in 60% of 
patients when measured by ambulatory pH 
monitoring [1]. For this reason, the thoraco-
scopic approach was abandoned, and the lapa-
roscopic approach was chosen as it provided a 
better exposure of the gastroesophageal junc-
tion (GEJ) and allowed the performance of a 
fundoplication [1]. Over time, the length of the 
myotomy onto the gastric wall was increased, 
as studies showed that a longer myotomy pro-
vided better relief of dysphagia [3, 6].

Overall, a major improvement in the swallow-
ing status can be achieved today in about 90–95% 
of patients [4, 6, 7, 10]. However, some patients 
have recurrence of their symptoms over time 
(recurrent dysphagia). This chapter describes the 
technical elements that are important for a suc-
cessful operation and our approach to the diag-
nosis and treatment of patients with persistent or 
recurrent dysphagia after a Heller myotomy.

 Persistent Dysphagia

Persistent dysphagia is defined as dysphagia 
which is still present immediately or short after a 
Heller myotomy. Usually this is due to technical 
issues during the performance of the operation:
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 Short Myotomy

The most common cause of persistent dyspha-
gia is a short myotomy on the gastric side of the 
GEJ (Fig. 9.1). This became evident during our 
early experience, when the operation was per-
formed through the chest and the ability to 
carry out the myotomy onto the gastric wall 
was limited. With the advent of the laparo-
scopic approach to the esophagus, we switched 
from the thoracoscopic to the laparoscopic 
approach. While this approach provided the 
opportunity to perform a longer myotomy in 
the gastric wall, we initially chose to extend it 
only 1–1.5 cm below the GEJ. Encouraged by 
what appeared to be a better resolution of dys-
phagia, a few years later we decided to extend 
the myotomy even further to 2.5–3.0 cm below 
the GEJ. In a landmark study, Oelschlager et al. 
compared the results of a conventional myot-
omy (1.5  cm onto the gastric wall) to those 
obtained with an “extended” myotomy (3.0 cm 
below the GEJ) [3]. Long-term relief of dys-
phagia was obtained in 83% and 97% of 

patients, respectively [6]. Today, an 8 cm myot-
omy, extending for 2.5  cm myotomy onto the 
gastric wall, is our standard technique for 
patients with achalasia. Intraoperative endos-
copy is important to assess the distal extension 
in relationship to the endoscopic view of the 
squamocolumnar junction. With more experi-
ence, the endoscopy can be avoided and the first 
branch of the left gastric artery can be used as a 
landmark to gauge the extent of the myotomy 
onto the gastric wall.

 Incomplete Myotomy

This may occur because of scar tissue at the 
level of the GEJ secondary to prior endoscopic 
treatment [2, 7, 16–18]. Both pneumatic dilata-
tion and intrasphincteric injection of botuli-
num toxin can cause scarring at the level of the 
GEJ with fibrosis and loss of the normal ana-
tomic planes. In these cases, the myotomy is 
more difficult, perforation of the mucosa is 
more common, and the results are less predict-
able [16].

 Lack of Separation of the Muscle 
Edges

After completion of the myotomy, it is impor-
tant to separate the edges of the muscle layers so 
that about 30–40% of the mucosa is uncovered 
[2]. This step decreases the chance of reapproxi-
mation of the muscle edges distally during heal-
ing and the formation of a new scar resulting in 
esophageal narrowing (Fig. 9.2).

 Tight Closure of the Hiatus

We do not advocate hiatal closure in the aver-
age patient with achalasia because sutures that 
narrow the hiatal opening may impair esopha-
geal emptying. Hiatal closure should be consid-
ered only for the rare patient who has an 
associated large hiatal hernia; and in those 

Fig. 9.1 Short myotomy
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patients, we recommend the hiatus be closed 
only partially to avoid persistence of 
dysphagia.

 Wrong Type of Fundoplication
A 360° fundoplication may create a mechanical 
obstruction because of the lack of peristalsis in 
patients with achalasia (Fig. 9.3).

 Wrong Configuration 
of the Fundoplication

Either an anterior or a posterior partial fundopli-
cation may be a cause of persistent dysphagia. A 
Dor fundoplication (180° anterior) must be con-
structed with two rows of sutures only, one on the 
left and one on the right [9]. The left row should 
have three sutures, with the upper one incorporat-
ing the esophagus, the fundus of the stomach, and 
the left pillar of the crus. The second and the third 
stitches are placed between the fundus of the 
stomach and the left side of the esophageal wall 
(Fig. 9.4a, b). After folding the fundus over the 
exposed mucosa, three additional sutures are 
placed. The first one incorporates the fundus of 
the stomach, the esophagus, and the right pillar of 
the crus; the second and the third stitches should 
only incorporate the esophageal wall and the fun-
dus. Apical stitches and transection of the short 
gastric vessels are also important as they avoid 
tension on the fundoplication.

Too many stitches at this level will cause con-
striction of the GEJ. Patti et al. showed that prob-
lems with the construction of a Dor fundoplication 
can be a cause of both persistent and recurrent dys-
phagia [2]. A Toupet fundoplication (240° poste-
rior) may also cause angulation of the esophagus 
and problems with esophageal emptying [11].

 Recurrent Dysphagia

These are patients who experience substantial 
relief for months or years after the initial Heller 
myotomy and then experience progressive dys-
phagia. The specific cause of recurrent dysphagia 
is not always easy to elucidate as progression of 
disease, scarring in the area of the previous 
Heller, or cancer may be causing it. Most com-
mon causes of recurrent dysphagia are:

 Scarring of the Distal Edge 
of the Myotomy

When patients experience recurrent symptoms 
after a long symptom free interval, scarring at 

Fig. 9.2 Lack of separation of the muscle edges

Fig. 9.3 Wrong type of fundoplication
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the distal edge of the myotomy is the most com-
mon cause (Fig. 9.5) [2, 19, 20]. While studies 
to date have not identified specific factors that 
predict this problem, we believe that a longer 
myotomy and a wider separation of the muscu-
lar edges of the myotomy at the time of initial 
operation might decrease the frequency of this 
problem [3, 6].

 360° Fundoplication

A partial fundoplication is the procedure of 
choice in conjunction with a Heller myotomy as 
it takes into consideration the lack of esophageal 
peristalsis. Because both a Dor and a Toupet fun-
doplication are effective in controlling reflux in 
only 80–90% of patients, some authors proposed 
the use of a Nissen fundoplication [21]. This 
approach, however, is associated with poor long- 
term results [22, 23]. For instance, Rebecchi 
et  al. compared 71 patients who underwent a 
laparoscopic Heller myotomy and Dor fundopli-
cation with 67 patients who had a Heller myot-
omy and a Nissen fundoplication  [23]. After 
10  years, dysphagia was present in 2.8% and 
15% of patients, respectively. Similar problems 
have been reported by others [22].

 Gastroesophageal Reflux Disease

Postoperative reflux is present in 50–60% of 
patients when a myotomy alone is performed and 
in 10–20% when a partial fundoplication is 

added. Abnormal reflux is considered a common 
cause of recurrent dysphagia. Csendes et  al. 
showed that there is a progressive clinical deteri-
oration of the initially good results over time and 
that this deterioration is mainly due to an increase 
in pathologic reflux and the development of short 
or long-segment Barrett’s esophagus [24]. 
Unfortunately, most patients that develop patho-
logic reflux are asymptomatic [1]. It is therefore 
very important, particularly when operating on 
young patients, to perform an ambulatory pH 
monitoring after the operation [25]. If abnormal 

a b

Fig. 9.4 First row of suture for Dor fundoplication. (a) First triangular stitch between gastric fundus, esophagus and 
left pillar. (b) First row for Dor fundoplication

Fig. 9.5 Scarring of the distal edge of the myotomy
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reflux is present, acid-reducing medications 
should be prescribed and closer endoscopic fol-
low- up performed.

 Esophageal Cancer

Achalasia patients are at increased risk of devel-
oping squamous cell carcinoma. In addition, if 
pathologic reflux occurs after the myotomy, 
Barrett’s esophagus and adenocarcinoma can 
develop causing recurrent dysphagia [26]. 
Although precise guidelines about endoscopic 
follow-up in achalasia patients have not been 
established, an upper endoscopy should be rou-
tinely performed every 3–5 years.

 Diagnostic Evaluation

When a patient complains of recurrent dyspha-
gia, it is important to perform a complete workup 
to try to identify the cause in order to formulate a 
tailored treatment plan [27].

The first step should always be to review the 
entire history  – in particular that which existed 
before the first operation – and to review, when 
possible the diagnostic tests performed before the 
initial operation. It is at this time that we have 
found that some of these patients did not have 
achalasia to begin with. Once this process is com-
plete, we like to review the report of the original 
operation. Often there are clues that explain the 
symptoms, such as the description of scar tissue 
due to prior treatment, failure of identifying the 
anatomic planes, or a short myotomy.

The symptomatic evaluation is the next step. It 
determines which symptoms are present and 
compares them to the symptoms present before 
the first operation. In addition, it distinguishes 
between persistent and recurrent dysphagia.

A barium swallow is very useful to determine 
the cause of the dysphagia. It identifies the area 
of obstruction, assesses the degree of esophageal 
dilatation, the emptying of the barium from the 
esophagus into the stomach, and shows the over-
all shape of the esophagus. It might help distin-
guish between a short myotomy, a tight closure 
of the hiatus, and a constricting or malpositioned 

fundoplication. Loviscek et al. reported a series 
of patients with recurrent dysphagia after Heller 
myotomy who underwent redo surgery and were 
able to correlate the preoperative radiologic find-
ings on barium swallow to the postoperative 
improvement in symptoms. All patients with a 
straight esophagus (normal or dilated caliber) 
had improved dysphagia after revisional surgery, 
whereas dysphagia improvement was less consis-
tent if the esophagus was sigmoid in shape [27].

An upper endoscopy should be carried out in 
every patient as it can show if there is mucosal 
damage due to reflux, candida esophagitis due to 
slow emptying, or cancer. Endoscopic evaluation 
can also reveal angulation of the distal esophagus 
due to a malpositioned or overly tight 
fundoplication.

Esophageal manometry is essential to con-
firm the diagnosis of achalasia and to measure 
the pressure and relaxation of the lower esoph-
ageal sphincter. When compared to the preop-
erative test, it can show if the myotomy has 
been extended appropriately onto the gastric 
wall or if a residual high-pressure zone is still 
present.

Ambulatory 24-hour pH monitoring should be 
performed in patients with recurrent dysphagia. It 
is important to look not only at the reflux score, 
but to review the pH tracing to distinguish 
between real reflux and false reflux due to stasis 
and fermentation. This test should be routinely 
done even in asymptomatic patients after a Heller 
myotomy as reflux can be often “silent” [1]. This 
is particularly important when operating on chil-
dren as a life-long exposure to reflux can cause 
Barrett’s esophagus or even esophageal cancer 
[24, 26, 28].

When pseudoachalasia secondary to the pres-
ence of cancer is suspected, endoscopic 
 ultrasound and computed tomography can help 
establish the diagnosis [29].

 Treatment

 Pneumatic Balloon Dilatation

A balloon dilatation should always be considered 
in patients with recurrent dysphagia. Contrary to 
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common belief, the perforation rate is very low 
due to the fact that the myotomy is covered by the 
stomach if a Dor was performed or by the left 
lateral segment of the liver if a Toupet was added 
to the myotomy. Zaninotto et  al. documented 
recurrent dysphagia in 9 of 113 patients (8%) 
after laparoscopic Heller myotomy and Dor fun-
doplication [19]. Seven of the nine patients were 
effectively treated by balloon dilatation (median 
two dilatations, range 1–4), while two required a 
second operation. Similar results were described 
by Sweet et al. who reported on the effectiveness 
of dilatation for the treatment of both persistent 
and recurrent dysphagia [7].

 Revisional Surgery

If dysphagia is not relieved by dilatations, a reop-
eration must be considered. When consenting the 
patient, it is important to stress that even though 
most cases can be performed laparoscopically, a 
laparotomy might be needed. In addition, patients 
must be aware that in case of severe damage to 
the mucosa during the course of the operation, an 
esophagectomy may be necessary.

The first step of the operation consists in sepa-
rating the liver from the stomach and the esopha-
gus. Subsequently the fundoplication should be 
taken down and the fundus brought to the left in 
order to fully expose the esophageal wall. Once 
the previous myotomy has been exposed and the 
area of narrowing is clearly identified, we prefer 
to correct the problem by performing a new 
myotomy on the side of the anterior esophagus 
opposite to the first myotomy. Rather than trying 
to extend the prior myotomy, it is easier to per-
form a new myotomy on the opposite side in 
order to work on an unscarred part of the esopha-
geal wall (see Fig.  9.6) [27]. The myotomy 
should be extended for about 2.5–3 cm below the 
GEJ, and intraoperative endoscopy should be 
performed to evaluate for inadvertent esophageal 
or gastric mucosal injury. After the myotomy is 
completed, consideration should be given 
whether or not to add a fundoplication. If a muco-
sal injury has occurred, a Dor fundoplication 
should be performed to cover the area of injury. 

In the absence of a perforation, often we do not 
perform a fundoplication, based on the following 
considerations: (a) dysphagia is the primary 
problem necessitating repeat intervention; (b) 
returning to the operating room a third time to 
relieve dysphagia is an increasingly difficult task; 
(c) occasionally a fundoplication may contribute 
to dysphagia; and (d) abnormal reflux can be 
treated medically far easier than dysphagia. 
Loviscek et al. recently showed excellent results 
using this approach [27]. The outcome of 43 
achalasia patients who underwent redo Heller 
myotomy for recurrent dysphagia between 1994 
and 2011 was analyzed. Three patients under-
went take down of the previous fundoplication 
only, while the remaining 40 patients had that 
and a redo myotomy that extended for 3 cm onto 
the gastric wall. A fundoplication was added in 
one third of patients only. At a median follow-up 
of 63  months in 24 patients, 19 patients (79%) 
reported improvement of dysphagia with median 
overall satisfaction rating of 7 (range 3–10). Four 
patients required esophagectomy for persistent 
dysphagia. Similar results have been reported by 
others [30–32].

Fig. 9.6 New myotomy on the opposite side
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Sometimes patients present with recurrent 
dysphagia after a Heller myotomy performed 
through either a left thoracotomy or a left thora-
coscopic approach [33]. Because the abdomen 
and the right side of the esophagus are free of 
adhesions and scar tissue created by the first 
operation, a laparoscopic approach allows a 
myotomy to be performed on the right side of the 
esophagus with excellent results [33]. Depending 
on the size of the esophagus, a partial fundoplica-
tion can be added to the myotomy.

 Peroral Endoscopic Myotomy

A peroral endoscopic myotomy (POEM) has 
been associated with excellent relief of dyspha-
gia in patients with achalasia [34, 35]. Short-term 
follow-up in patients in whom POEM has been 
used as a primary treatment modality has shown 
improvement of the swallowing status in the 
majority of patients. Because the laparoscopic 
myotomy is performed on the anterior wall of the 
esophagus, POEM could be used as a remedial 
operation in patients with persistent or recurrent 
dysphagia by performing an endoscopic myot-
omy on the posterior wall of the esophagus.

 Esophagectomy

Esophagectomy should be avoided whenever 
possible as it is associated with a mortality rate 
between 2% and 4% even in expert hands [36, 
37]. In addition, it carries a high morbidity rate. 
For instance, Devaney and colleagues reported a 
10% rate of anastomotic leak, 5% rate of hoarse-
ness, and 2% rate of bleeding and chylothorax 
requiring thoracotomy among 93 patients who 
had an esophagectomy for achalasia [37]. 
Furthermore, 46% of patients had dysphagia 
requiring anastomotic dilatation, 42% had regur-
gitation, and 39% had dumping syndrome. The 
average hospital stay was 12.5 days.

Despite these shortcomings, esophagectomy 
is sometimes the only option left to treat these 
patients. This is particularly the case for patients 
with a dilated and sigmoid-shaped esophagus 

who have already failed Heller myotomy, dilata-
tions, and sometimes a redo Heller or 
POEM. When performing an esophagectomy, we 
prefer to use the stomach as an esophageal substi-
tute. Because the esophagus is frequently dilated 
and fed by large blood vessels, we prefer to dis-
sect the thoracic esophagus under direct vision, 
either thoracoscopically or by performing a right 
thoracotomy. The esophagogastric anastomosis 
can be placed either in the neck or at the apex of 
the right chest.

 Conclusions

A laparoscopic Heller myotomy with partial fun-
doplication is now considered the surgical proce-
dure of choice for patients with achalasia. The 
technical steps have been clearly identified and 
described, and failure to follow them causes per-
sistent or recurrent symptoms. Although the 
operation has a very high success rate, some 
patients eventually need further treatment, par-
ticularly if the first operation was done at an early 
age. When this happens, it is important to per-
form a careful workup to try to identify the cause 
and to have a tailored treatment plan. The best 
results are obtained in centers where radiologists, 
gastroenterologists, and surgeons have experi-
ence in the diagnosis and treatment of this rare 
disease.
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Esophagectomy for End-Stage 
Achalasia

John Waters and Daniela Molena

 Introduction and History

End-stage achalasia is the most severe form of 
the disease [1]. Current guidelines from the 
American College of Gastroenterology (ACG) 
and the International Society for Diseases of the 
Esophagus (ISDE) define the disease by both 
manometric and radiographic criteria.

Manometrically, achalasia demonstrates fail-
ure of lower esophageal sphincter relaxation, 
with documented integrated relaxation pressure 
(IRP) greater than 15 mm Hg. Disease subtypes 
are broken down into classes I, II, and III based 
on the degree of failed peristalsis, esophageal 
pressurization, and premature contraction 
(Table  10.1) [2–4]. Radiographically, end-stage 
achalasia is supported by evidence of mega-
esophagus (>6 cm), distal esophageal angulation, 
and sigmoid esophageal shape (Fig. 10.1) [3, 4].

Achalasia affects 1.6 per 100,000 people, 
occurring equally in men and women between 30 
and 60 years of age [5–7]. Patients with end-stage 

achalasia typically experience dysphagia, recur-
rent food impaction, poor esophageal clearance, 
aspiration, recurrent pneumonia, heartburn, occa-
sionally GI bleeding, and retrosternal chest pain 
[8]. They are also at increased risk for esophageal 
squamous cell cancer [9, 10].

Descriptions of the spectrum of achalasia pre-
sentation and esophageal morphology fill the liter-
ature. One of the earliest studies by F.G.  Ellis 
followed 85 patients diagnosed with achalasia 
between 1933 and 1948 [11]. Three stages of acha-
lasia were described: onset, silent period, and pro-
gressive deterioration. Achalasia was described as 
a disease with periods of quiescence and sporadic 
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Table 10.1 Manometric characteristics of achalasia’s 
subtypes

Achalasia 
subtype

Integrated 
relaxation 
pressure 
(mm Hg) Peristalsis

Additional 
considerations

Type 1 >15 mm 
Hg

100% 
failed

Premature 
contractions with 
DCI <450 mm 
Hg/s/cm can serve 
as surrogate for 
failed peristalsis

Type 2 >15 mm 
Hg

100% 
failed

Panesophageal 
pressurization 
with ≥20% 
swallows

Type 3 >15 mm 
Hg

No 
normal 
peristalsis

Premature 
contractures, DCI 
>450 mm Hg/s/
cm with >20% 
swallows

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-27592-1_10&domain=pdf
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progression. But the exact timing and mechanisms 
through which a normal-sized esophagus transi-
tioned from normal to dilated size were unclear.

More recent analyses provided description of 
manometric findings of achalasia. But there is 
little clarity on the risk of each subtype evolving 
into megaesophagus [12]. It is presumed that a 
non-resolved fixed distal esophageal obstruction 
eventually may lead to the development of a 
dilated, bag-like esophagus. Probably, it takes 
between 12 and 15 years for a normal-size esoph-
agus to degenerate into a dilated and often sig-
moid one [13, 14].

 Achalasia Pathophysiology

Pathologic examination of surgical explants sug-
gests that achalasia is an idiopathic neuronal 
degenerative disease, caused by T-cell lymphocyte 
destruction of enteric neurons in the distal two-

thirds of the esophageal smooth muscle [15–18]. 
Infectious and congenital etiologies have also been 
suggested [19].

There is homology between end-stage acha-
lasia and megaesophagus in Chagas disease. 
The flagella protozoa Trypanosoma cruzi is 
transmitted to humans by the Triatominae bug 
subfamily [20]. Chagas disease occurs in acute 
and chronic phases [21]. The acute phase can 
be symptom- free and occurs in patients typi-
cally under 1 year of age. If symptoms do occur, 
they are generalized and nonspecific: fever, 
inflammation at inoculation site, lymphadenop-
athy, and palpebral swelling. This phase lasts 
4–8 weeks; approximately 30% of patients will 
develop subsequent systemic sequelae of the 
disease. In the gastrointestinal tract, this has 
been described as organomegaly of the esopha-
gus, stomach, duodenum, jejunum, gallbladder, 
and colon [22]. Visceral explant analysis has 
shown that Chagas-affected esophagus demon-
strates inflammation and fibrosis of the muscu-
laris propria and myenteric plexus; mononuclear 
cells are surrounded by eosinophils. Mast cells 
and rare plasma cell also fill the muscularis and 
myenteric plexus.

 Indications for Esophagectomy

Esophagectomy for end-stage achalasia is indi-
cated for symptomatic patients who suffer from 
megaesophagus, have failed prior treatment (bal-
loon dilation, Heller myotomy or POEM), and 
show radiographic evidence of disease progres-
sion [3, 4]. Careful preoperative assessment must 
be performed, and patients must receive full 
counseling on the details and potential complica-
tions of esophagectomy.

 Achalasia and Esophagectomy 
History

In the twentieth century, surgical experiences 
with achalasia and esophagectomy paralleled 
each other. The fields did not intersect however 
until the late 1970s.

Fig. 10.1 End-stage esophagus characterized by dilation, 
tortuosity, and distal kinking
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 Surgical History of Esophageal 
Achalasia

On April 14, 1913, Ernst Heller (1877–1964) 
performed the first longitudinal esophageal 
myotomy in a 49-year-old German man who pre-
sented with a pharyngeal food impaction [23, 
24]. He performed an anterior and posterior 
myotomy due to his discontent with the intraop-
erative visual appearance of the esophagus after 
anterior myotomy alone.

Four years later, Heller’s original longitudinal 
esophagomyotomy evolved into an anterior 
myotomy (“modified Heller”) [25, 26]. This pro-
cedure was quickly popularized and, with the 
addition of a partial fundoplication to reduce 
postoperative gastroesophageal reflux, is cur-
rently the accepted surgical technique for treating 
achalasia [4, 27]. The first laparoscopic Heller 
myotomy was performed in 1991 by Cuschieri 
et al. [28]. Current outcomes with Heller myot-
omy demonstrate up to 90% symptom improve-
ment. Achalasia guidelines recommend Heller 
myotomy as the first-line treatment for achalasia. 
Balloon dilation and POEM also offer less inva-
sive and promising short-term results [29, 30]; 
POEM and balloon dilation do not provide anti- 
reflux treatment.

 Esophagectomy History

In 1913, Dr. Franz Torek at the German Hospital 
in New York performed the first successful esoph-
agectomy [31]. Through a left thoracotomy, Torek 
removed the esophagus of a 67-year-old woman 
suffering from squamous cell esophageal carci-
noma. Gastrointestinal continuity was reestab-
lished through an external prosthetic tube 
connecting a cervical esophagostomy to gastros-
tomy. The prosthesis was manually removed after 
meals. The patient lived 13 years postoperatively.

Subsequent esophagectomy outcomes were 
poor [32]. Bleeding, uncontrolled pneumothorax, 
esophageal leak, mediastinitis, esophageal necro-
sis, pneumonia, and death were commonly 
observed complications. Suboptimal patient 
selection, poor understanding of esophageal car-

cinoma, limited anesthetic capability, lack of 
standardized surgical technique, and critical care 
and antimicrobial deficiencies contributed to 
these results.

Interest in esophagectomy was revived in the 
late 1930s. In 1938, Adams and Phimester per-
formed esophagectomy with restoration of GI 
continuity through a left thoracotomy [33]. Sweet 
replicated this technique and published favorable 
results of 141 consecutive patients [34, 35].

Sweet’s experience revived esophagectomy 
and additional surgical techniques were devel-
oped. In 1946, Ivor Lewis performed an esopha-
gectomy through a right thoracotomy and midline 
laparotomy [36]. In 1969, K.C.  McKeown per-
formed esophagectomy through right thoracot-
omy, laparotomy, and right cervical incision [37, 
38]. In 1976, Dr. Marc Orringer popularized the 
transhiatal esophagectomy (THE) [39].

Minimally invasive esophagectomy was 
developed in the 1990s. Dallemagne et  al. per-
formed the first minimally invasive McKeown 
esophagectomy [40]. Azagra et  al. published a 
series of eight patients who underwent McKeown 
esophagectomy with thoracoscopic esophageal 
mobilization, cervical mobilization, and laparot-
omy [41]. Laparoscopic pioneers from Japan and 
the United States published outcomes showing 
reduced morbidity compared to open esophagec-
tomy [42–45]. As the experience with laparos-
copy and thoracoscopy grew, minimally invasive 
procedures have become more popular. Meta- 
analysis and prospective comparison of thoracic 
and non-thoracic esophagectomy for cancer 
patients have shown that transthoracic proce-
dures have higher risk of pulmonary complica-
tions, lymphatic leak, and wound complications. 
Transhiatal surgery has a higher risk of anasto-
motic leak and recurrent laryngeal nerve injury.

 Esophagectomy for Achalasia

In 1977, H.W. Pinotti published the technique of 
esophagectomy through a trans-mediastinal tun-
nel in a Brazilian patient suffering from end-stage 
esophageal dilation due to Chagas disease [46]. 
The high prevalence of Chagas disease in South 
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America led the largest early series of esophagec-
tomy for megaesophagus to come from Brazil.

In 1988, Pinotti’s group published a series of 
108 patients who underwent THE for achalasia, 
reporting a 3.4% mortality [46]. In 1989, Devaney 
et al. published a series of 26 patients who under-
went THE for end-stage achalasia at the 
University of Michigan, which observed a single 
reported death [47]. Several other series have 
been published, reporting favorable results with 
esophagectomy for end-stage achalasia. Tables 
10.2, 10.3, 10.4, and 10.5 detail various aspects 
of these series.

Surgical approaches have varied between 
McKeown, Ivor Lewis, transhiatal, and thora-
coabdominal. Conduit type has varied, depend-
ing on center experience, the two most commonly 
used conduits being the stomach and colon.

 Technical Elements 
of Esophagectomy for Achalasia

Esophagectomy for achalasia requires meticu-
lous preoperative, intraoperative, postoperative, 
and long-term care. While esophagectomy for 
esophageal cancer and achalasia have  similarities, 
specific details for achalasia patients must be 
emphasized.

 Preoperative

End-stage achalasia patients must undergo a thor-
ough preoperative workup. All prior clinical data 
and operative reports must be studied, manometry 
confirmed, and updated cross- sectional imaging 
of the chest, abdomen, and pelvis performed.

Table 10.2 Surgical technique, anastomotic location, and follow-up period

Author (year) N Surgical technique
Anastomosis 
location Follow-up range (mean)

Pinotti et al.  
(1988) [48]

108 THE – 108 (100%) Neck – 108 
(100%)

NA

Orringer et al.  
(1989) [49]

26 THE – 24 (92%)
McKeown – 2 (8%)

Neck – 26 (100%) 3–91 months (30 months)

Miller et al.  
(1995) [14]

37 THE – 9 (24%)
IL – 12 (32%)
McKeown – 11 (29.5%)
Distal esophagectomy RY – 5 
(13%)

Neck – 20 (54%)
Chest – 17 (46%)

1.4–16 years (6.3 years)

Peters et al.  
(1995) [50]

15 McKeown – 15 (100%) Neck – 15 (100%) 1–14 years (median 6 years)

Banbury et al.  
(1999) [51]

32 THE – 21 (66%)
Transthoracic – 11 (34%)

Neck – 30 (94%)
Chest – 2 (6%)

3–115 months (43 months)

Hsu et al.  
(2003) [52]

9 Left thoracoabdominal – 9 
(100%)

Chest – 9 (100%) 1–12 years (6 years)

Devaney et al.  
(2001) [53]

93 THE – 87 (93%)
McKeown – 6 (7%)

Neck – 93 (100%) 1–190 months (38 months)

Gockel et al.  
(2004) [54]

8 THE – 6 (75%)
McKeown – 2 (25%)

Neck – 8 (100%) 3–92 months (median 
43.5 months)

Crema et al.  
(2005) [55]

30 Laparoscopic THE – 30 (100%) Neck – 30 (100%) Not provided

Glatz et al.  
(2007) [13]

8 IL – 8 (100%) Chest – 8 (100%) (median 6 years)

Schuchert  
(2009) [56]

6 McKeown – 6 (100%) Neck – 6 (100%) NA

Crema (2009) [57] 60 Laparoscopic THE – 60 (100%) Neck – 60 (100%) 6–118 months (NA)
Crema (2017) [58] 231 Laparoscopic THE – 231 

(100%)
Neck – 231 
(100%)

7 months– 20 years (NA)

THE transhiatal esophagectomy, McKeown three field esophagectomy, IL Ivor Lewis, NA not recorded

J. Waters and D. Molena



83

Upper GI endoscopy should be performed 
by the esophagectomy surgical team. We advise 
at least one presurgical endoscopy, to increase 
surgeon familiarity with the patient’s anatomy, 
to clean out the esophagus, and to assess for 
additional esophageal pathology – in particular 
esophageal cancer.Upper GI endoscopy has its 
risks. Most salient for the achalasia patient is 
the aspiration risk during anesthetic induction. 
We recommend awake fiberoptic intubation in a 
semi-upright or full upright position. However, 
rapid sequence intubation with cricoid pressure 
is also a good alternative but with higher risk of 
aspiration and resultant pneumonitis.

Full esophageal clean out should be performed 
using standard upper GI endoscopic equipment. 
Guardus esophageal overtube (US Endoscopy, 

Mentor, OH) assistance and pulsed irrigation sys-
tems such as EIP 2 (ERBE Corporation, 
Tuebingen, Germany) can be helpful adjuncts.

Once formal esophageal clean out has been 
performed, with confirmation of no concomitant 
esophageal pathology, we advise administration 
of a full liquid diet until 2 days prior to surgery 
and clear liquids only for 48  hours before sur-
gery. A standard biochemical workup and nutri-
tional assessment are performed. Routine 
colonoscopy is performed to evaluate for intralu-
minal malignancy or polyposis syndromes, as 
colon conduit may be required in patients with 
prior gastric surgery, complications of peptic 
ulcer disease, prior foregut interventions, and sig-
nificant peripheral vascular disease, particularly 
celiac and superior mesenteric arterial (SMA) 
disease. History of colon cancer or colon resec-
tion, inflammatory bowel disease, diverticulitis, 
significant mesenteric vascular disease, and an 
occluded IMA preclude colon conduit use.

CT angiogram is performed to assess SMA 
and IMA patency. In patients with marginal renal 
function, diagnostic aortogram can be performed 
with standard contrast or CO2 for patients with 
iodine contrast allergy.

Standard cardiovascular risk assessments 
must be performed. Performance status and 
revised cardiac risk index dictate preoperative 
workup according to American College of 
Cardiology guidelines.

Bowel cleansing before surgery is recom-
mended especially for patients who had previous 
Heller myotomy and fundoplication as the gas-
troepiploic arcade might have been injured  during 
the gastric mobilization, and this is hard to assess 
with preoperative radiographic imaging.

 Intraoperative

Esophagectomy for achalasia can be difficult and 
time-consuming. The extent of esophagectomy 
will be dictated by length and degree of esopha-
geal dilation. Different resection techniques 
include vagal-sparing esophagectomy, partial 
esophagectomy, and total esophagectomy.

Table 10.3 Intraoperativecomplications

Author (year) Bleeding
Airway 
injury

Unplanned 
conversion to 
thoracotomy

Pinotti et al. 
(1988) [48]

2(1.8%) 1(0.9%) NA

Orringer 
et al. (1989) 
[49]

2(7.7%) 0(0%) 2 (7.7%)

Peters et al. 
(1995) [50]

1(6.7%) 0(0%) NA

Miller et al. 
(1995) [14]

2(5.4%) 0(0%) 2 (5.4%)

Banbury 
et al. (1999) 
[51]

0(0%) 0(0%) 5 (15.6%)

Devaney 
et al. (2001) 
[53]

2(2%) 1(1%) 2 (2%)

Hsu (2003) 
[52]

0(0%) 0(0%) NA

Gockel et al. 
(2004) [54]

0(0%) 0(0%) 0 (0%)

Crema et al. 
(2005) [55]

0(0%) 0(0%) 0 (0%)

Glatz et al. 
(2007) [13]

0(0%) 0(0%) NA

Schuchert 
(2009) [56]

1(16.7%) 0(0%) NA

Crema 
(2009) [57]

0(0%) 0(0%) 0 (0%)

Crema 
(2017) [58]

0(0%) 0(0%) 0 (0%)

NA not recorded
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Table 10.4 Postoperative complications

Author (year)
Anastomotic 
leak

Conduit 
necrosis Dysphonia Pneumonia Pleural effusion

Pulmonary 
embolism

Pinotti et al.  
(1988) [48]

9(8.3%) 0(0%) NA 9 (8.3%) 23 (21%) NA

Orringer et al.  
(1989) [49]

1(3.8%) 0(0%) 2 (7.7%) NA NA NA

Peters et al.  
(1995) [50]

0(0%) 0(0%) 0 (0%) 1 (6.7%) 1 (6.7% –  
chylothorax)

NA

Miller et al.  
(1995) [14]

2(6.2%) 0(0%) 2 (6.2%) 2 (6.2%) NA 2 (6.2%)

Banbury et al.  
(1999) [51]

4(13%) 0(0%) 2 (6%) 7 (22%) 1 (3% – chylothorax) NA

Devaney et al.  
(2001) [53]

9(10%) 1(1%) 5 (5%) 2 (2%) 2 (2% – chylothorax) 1 (1%)

Hsu et al.  
(2003) [52]

0(0%) 1(11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Gockel et al.  
(2004) [54]

1(12.5%) 0(0%) NA NA 1 
(12.5% – chylothorax)

0 (0%)

Crema (2005) [55] 2(6.7%) 0(0%) 7 (23%) 0 (0%) 0 (0%) 0 (0%)
Glatz et al.  
(2007) [13]

0(0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Crema et al.  
(2009) [57]

4(6.7%) 0(0%) 9 (15%) 0 (0%) 8 (13.3%) 0 (0%)

Schuchert et al. 
(2009) [56]

1(16.7%) 0(0%) 0 (0%) 0 (0%) 1 (16.7%) 0 (0%)

Crema (2017) [58] 11 (4.76%) 0(0%) 18 (7.8%) NA 22 (9.52%) NA

NA not recorded

Table 10.5 Long-term complications

Author (year) Dysphagia Gastric emptying issues Mean weight gain Death
Pinotti et al. (1988) [48] NA NA NA 4 (3.4%)
Orringer et al.  
(1989) [49]

10 (38.4%) 5 (19.2%) +11.8 kg at 10 pts
+5.9 kg at 12 pts

1 (3.8%)

Peters et al. (1995) [50] 3 (20%) 8 (61%) +6.3 kg 0 (0%)
Miller et al. (1995) [14] 5 (20.8%) 0 (0%) NA 2 (6.25%)
Banbury et al. (1999) [51] 5 (17%) 10 (34%) NA 1 (3.1% – 6 months 

postsurgery)
Devaney et al. (2001) [53] 43 (46%) 36 (39%) NA 2 (2.1%)
Hsu (2003) [52] NA 3 (33.3%) NA 0 (0%)
Gockel et al. (2004) [54] 3 (37.5%) NA NA 1 (12.5%)
Crema (2005) [55] 1 (3.3%) NA NA 0 (0%)
Glatz et al. (2007) [13] 0 (0%) 0 (0%) + 23 lbs. at 1 year 0 (0%)
Crema et al.(2009) [57] 2 (3.3%) 3 (5%) NA 0 (0%)
Schuchert et al. (2009) [56] NA NA NA NA
Crema et al. (2017) [58] NA 11 (4.76%) NA 2 (0.8%)

NA not recorded

The primary decision for operators is the 
extent of esophagectomy. A subtotal esophagec-
tomy with high intrathoracic anastomosis or a 
total esophagectomy with cervical anastomosis is 
the most appropriate approach due to the com-

mon presence of a tortuous, boggy, angulated 
intrathoracic esophagus. However, rarely a par-
tial esophagectomy might be indicated for 
patients with short-segment esophageal dilation 
and angulation with a relatively straight, normal- 
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sized mid- and upper esophagus. Reconstruction 
techniques vary according to the length of esoph-
agus resected. For short segment distal esopha-
geal resections, reconstruction with long-segment 
jejunal Roux-en-Y configuration can be per-
formed through laparotomy. For long-segment 
interposition, gastric, colon, and small bowel 
interposition can be used through transhiatal, 
Ivor Lewis, and three field techniques.

A dilated and inflamed esophagus, fed by 
enlarged aorto-esophageal collateral branches, 
should be anticipated. The esophagus can par-
tially or totally fill either the left or right pleural 
space and be densely adherent to surrounding 
mediastinal structures. The safest esophagec-
tomy technique will be dictated by surgeon expe-
rience and associated anatomic findings.

Esophagectomy should be performed by keep-
ing the dissection as close to the esophagus as 
possible to limit injury to surrounding structures. 
Transthoracic and transhiatal techniques can be 
performed. Should total esophagectomy be per-
formed, we use thoracoscopic surgery to assist 
with the dissection. This allows for direct visual-
ization and mobilization of the thoracic esopha-
gus and opportunity for rapid thoracotomy with 
good exposure should untoward bleeding be 
encountered. Thoracotomy however is safe and 
should be performed initially if operators are not 
experienced with thoracoscopy.

 Transhiatal Esophagectomy

THE is performed with the patient in the supine 
position, beginning with a full and wide prep of 
the entire chest prior to starting the operation. 
Simultaneous abdominal and cervical procedures 
are performed. The abdominal team performs a 
midline laparotomy and mobilizes the left lateral 
segmental of the liver. The lesser sac is entered. 
The left gastric artery is divided and the proximal 
stomach mobilized. The gastrocolic ligament is 
incised and the greater curve of the stomach 
mobilized to the level of the left crus. Blunt medi-
astinal dissection is performed. A gastric empty-
ing procedure is performed, and the stomach is 
tubularized with gastrointestinal staplers. The 
cervical team identifies and mobilizes the esoph-

agus in the neck. Mediastinal dissection is com-
pleted from cephalad and caudal approaches.

It should be emphasized that with this tech-
nique, there is an increased risk of injury to aorto- 
esophageal collateral vessels, the left atrium, and 
the airway during the posterior mediastinal dissec-
tion, which may result in significant blood loss: for 
this reason, we prefer the transthoracic approach. 
In the event of massive bleeding with poor visual-
ization of the bleeding area, a thoracotomy should 
be performed. Exposure of the posterior mediasti-
num through an anterolateral thoracotomy can be 
difficult if bleeding occurs and a right posterior 
thoracotomy offers the best exposure.

The stomach is transected in the abdomen and 
the specimen is delivered into the neck. An 
esophagogastrostomy is performed using hand- 
sewn or stapled techniques. A jejunal feeding 
tube and drains are placed, and the abdominal 
and neck incisions are closed.

 Ivor Lewis Esophagectomy (IL)

Ivor Lewis esophagectomy is performed in two 
stages. The operation is begun with abdominal 
exploration. If the procedure is performed open, 
laparotomy is used to dissect the stomach and 
lower esophagus, fashion the conduit, perform a 
gastric emptying procedure, and place the J tube. 
The patient is then placed in the left lateral decubi-
tus position, and a right-sided thoracoscopy or tho-
racotomy is performed. The esophagus is 
mobilized. The azygous vein is divided. Perforating 
aorto-esophageal branches are ligated, as are lym-
phatic channels. The esophagus is transected 
above the level of the azygous vein. The specimen 
is pulled into the chest with the conduit; the speci-
men is removed, and an anastomosis is performed 
with stapled or hand- sewn techniques. Drains are 
placed and the chest is closed.

 McKeown Esophagectomy

Three-field esophagectomy is performed ini-
tially via a right-sided thoracoscopy or thoracot-
omy. The esophagus is mobilized and separated 
from the mediastinum, identical to the Ivor 
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Lewis technique. The esophagus is mobilized to 
the level of the thoracic inlet, taking care to stay 
close to the esophagus in the upper portion of the 
chest. The dissected esophagus is encircled 
proximally with a ½” Penrose drain. 
Simultaneous abdominal and cervical proce-
dures are performed, identical to the transhiatal 
technique to transpose the conduit to the neck.

 Conduit Options

The stomach is the most commonly used con-
duit following esophagectomy for achalasia. It 
is easy to mobilize, requires a single anastomo-
sis, and can be adequately lengthened to tra-
verse the entire chest. Additional conduit 
options include the right and left colon and the 
small bowel.

There are no guidelines to conduit selection 
following esophagectomy. Conduit selection 
requires consideration of patient comorbidities 
and operative conditions.

 Technical Conduit Considerations

 Stomach
The stomach is the most commonly used conduit 
for esophageal resection in achalasia. When fash-
ioning the gastric conduit, the lesser curve of the 
stomach at the level of the incisura angularis 
should be identified and dissected.Either an 
EndoGIA or GIA stapler can be used to perform 
the gastric tubularization. GIA blue or EndoGIA 
purple or black load staplers will be used for this 
portion of the procedure. The tissue can be 
thicker, and the wider stapler loads can assist 
with tissue apposition. Tubularization then pro-
ceeds cephalad to create a conduit that is approxi-
mately 4 cm in diameter. Narrower conduits are 
prone to ischemia and anastomotic complications 
[56–58]. Esophagogastrostomy can be performed 
with hand-sewn, stapled, or hybrid techniques. 
Healthy tissue apposition without tension is 
essential. The conduit should be oriented so that 
the greater curve is positioned toward the patient’s 
left-hand side.

 Colon
The large bowel is the second most commonly 
used conduit in achalasia patients. The left or 
right colon, preferentially in isoperistaltic con-
figurations, can be used. Advantages of colon 
interposition include length and reduced inci-
dence of reflux. Disadvantages include the need 
for three anastomoses and poor long-term peri-
staltic function.

Arterial supply to the left colon conduit relies 
on the ascending branch of the left colic artery 
from the inferior mesenteric artery. The right 
colon conduit receives arterial supply from the 
middle colic system. Colonic venous drainage 
parallels arterial supply. The left colic vein 
merges with the splenic and portal vein; the mar-
ginal vein drains via the hemorrhoidal system 
and the inferior vena cava. The right-sided venous 
drainage is more variable, frequently with no 
dominant draining vein.

Regardless of whether the right or left colon is 
used, the entire colon is mobilized at the time of 
surgery via laparotomy. If the left colon is used, 
the middle colic artery and vein must be identi-
fied and dissected to their origin along the supe-
rior mesenteric artery and vein. Bulldog clamps 
should be placed at the origin of these vessels and 
along ileocolic and right colic collateral vessels 
to assess for arterial sufficiency. Visual inspec-
tion, doppler examination with a strong biphasic 
signal or fluorescence imaging will assist with 
determining adequate perfusion to the left and 
transverse colon. In cases of inadequate perfu-
sion, supercharging the left colon blood supply in 
the neck can be considered.The colon is typically 
placed through the posterior mediastinum and 
tunneled to the neck in a laparoscopic camera 
bag. Proper length is determined using umbilical 
tape. Esophago-colostomy and colo-gastrostomy 
are performed using hand-sewn or stapled tech-
niques. Colo-colostomy reestablishes colon 
continuity.

Right colon grafts are supplied by the middle 
colic artery. The right colic and ileocolic arterial 
branches are temporarily clamped, and graft via-
bility is assessed. These arteries are then ligated 
proximally to preserve collateral flow, and the 
colon is transected distal to the cecum (although 
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some authors prefer to transpose the distal ileum 
as well). The colon is delivered to the neck with 
the assistance of a sterile laparoscopic camera 
bag. The distal colon is divided at the splenic 
flexure. Esophago-colostomy and colo- 
gastrostomy are performed using hand-sewn or 
stapled techniques. Colo-colostomy reestablishes 
colon continuity.

While the posterior mediastinal route is the 
shortest, the colon can be tunneled in a retroster-
nal or subcutaneous location.The retrosternal 
location mandates a left hemi-manubrial resec-
tion to avoid narrowing the conduit at the tho-
racic inlet. Care must be taken to avoid conduit 
compression and injury to nearby venous and 
arterial structures [59].

 Small Bowel

Supercharged pedicled jejunum as interposition 
technique was first used in 1957 by Thomas and 
Merendino [60]. A 35–40 cm segment of jejunum 
is harvested, 20  cm distal to the ligament of 
Treitz. The first arterial arcade is preserved, 
receiving blood supply from the superior mesen-
teric artery (SMA). The second is divided proxi-
mally – preserved for future anastomosis to the 
left internal thoracic artery. The third arcade is 
divided; the fourth arcade is preserved, receiving 
blood supply from the SMA.  The small bowel 
can be tunneled through the posterior mediasti-
num or retrosternal location [61]. There is a small 
amount of experience with supercharged jejunal 
conduit in the achalasia populations.

 Complications

Esophagectomy is a morbid procedure. Patients 
undergoing esophagectomy for achalasia experi-
ence similar complications to patients undergo-
ing esophagectomy for other indications: 
anastomotic leaks and stenosis, conduit necrosis, 
cardiac-related issues, deep venous thrombosis, 
dumping syndrome, gastric outlet obstruction, 
respiratory failure, chylothorax, and recurrent 
laryngeal nerve injury.

 Anastomotic Leak/Conduit Necrosis

Anastomotic leak is well-described in achalasia 
patients undergoing esophagectomy. Leak rates 
vary between 0% and 16%. Diagnoses hinges on 
clinical observation, radiographic assessment 
using esophagram or CT esophagram, and upper 
GI endoscopy. Management revolves around 
prompt drainage and debridement of devitalized 
tissue.

Conduit necrosis is an infrequent complica-
tion in the achalasia literature. Nonetheless, oper-
ators must be cognizant of it. Diagnosis hinges 
on high clinical suspicion and urgent upper GI 
endoscopy. Fever, hypotension, tachycardia, and 
respiratory insufficiency can be markers of con-
duit death. Conduit necrosis is managed with 
rapid administration of IV antibiotics, urgent sur-
gery, resection of necrotic tissue, and esophageal 
diversion. GI continuity can be reestablished at a 
later time.

 Tracheal Injury

Tracheal injury is a rare but serious complication 
in the achalasia literature. It has been described 
mostly when surgery is performed using the tran-
shiatal technique. The risk of this injury can be 
reduced by performing a transthoracic mobiliza-
tion and keeping the dissection close to the 
esophagus. Management revolves around prompt 
identification and urgent repair using pedicled 
muscle flaps through a right posterolateral 
thoracotomy.

 Cardiac Dysrhythmia

Up to 40% of patients experience cardiac dys-
rhythmia after esophagectomy [62]. The most 
common dysrhythmia is atrial fibrillation, but 
certainly other dysrhythmias can result. For sta-
ble atrial fibrillation, we advocate ruling out con-
current myocardial ischemia, optimized depleted 
electrolyte levels, and rapid chemical cardiover-
sion. For unstable patients, synchronized cardio-
version should be performed.
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 Pneumonia and Pulmonary Embolism

Respiratory complications affect 20–30% of 
patients undergoing esophagectomy. Pneumonia, 
pulmonary embolism, aspiration, and pleural 
effusions are the most common diagnoses [62–
65]. Pneumonia rates vary between 0% and 9% 
in the achalasia literature. Management revolves 
around prompt administration of directed antibi-
otics. We advocate for urgent bronchoscopy for 
patients with mucus plugging and evidence of 
lobar atelectasis on plain radiograph. Pulmonary 
embolism should be diagnosed with CT angio-
gram PE protocol and treated with systemic 
anticoagulation.

 Pleural Effusion and Chylothorax

The incidence of pleural effusion in the achalasia 
population is difficult to ascertain. In the transhi-
atal literature, operators have described placing 
pleural drains in as many as 76% of patients dur-
ing surgery for inadvertent entry into the pleural 
space. When identified, pleural effusions should 
be managed with percutaneous of formal chest 
tube procedures.

The incidence of chylothorax varies between 
0% and 13% in the achalasia literature. Diagnosis 
is determined clinically and biochemically  – 
pleural triglyceride level greater than 110 mg/dL 
and lymphocyte percentage >90% in pleural 
assay. Treatment of high-output chylothorax 
should be surgical ligation of the thoracic duct. 
Low-output fistula can be conservatively man-
aged with NPO and parental nutrition, with 
octreotide administration. Failure to resolve man-
dates surgical re-exploration. Refractory fistulas 
after thoracic duct ligation may require pleurode-
sis or pleural-peritoneal shunting.

 Vocal Cord Paresis

Temporary vocal cord paresis occurs in 0–20% of 
achalasia patients after esophagectomy. Typically 
it is associated with cervical dissection. Cervical 
esophageal exploration using techniques pub-

lished by Orringer (bipolar energy use in the 
neck, minimal cautery use in the deep cervical 
fascia, and no metal retractor placement beneath 
the deep cervical fascia) may reduce the  incidence 
of injury. When suspected, injury should be con-
firmed with indirect laryngoscopy and cord pare-
sis managed with cord injection. Bilateral cord 
injury may require tracheostomy tube 
placement.

 Anastomotic Stenosis

In the achalasia literature, up to 46% of patients 
undergoing esophagectomy will experience post-
operative dysphagia. Treatment of postoperative 
dysphagia is guided by upper GI endoscopy. We 
routinely perform upper GI endoscopy and serial 
dilation using balloon dilators; however Maloney 
or Savary bougies over a wire and under fluoro-
scopic guidance can be used.

 Conduit-Emptying Issues

After esophagectomy, up to 60% of patients will 
experience conduit-emptying problems. The 
highest incidence is in patients with colon con-
duit, but this is well-described in gastric conduit 
series. Some groups have shown that vagal pres-
ervation techniques can reduce the incidence of 
this complication. Management revolves around 
administration of prokinetic agents and in select 
cases gastric-emptying procedures.

 Conclusions

Esophagectomy for achalasia is reserved for 
patients with refractory disease, unmitigated by 
treatment other forms of treatment. Esoph-
agectomy can be performed through a variety of 
techniques, but a transthoracic approach is pre-
ferred. Conduit options include the stomach, 
colon, and small intestine. Complications fol-
lowing esophagectomy occur frequently, and 
prompt diagnosis is necessary to improve out-
comes. Overall outcomes of esophagectomy for 
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achalasia are good when performed in high-vol-
ume centers by experienced surgeons.
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 Introduction

There are many treatment modalities for esophageal 
achalasia, and they all aim to decrease the lower 
esophageal sphincter (LES) pressure and improve 
the emptying of the esophagus into the stomach. 
Available treatments are not curative but rather help 
to relieve patient’s symptoms. Nonsurgical modali-
ties include pharmacological therapy, endoscopic 
botulinum toxin injection (EBTI), pneumatic dilata-
tion (PD), and per-oral endoscopic myotomy 
(POEM). Surgical treatments include laparoscopic 
Heller myotomy (LHM) and esophagectomy [1, 2].

 Pharmacologic Therapy

Pharmacologic agents include smooth muscle 
relaxants, such as long-lasting nitrates, calcium 
channel blockers, and 5′-phosphodiesterase 
inhibitors. Mechanism of action of these drugs 
is relaxation of the smooth muscle of the 
LES. Most of these agents are administered sub-
lingually because the prolonged esophageal 
transit and emptying make absorption and kinet-
ics unpredictable (e.g., nifedipine 10–30  mg 
sublingually 30–45 min before meals or isosor-
bide dinitrate 5  mg sublingually 10–15  min 
before a meal) [3, 4].

Several factors limit the use of these agents for 
the treatment of esophageal achalasia. The dura-
tion of action is short, the symptom improvement 
is very limited, and their efficacy decreases over 
time. In addition, these drugs are associated with 
side effects such as peripheral edema, headache, 
and hypotension that occur in up to 30% of 
patients [5].

Both the Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) 2012 guide-
lines [2] and the International Society for 
Diseases of the Esophagus (ISDE) 2018 guide-
lines [6] recommend against the use of nitrates, 
calcium blockers, or phosphodiesterase inhibi-
tors treatment for symptomatic relief of achalasia 
because of lack of convincing evidence. Medical 
therapy should only be considered in patients 
unwilling or unable to tolerate more invasive 
therapies.
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 Endoscopic Botulinum Toxin 
Injection

Botulinum toxin is a potent inhibitor of acetyl-
choline released from nerve endings, thus 
decreasing LES pressure. The standard protocol 
for EBTI into the LES consists of the injection of 
100 units of toxin with a sclerotherapy needle in 
four quadrants, about 1 cm above the esophago-
gastric junction [7]. Endoscopic botulinum toxin 
injection (EBTI) was first described by Pasricha 
et al. [8] in 1995. He demonstrated symptomatic 
improvement in 82% of patients after EBTI 
compared with 10% of placebo group. After 
6  months, response rate drops to 57% (range 
33–77%), and by 12 months, it drops to around 
48% (range 15–76%) [8–13]. A previous sys-
tematic review and meta-analysis showed relief 
or improvement of symptoms in about 80% of 
patients within 1  month after EBTI [14]. 
Nevertheless, symptoms’ relief decreased at 
3 months (70%), 6 months (53%), and 12 months 
(40%). At least a second EBTI was done in 47% 
of patients.

EBTI is a safe procedure; possible complica-
tions are transient chest pain (20% of patients) 
and heartburn (5–10% of patients). Few reports 
have included pneumothorax, heart block, medi-
astinitis, gastroparesis, and arrhythmia [7].

Predictors for the long-term success of botuli-
num toxin are the presence of vigorous achala-
sia, an LES pressure not exceeding the upper 
normal limit by more than 50% in patients with-
out vigorous achalasia, and age greater than 
55  years [11, 15]. Main predictors of poor 
response to EBTI are lack of an initial symptom-
atic response and residual LES pressure of 
18 mmHg or greater after EBTI.

Overall, the effect of EBTI progressively 
diminishes over time, with more than 60% of 
patients experiencing recurrent symptoms after 
1  year [16]. In addition, EBTI needs to be 
repeated in most patients to achieve some bene-
fits that usually have a short duration due to the 
regeneration of the axons and the development of 
antibodies [17–19]. Furthermore, in patients with 
history of EBTI, a subsequent surgical myotomy 
is usually more challenging because of fibrosis at 
the level of the gastroesophageal junction with 

consequent loss of the normal anatomic planes 
[20]. In cases when fibrosis is present, the risk of 
mucosal perforation is higher and the results are 
less predictable.

 Endoscopic Botulinum Injection 
Versus Pneumatic Dilatation

A recent Cochrane systematic review [21] of 7 
randomized controlled trials (RCTs) including 
178 achalasia patients compared EBTI and PD 
[22–27]. Clinical and manometric evaluations 
were performed between 1 and 4 weeks after the 
initial treatment in all studies. Symptom scores at 
1-year follow-up were available in all studies, 
while LES pressure values at 12  months were 
assessed only in 3 RCTs. Five RCTs reported 
[23–27] the response to the initial endoscopic 
treatment modality at 6 and 12 months. Overall, 
there were no significant differences in symptom 
remission and LES pressure within 1  month of 
the endoscopic treatment between EBTI and 
PD. At 6 months and 12 months, symptom remis-
sion rates were lower after EBTI than PD (52% 
vs. 81%, p  =  0.0015 and 37.5% vs. 73%, 
p = 0.0002, respectively). Esophageal perforation 
occurred in 3 (1.6%) patients after PD.

Based on these data, EBTI seems to be associ-
ated with worse clinical mid- and long-term out-
comes than PD.

 Endoscopic Botulinum Injection 
Versus Laparoscopic Heller Myotomy

It is well known that the outcomes of LHM are 
better than EBTI. Zaninotto et al. [28] randomly 
assigned to EBTI or LHM 100 patients with 
new diagnosis of esophageal achalasia. Six 
months after the index procedure, there was no 
significant difference in LES pressure between 
the two groups, but symptom scores improved 
more after LHM than EBTI, and a greater reduc-
tion in the esophageal diameter was also 
observed after surgery. At 2-year follow-up, the 
percentage of asymptomatic patients was sig-
nificantly lower in the EBTI group (35% vs. 
87.5%, p <0.05).
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The ISDE 2018 achalasia guidelines [6] rec-
ommend that EBTI should be reserved for 
patients who are unfit for surgery or as a bridge to 
more effective therapies such as surgery or endo-
scopic dilation.

 Pneumatic Dilatation

Pneumatic dilatation (PD) has been considered 
the first-line nonsurgical therapy for esophageal 
achalasia for many years. The goal of this proce-
dure is to weaken the lower esophageal sphincter 
by tearing its muscle fibers by generating radial 
force. This procedure is done using a Rigiflex bal-
loon (Boston Scientific Corporation, MA, USA). 
There is so far no clear consensus on the optimal 
method for performing PD regarding the balloon 
diameter, duration of inflation, balloon pressure, 
or interval between the successive dilations. Some 
groups [29, 30] recommend a graded approach 
using a 30  mm balloon in the first session and 
larger balloons (35 mm and 40 mm in diameter) 2 
to 4 weeks later in the presence of persistent 
symptoms secondary to inadequate dilatation. 
Graded PD is an effective treatment in terms of 
symptoms relief, but success rate declines over 
time, and further dilatations are usually required. 
Patients should be advised that when dysphagia 
rapidly recurs after a PD with a 40-mm balloon, 
the response to further PDs is unlikely [31].

Esophageal perforation is the most serious 
complication after PD and should be suspected in 
patients who experience thoracic pain, subcutane-
ous emphysema, shortness of breath, and/or fever 
after the procedure. The rate of perforation after 
PD varies from 2.0% to 5.4% and is more fre-
quent in patients older than 65  years old, with 
high amplitude of contractions in the distal esoph-
agus and with the use of Witzel dilators [32].

The 2018 ISDE achalasia guidelines [6] rec-
ommend that patients should be observed for at 
least 4 hours after PD, and selective gastrografin 
(water-soluble iodine contrast) esophagogram or 
CT scan with oral contrast should be performed if 
any symptoms suggest perforation.

Long-term studies have reported different 
rates of relief of dysphagia at 5  years (40% to 
78%) or beyond (12% to 58% at 15 years) after 

PD. These wide ranges depend on the definition 
of success, on the methods used to evaluate 
patient’s symptoms, and on the number of PDs. 
Even in the series reporting the best long-term 
outcomes, repeated PD sessions are needed in up 
to one-third of patients [33].

Well-recognized predictors of poor response 
after PD are failure after the first or second PD, 
age less than 40 years, male sex, large esophageal 
diameter, type I and III achalasia, and post- 
procedural reduction in LES pressure less than 
50% [34–37].

 Pneumatic Dilatation Versus 
Laparoscopic Heller Myotomy

During the last 10 years, several RCTs compar-
ing PD and LHM have been published [38–47].

The pooled analysis of these RCTs showed 
higher rates of symptom remission after LHM at 
3 months and 1 year, while the outcomes at 2 and 
5 years seemed to be equivalent (remission rate at 
5 years was 85.3% after LHM and 78.2% after 
PD). Overall, 25% of patients required a re- 
treatment, more frequently after PD.  Post- 
procedural LES pressure and the rate of 
pathologic reflux did not significantly differ 
between the two treatment modalities. Similarly, 
quality of life improvement showed no signifi-
cant differences between the two groups.

Although these data support the equivalence 
of both treatment modalities, postoperative com-
plications requiring medical care (mainly esoph-
ageal perforations) occurred more frequently 
after PD than LHM (4.9% vs. 0.8%). In addition, 
the interpretation of these results might be biased 
by some methodological issues of these RCTs 
(small sample size in most of the trials, different 
PD and LHM techniques, and lack of objective 
data about esophageal acid exposure and its cor-
relation with symptoms).

 Pneumatic Dilatation Versus POEM

A retrospective study that compared PD with 
POEM in elderly patients (>65 years) found that 
treatment success (Eckardt score<3) rates at 3, 6, 
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12, 24, and 36 months after treatment were com-
parable between both treatment modalities [48]. 
The study also showed that the presence of mega-
esophagus was a predictive factor of failure for 
both POEM and PD. Meng et al. [49] conducted 
another study that compared POEM (n = 32) with 
PD (n  =  40) for newly diagnosed achalasia. 
Success rates for PD at 3, 6, 12, 24, and 36 months 
were 95, 88, 75, 72, and 60% respectively. For 
POEM, these were 96, 96, 96, 93, and 93% 
(p  =  0.013). On subgroup analysis, the success 
rate was higher for POEM than with PD in all 3 
manometric subtypes, but only in patients with 
type III achalasia, this difference was statistically 
significant.

A recent multicenter randomized controlled 
trial conducted by Ponds et al. [50] compared PD 
(n  =  66) with POEM (n  =  67) in patients with 
treatment naïve achalasia. After 1 year, 92% of 
POEM patients were in clinical remission versus 
70% after PD (p <0.01). One perforation occurred 
after PD and no severe adverse events related to 
POEM were reported.

 Laparoscopic Heller Myotomy

LHM for esophageal achalasia has shown excel-
lent results with low morbidity. Boec kxstaens 
et  al. [39] studied 106 patients who underwent 
LHM and Dor fundoplication and reported a ther-
apeutic success (reduction of Eckardt symptoms 
score to 3 or less) of 93% and 90% at 1 and 2 years 
of follow-up, respectively. Moonen et  al. [40] 
from the same group, with longer follow-up, dem-
onstrated a treatment success at 5 years of 82%. 
Another randomized trial found that with a mini-
mal follow-up of 5 years, only 8% of the patients 
after LHM had recurrence of symptoms [42].

Zaninotto et al. [51] studied 407 consecutive 
patients who underwent LHM and Dor fundopli-
cation during the period 1992–2007 and reported 
a 90% success rate at a median follow-up of 
30 months. Perrone and colleagues [52] analyzed 
a consecutive series of patients who underwent 
LHM and Toupet fundoplication and described 
excellent results in 97% of patients at a median 
follow-up of 26 months.

Several studies have shown that the best out-
comes for LHM are achieved in Chicago type I 
and II achalasia patients. Pandolfino et  al. [53] 
found that type II patients were significantly 
more likely to respond to LHM (100%) than type 
I (56%) and type III (29%). Salvador and col-
leagues [54] reported that in 246 patients who 
underwent LHM treatment, failure rates were 
significantly different: type I 14.6%, type II 
4.7%, and type III 29%.

Symptomatic gastroesophageal reflux has 
been reported to occur in up to 48% of patients 
after a myotomy for achalasia, so it is well recog-
nized that a fundoplication should be added [55].

At first, Nissen fundoplication (360°) was the 
procedure of choice to reduce myotomy-related 
reflux [56]. However, nowadays there is a general 
consensus that a 360° fundoplication can lead to 
an increased rate of postoperative dysphagia. 
Rebecchi et al. [57] conducted a RCT comparing 
anterior partial fundoplication (Dor) versus 360° 
fundoplication (Nissen) and confirmed that the 
Nissen fundoplication has higher rates of postop-
erative dysphagia than the Dor procedure (15% 
vs. 2.8%), without significant difference in reflux 
control.

The 2018 ISDE achalasia guidelines [6] rec-
ommend a partial fundoplication but not a Nissen 
fundoplication to reduce long-term risk of gastro-
esophageal reflux and dysphagia after myotomy. 
The choice between anterior 180° (Dor) or poste-
rior 270° (Toupet) fundoplication should be 
based on surgeon’s experience and preference 
[58, 59].

 Per-oral Endoscopic Myotomy

In 2010, Haruhiro Inoue from the Showa University 
Northern Yokohama Hospital, Japan, published the 
results of a new endoscopic technique called per-
oral endoscopic myotomy (POEM) in 17 patients 
with esophageal achalasia [60]. This procedure 
includes four steps (see Fig. 1.11):

 1. Submucosal injection and mucosal incision 
(Fig. 11.1)

 2. Submucosal tunnel creation (Fig. 11.2)
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 3. Myotomy (Fig. 11.3)
 4. Closure of the mucosal entry (Fig. 11.4)

The study showed that POEM significantly 
improved the dysphagia score in every patient 
(from mean 10 to 1.3) and reduced the resting 
LES pressure from a mean of 52.4  mmHg to 
19.9  mmHg, without serious complications 
related to the procedure. This report represented 
a milestone in the history of the treatment of 
achalasia. Following Inoue’s study, POEM was 
introduced in the treatment algorithm of achala-
sia across the world, and soon many gastroenter-
ologists and surgeons started considering POEM 
as the primary treatment for achalasia.

Von Renteln et al. [61] conducted a prospec-
tive, international, multicenter study involving 

70 patients who underwent POEM in 5 centers 
in Europe and North America, showing 
improvement at 12 months in 82.4% of patients. 
In 2015 Inoue [62] studied a cohort of 500 
POEM patients and found a significant reduc-
tion in Eckardt scores and LES pressure at 
2 months, 1 year, and 3 years post procedure. 
Adverse events rate were 3.2% and there were 
no mortalities. In 2016, Familiari and col-
leagues [63] reported the results of POEM in 94 
patients, and at a mean follow-up of 11 months, 
clinical success was achieved in 94.5% of 
patients. A recent meta-analysis including 36 
studies with 2373 patients reported that clinical 
success (Eckardt score ≤ 3) was achieved in 
98% of the patients after POEM [64].

a b

Fig. 11.1 Submucosal injection and mucosal incision. 
(a) Submucosal injection with a solution of saline, indigo-
carmine, and dilute epinephrine; (b) Mucosectomy with 

electrocautery. (Reprinted with permission © Springer 
Nature [95])

Fig. 11.2 Submucosal tunnel creation. (Reprinted with 
permission © Springer Nature [95])

Fig. 11.3 Myotomy. (Reprinted with permission © 
Springer Nature [95])

11 Comparison of Different Treatment Modalities and Treatment Algorithm for Esophageal Achalasia



96

A major concern with POEM has been the 
high rate of gastroesophageal reflux related to 
the ablation of LES without any antireflux pro-
cedure. In the RCT comparing POEM to 
PD[50], endoscopy at 1 year follow-up showed 
that reflux esophagitis was significantly more 
common in patients treated with POEM (40.0% 
Los Angeles A or B, 8.3% grade C/D), com-
pared to 13% in those treated with PD (all Los 
Angeles A or B). Inoue [62] reported on their 
series of 500 patients that 268 of 414 patients 
(64.7%) had endoscopic findings of reflux 
esophagitis. In 2017, Kumbhari et al. [65] per-
formed a multicenter case-control series study-
ing 282 patients and found post- POEM 
gastroesophageal reflux disease either by 
endoscopy or pH monitoring in 58% of the 
patients. Sharata et  al. [66] studied with pH 
monitoring 68 patients after a mean follow-up 
of 20 months and found an incidence of reflux 
of 38.2%. Worrell et al. [67] found that 70% of 
the patients studied with pH monitoring 
12 months after POEM had pathologic reflux.

 Laparoscopic Heller Myotomy Versus 
POEM

Potential advantages of POEM over LHM include 
lack of abdominal incisions, faster recovery, ease 
of performing a longer myotomy, avoidance of 

vagal nerve injury, and lack of intra-abdominal 
adhesions in case surgery is required [68].

Data comparing LHM with POEM are very 
limited, and to date there have been no random-
ized controlled trials comparing these treatment 
modalities. Swanstrom et al. [69] compared the 
results of LHM (n = 64) and POEM (n = 37), and 
at a mean follow-up of 6 months, both groups had 
sustained similar improvements in their Eckardt 
scores (1.7 vs. 1.2, p = 0.1). Interestingly, post- 
myotomy resting pressures were higher for 
POEM than for LHM (16 vs. 7.1  mm Hg, 
p = 0.006). Bhayani et al. [70] compared LHM 
and POEM, and at 6  months both groups had 
similar improvements in their Eckardt score (1.7 
vs. 1.2, p  =  0.1). Postoperative pH monitoring 
showed abnormal acid exposure in 39% and 32% 
of the patients after POEM and LHM, respec-
tively. Chan et al. [71] performed a retrospective 
cohort study and compared clinical outcomes and 
quality of life after LHM and POEM; 33 patients 
underwent POEM and 23 patients underwent 
LHM. Both procedures achieved similar dyspha-
gia scores at 1, 3, and 6 months and comparable 
quality-of-life outcomes.

Schlottmann et  al. [72] conducted a system-
atic review and meta-analysis which comprised 
53 studies reporting data on LHM (5834 patients) 
and 21 studies examining POEM (1958 patients). 
At 24  months, improvement in dysphagia for 
LHM and POEM was 90.0% and 92.7%, respec-

a b

Fig. 11.4 Closure of the mucosal entry. (a) First clip applied to close the mucosectomy; (b) Mucosectomy clip closure 
in progress. (Reprinted with permission © Springer Nature [95])
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tively (p  =  0.01). Patients undergoing POEM 
were more likely to develop GERD symptoms 
(OR 1.69), GERD evidenced by erosive esopha-
gitis (OR 9.31), and GERD evidenced by pH 
monitoring (OR 4.30).

In patients with type III achalasia (“spastic 
achalasia”), POEM seems to achieve better out-
comes. Kumbhari et  al. [65] reported that in 
patients with type III achalasia, the success rate 
was 80.8% after LHM and 98.0% after POEM 
(p = 0.01). Khashab et al. [73] reported a 96.3% 
successful clinical rate after POEM in 54 patients 
with type III achalasia refractory to medical ther-
apy. Recently, Zhang et al. [74] studied 32 con-
secutive patients with type III achalasia treated 
with POEM, and at a median follow-up of 
27  months treatment success was achieved in 
90.6% of the patients.

Table 11.1 summarizes outcomes of LHM and 
POEM in terms of improvement of dysphagia 
and post-procedural GERD by pH monitoring.

Overall, laparoscopic myotomy and POEM 
seem to achieve comparable symptomatic 
improvement rates. However, patients undergo-
ing POEM have a high risk of post-procedural 
GERD. In patients with type III achalasia, POEM 
could be considered as the first-line treatment 
modality.

 Failed Laparoscopic Heller Myotomy: 
What Next?

Approximately 10–20% of patients undergoing 
LHM will relapse in the mid- or long term and 
need further treatment. The best treatment for 
these patients is still under discussion with many 
options: PD, EBTI, POEM, redo-myotomy, or 
esophagectomy.

Zaninotto et al. [51] performed 407 LHM with 
a failure of 10% (39/407 patients). Most of these 
failures were treated with PD and overcome 
symptoms in 75% of patients. Schlottmann et al. 
[75] treated 147 achalasia patients with LHM. At 
a median follow-up of 22 months, 19 patients had 
recurrence of symptoms and required additional 
treatment: 12 patients were successfully treated 
with PD alone (median 2 PDs/patient), and 4 
were successfully treated with combination of 
PD and EBTI (one session/patient).

PD success rate after LHM seems to be lower 
than primary PD.  However, comparing patients 
treated with PD after failed myotomy to patients 
directly undergoing additional surgery showed 
that the efficacy of PD and redo-surgery were 
similar [76].

POEM is indeed another option after a failed 
LHM. A recent study reported 90 patients treated 

Table 11.1 Outcomes of laparoscopic Heller myotomy (LHM) and per-oral endoscopic myotomy (POEM)

Study (year) Technique N
Follow-up  
(months)

Improvement  
dysphagia (%)

Reflux pH  
monitoring (%)

Rossetti (2005) [85] LHM 195 83.2 91.8 0/15 (0)
Katada (2006 [86] LHM 30 51 80 3/25 (12)
Zaninotto (2008) [51] LHM 407 30 90.4 17/260 (6.5)
Rebecchi (2008) [57] LHM 138 125 91.3 2/138 (1.4)
Sasaki (2010) [87] LHM 35 94 94.3 0/35 (0)
Parise (2011) [88] LHM 137 65 94.8 2/15 (13.3)
Di Martino (2011) [89] LHM 56 24 92.9 4/56 (7.1)
Cuttitta (2011) [90] LHM 49 75 93.9 2/49 (4.1)
Rosati (2013) [91] LHM 173 50 99.4 8/47 (17)
Salvador (2016) [92] LHM 806 49 88.9 40/463 (8.6)
Sharata (2015)[66] POEM 75 20.1 97.9 26/68 (38.2)
Schneider (2016) [93] POEM 25 9 91 4/8 (50)
Worrell (2016) [67] POEM 35 12 90.9 7/10 (70)
Hungness (2016) [94] POEM 112 28 92 10/22 (45.4)
Familiari (2016) [63] POEM 100 11 94.5 39/73 (53.4)

LHM laparoscopic Heller myotomy, POEM per-oral endoscopic myotomy
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with POEM after LHM failure with clinical suc-
cess rates of 81% [77].

The 2018 ISDE Achalasia guidelines [6] state 
that PD rather than repeat myotomy or POEM is 
the first option for treatment after failed Heller 
myotomy.

 Treatment of End-Stage Achalasia

A severely dilated and sigmoid-shaped esopha-
gus is the final outcome of long-standing 
untreated achalasia or the result of recurrences 
and failures of previous treatments (Fig.  11.5). 
Traditionally, end-stage achalasia was managed 
by performing an esophagectomy. However, it is 
well known the high morbidity and mortality 
associated with this procedure.

PD is considered difficult in patients with end- 
stage achalasia, and there is limited evidence that 
PD may be used as first-line therapy. Khan et al. 
[78] reported 9 patients with megaesophagus 
(>7 cm diameter) that underwent PD with good 
symptomatic improvement and no complications 
at 12 months of follow-up.

A LHM is challenging in these patients 
because an extensive dissection in the posterior 
mediastinum is needed to straighten the esopha-
geal axis. In addition, there is usually significant 

periesophageal inflammation secondary to prior 
interventions or esophagitis due to long-standing 
retention of food. Mineo et al. [79] reported their 
experience in a small cohort of patients and LHM 
proved to be effective in improving subjective, 
objective, and quality of life outcome measures 
in patients with sigmoid esophagus. Similarly, 
Sweet et  al. [80] showed that the outcome of 
LHM was not influenced by the degree of esoph-
ageal dilatation. In 12 patients with an esopha-
geal diameter >6  cm and sigmoid-shaped 
esophagus, excellent or good results were 
obtained in 91% of patients, and none required 
esophagectomy.

POEM also seems to be effective in patients 
with end-stage achalasia. Hu et al. [81] performed 
a prospective study in which patients with 
advanced sigmoid-shaped achalasia were 
assigned to POEM. In this study, 32 consecutive 
patients underwent POEM with a treatment suc-
cess of 96.8% with a mean follow-up of 
30 months.

After the failure of all other treatment modali-
ties, esophagectomy should be considered. It is 
important to promptly identify patients in whom 
surgical resection will be needed before patients’ 
nutritional and general conditions become too 
deteriorated increasing the risk of this major 
surgery.

The ISDE 2018 Achalasia guidelines [6] rec-
ommend standard endoscopic (PD or POEM) or 
surgical therapies (LHM) in sigmoid-shaped 
esophagus, leaving esophagectomy as the last 
option in case of failure of the other treatment 
modalities.

 Algorithm for Achalasia Treatment

Medical therapy and/or endoscopic Botox injec-
tion should be considered in patients with 
advanced age or significant comorbidities who 
are not candidates for LHM or POEM. Patients 
who are deemed good surgical candidates should 
undergo LHM (types I and II) or POEM (type 
III). Patients who have failed initial treatment 
should be referred for pneumatic dilatation. If 
symptoms persist, it is reasonable to consider 

Fig. 11.5 End-stage achalasia: barium swallow showing 
a dilatated and sigmoid-shaped esophagus
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POEM for those who underwent LHM initially 
and LHM for those who underwent POEM at first 
[77, 82–94]. Esophagectomy should be reserved 
for patients who have failed all these previous 
interventions (Fig. 11.6).
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 Introduction

Gastroesophageal reflux disease (GERD) is a 
highly prevalent disease associated to heavy bur-
den in quality of life. An appropriate treatment is 
thus essential. Conservative treatment aims to alle-
viate symptoms, heal lesions, and prevent relapses 
and complications by using behavioral and phar-
macologic therapy. On the other hand, surgical 
treatment has the ability to correct the defective 
barrier between the stomach and the esophagus. A 
tailored approach should be used to identify the 
best treatment for each individual [1, 2].

The goal of surgery for GERD is to re- 
establish the antireflux barrier without creating 
obstacles to the transit of the bolus from the 
esophagus into the stomach. In other words, 
GERD surgery needs to achieve a balance 
between flux and reflux. Esophageal surgery, 
however, was a challenge for surgeons due to 
anatomical, histological, and physiological issues 
[3]. The beginning of the surgical approach to the 
esophagus dates from the seventeenth century for 

the treatment of trauma and subsequently of 
esophageal cancer. Operations for GERD were 
first reported in the twentieth century. The delay 
in the development of surgical intervention for 
GERD is probably related to lack of understand-
ing of the pathophysiology of GERD and the 
limitation of diagnostic methods [4].

GERD symptoms have been reported since 
ancient Rome, but they received little clinical 
relevance until the last century. Only in 1935, 
Winkelstein popularized reflux esophagitis as a 
new pathological entity [5], even though it had 
first been reported by Quincke in 1859 [6]. 
Rokitansky in 1855 demonstrated that esophagi-
tis was due to gastroesophageal reflux [7].

The history of antireflux surgery reflects a 
progressive understanding of the pathophysiol-
ogy of GERD. Allison, as an example, was a pio-
neer of antireflux operations, but at his time, 
GERD and hiatal hernia (HH) were considered 
synonyms [8]. He proposed HH reduction to 
solve GERD symptoms [8, 9]. Predictably, the 
recurrence rate was very high, and symptoms 
control suboptimal. The role of Nissen in the his-
tory of fundoplication should be highlighted, as 
well as the various technical changes that were 
later proposed [10–12]. However, today many 
lessons from the past are ignored and those who 
fail to remember them are doomed to repeat the 
same mistakes.

This chapter will review important aspects of 
the history of GERD treatment.
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 Hiatal Hernia Repair: Early Attempts 
to Control GERD

GERD was a synonym for HH for a long time [7, 
9, 13]. The description of HH – as we understand 
today  – was initially reported based on post- 
mortem examination by Morgagni [14] (Fig. 12.1) 
in 1769 and in vivo by Eppinger in 1909 [15].

It is interesting to note that the first description 
of a HH was performed by X-ray. In that same 
year, the first surgical intervention for HH was 
described [16]. Eppinger in 1911 summarized the 
literature on diaphragmatic hernia and reported 
that of 635 cases of herniation through various 
portions of the diaphragm, only 11 involved the 
esophageal hiatus [15]. Akerlund in 1926 pro-
posed the term HH and classified it in the three 
types we use today [7]. Bernstein in 1947 reviewed 
the HH theme and concluded that one of the rea-

sons for the low number of diagnoses was that HH 
could be missed by autopsy as muscles are relaxed 
and intra-abdominal pressure decreased [17]. The 
technique of X-ray examination with the patient 
in the upright posture generally also fails to visu-
alize these hernias. Examination in a reclining or 
even Trendelenburg position with application of 
manual pressure to the upper abdomen is neces-
sary to demonstrate HH. These hernias may dis-
appear as soon as the patient is brought back into 
the upright posture, or the increased abdominal 
pressure is released [16].

The first elective surgical repair of HH enti-
tled “diaphragmatica” repair was reported in 
1919 by Angelo Soresi [18], although the phys-
iopathological link between HH and gastro-
esophageal reflux was only established in the 
second half of the twentieth century by Allison 
in Leeds and Barrett in London. We feel that the 
modern age of antireflux surgery was initiated 
by the English surgeon Allison (Fig. 12.2) who 
in 1951  repositioned the stomach into the abdo-

Fig. 12.1 Giovanni Battista Morgagni(1682–1771) was 
an Italian anatomist, regarded as the father of modern ana-
tomical pathology. (Public domain reproduced from 
Wikipedia.org)

Fig. 12.2 Philip R. Allison (1908–1974) a thoracic sur-
geon from Leeds, UK. (Reproduced with permission 
©Nuffield Department of Surgical Sciences, University of 
Oxford)
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men and approximated the crural fibers behind 
the esophagus [19].

Allison’s 20-year follow-up showed good 
results with improvement of symptoms in 80% of 
patients. Modern attempts to correct HH without 
other procedure such as a fundoplication failed to 
control GERD adequately [20]. HH repair, how-
ever, was granted as a necessary part of anatomi-
cal restoration to control GERD.

 Angle of His Restoration: Early 
Attempts to Control GERD

Parallel to hiatal hernia repair, some surgeons 
focused on the angle of His as antireflux mecha-
nism (Fig. 12.3) [21].

Barrett [22] (Fig. 12.4) and latter Lortat-Jacob 
[23] (Fig. 12.5) were pioneers on the restoration 
of the cardioesophageal (His) angle as an ele-
ment for GERD prevention.

As a consequence, the angle of His gained 
importance as an indispensable antireflux mecha-
nism. It is important to note that while Allison 
focused on the reduction of HH and adequate 
 closure of the diaphragmatic sling, Barrett priori-
tized restoration of the cardioesophageal angle as 
a critical element in preventing reflux [7].

Fig. 12.3 Wilhelm His (1831–1904) a German anatomist 
that described the angle named after him. (Public domain 
reproduced from Wikipedia.org)

Fig. 12.4 Norman R. Barret (1903–1979) a thoracic sur-
geon who is primarily remembered for describing 
Barrett’s esophagus. (Reproduced from Researchgate 
under CC BY 2.0 license)

Fig. 12.5 Jean-Louis Lortat-Jacob (1908–1922) a French 
surgeon also recognized as the first one to reconstruct the 
alimentary tract after an esophagectomy in France and to 
perform the first anatomic hepatectomy
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http://wikipedia.org


108

 The Rise of the Fundoplication

It is impossible to talk about the history of GERD 
surgery without citing the key role of Rudolph 
Nissen (Fig. 12.6). Nissen was born in Schlesien 
in 1896, began his career in German in 1921, and 
died in Basel in 1981. Of historical importance 
are his work in thoracic surgery such as the first 
successful pneumonectomy in man; however, it 
was his antireflux operation that made him 
famous worldwide [24–28].

The Nissen technique was first introduced dur-
ing the operation of a young patient with a distal 
esophageal ulcer penetrating the pericardium. 
After resection of the distal esophagus and cardia, 
the anastomosis was protected wrapping the distal 
esophagus with the posterior wall of the stomach. 
The patient had an excellent recovery and did not 
develop esophagitis. It is of notice that the short 
gastric blood vessels were not ligated, and the hia-
tus was not approximated. As such, the ideal anti-
reflux operation was not perfected yet [25–28].

 The Technical Evolution 
of the Fundoplication

André Toupet (Fig. 12.7) played an important 
role in the development of many operations, but 
he is recognized for the antireflux procedure 
that bears his name. Unlike Nissen who per-
formed a 360-degree wrap, Toupet proposed a 
270-degree posterior wrap, which would pro-
duce less postoperative dysphagia than Nissen 
fundoplication [29].

Other authors such as Jacques Dor [30] and 
Vicente Guarner [31] also proposed different par-
tial fundoplications [32]. Dor proposed an ante-
rior 180-degree fundoplication, while Guarner 
used a posterior partial fundoplication with clo-
sure of the hiatus.

Studies comparing Lortat-Jacob [23], Toupet, 
and Nissen procedures proved that isolated res-
toration of the cardioesophageal angle has infe-
rior outcomes as compared to a fundoplication 

Fig. 12.6 Rudolph Nissen (1896–1981) a German sur-
geon that also acted in Turkey, the Unites States, and 
Switzerland. (Reproduced from Images from the History 
of Medicine – National Library of Medicine)

Fig. 12.7 André Toupet (1915–2015) a Parisian surgeon 
that also developed 20 new instruments and 40 proce-
dures. (Reused with permission ©French Academie 
Nationale de Chirurgie)
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[33–35]. History showed that correction of a 
single natural antireflux mechanism is not 
enough.

Some authors have performed a Nissen fun-
doplication without a hiatoplasty, neglecting 
the diaphragm as an antireflux mechanism. The 
results showed a large number of HH recur-
rences and consequently very poor control of 
reflux. This experience further strengthened the 
role of the diaphragm as an antireflux mecha-
nism. In 1965 Nissen and Rossetti proposed a 
variation of the technique in overweight 
patients, using the anterior wall of the stomach 
to wrap the distal esophagus [27]. The follow-
up of 590 cases showed 90% relief of symp-
toms [36, 37]. Other technical changes were 
made but were eventually abandoned such as 
the addition of pyloroplasty or vagotomy 
[38–42].

Two modifications, however, showed 
improvement in results especially decreasing 
the rate of dysphagia and gas symptoms. 
Donahue et al. made the Nissen valve “floppy,” 
with a loose wrapping of the esophagus [43]. 
The advantages of a loose “floppy” wrap in 
avoiding the gas bloat syndrome have been well 
documented, and it was an important historical 
learning (Fig. 12.8) [44].

DeMeester et  al. (Fig.  12.9) made the valve 
shorter, decreasing significantly the size of the 
fundoplication from the original 5 cm to 1.5–2 cm. 
Evaluation of primary repair in 100 consecutive 
patients showed excellent results, and currently 
most surgeons prefer this shorter wrap[45].

The first minimally invasive (laparoscopic 
Nissen fundoplication) was performed in 1991 by 
Bernard Dallemagne [46]. Robotic arms were used 
the first time in 1998 [47, 48]. Figure 12.10 shows 
Nissen fundoplication and its modifications.

Fig. 12.8 Philip E. Donahue (1942–2009) an American 
surgeon and pioneer in laparoscopic surgery. (Reuse with 
permission ©Department of Surgery, University of Illinois 
at Chicago)

Fig. 12.9 Tom Ryan DeMeester (1938–) an American 
surgeon that dedicated his entire career to the esophagus, 
and it is also known by the composite score that defines 
reflux on pH monitoring. (Courtesy Ms. Carol DeMeester)
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 Beyond Fundoplication

There are modern attempts to create alternative 
procedures to Nissen fundoplication. These 
techniques act on the augmentation of the 
esophagogastric barrier by decreasing the com-
placency of the esophagogastric junction, artifi-
cial sphincters implantation, endoluminal 
plication, or electric stimulation of the lower 
esophageal sphincter. Neither one restores all-
natural mechanisms like a Nissen fundoplica-
tion and hiatoplasty does. Time will tell if these 
procedures will persist in the armamentarium to 
treat GERD [49–51].

 Conclusions

Current gold standard surgical therapy for GERD 
is the procedure created by Nissen and modified 
along time to reach the modern laparoscopic 
360-degree short-floppy fundoplication associ-
ated to a hiatoplasty (Fig.  12.11). Current and 
future developments must be compared to this 
time-proven operation.Fig. 12.10 Nissen fundoplication and its modifications. 

(Reproduced with permission © Oxford University Press 
[48])
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 Introduction

Gastroesophageal reflux disease (GERD) affects 
approximately 20% of the population in the 
United States, and its prevalence is increasing 
worldwide, mostly due to the epidemic of obesity 
[1]. The economic impact of this disease is 
remarkable, with direct healthcare costs of 
approximately $10 billion per year, being proton- 
pump inhibitors (PPI) the largest contributors of 
these expenses (nearly $6 billion) [2, 3].

Patients with GERD may present with a wide 
variety of symptoms. The Montréal classification 
was created in 2006 to provide a diagnostic stan-
dardization of the symptomatology of the disease 
[4]. This classification defined GERD as “a con-

dition resulting from reflux of stomach contents 
and causing troublesome symptoms or complica-
tions, occurring at least 2 times per week, with an 
adverse effect on an individual’s well-being.” 
The consensus group stated that GERD might 
present with typical or “esophageal” symptoms 
(heartburn, regurgitation, and dysphagia) and 
atypical or “extraesophageal” symptoms (such as 
chronic cough, laryngitis, hoarseness, or even 
asthma).

Due to the complex clinical manifestations of 
GERD, the diagnostic evaluation of patients with 
suspected GERD should include multiple tests. 
The Esophageal Diagnostic Advisory Panel 
(multidisciplinary team of experienced gastroen-
terologists and surgeons) achieved a consensus 
on the optimal preoperative evaluation for 
patients with GERD, indicating that upper endos-
copy, barium esophagram, esophageal manome-
try, and pH monitoring are always required before 
surgery. The panel also recommended that a gas-
tric emptying study and combined multichannel 
impedance pH (MII-pH) should be performed in 
selected patients [5].

 Clinical Findings

Heartburn, regurgitation, and dysphagia are 
considered typical esophageal symptoms of the 
disease. GERD can also cause atypical or extra-
esophageal symptoms such as cough, wheezing, 
chest pain, hoarseness, and dental erosions. Two 
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mechanisms have been postulated for GERD-
induced respiratory symptoms: (1) a vagal reflex 
arc resulting in bronchoconstriction and (2) 
microaspiration into the tracheobronchial tree. 
Hoarseness and dental erosions are instead sec-
ondary to the upward extent of the acid with 
direct damage of the vocal cords or teeth 
(Table 13.1).

The clinical evaluation should also investi-
gate the effect of antireflux medications on 
symptoms relief. In fact, a good response to 
therapy with proton-pump inhibitors (PPI) is a 
good predictor of both the presence of abnor-
mal reflux and success after antireflux surgery 
[6–8].

A diagnosis of GERD based only on symp-
toms is wrong in many patients because clinical 
findings are neither sensitive nor specific, and 
there is considerable overlap with other gastroin-
testinal disorders [9]. For instance, Patti and col-
leagues [10] showed that after performing pH 
monitoring in 822 patients referred for antireflux 
surgery with the diagnosis of GERD based on 
symptom evaluation, 247 (30%) had a normal 
reflux score. Thus, objective esophageal testing is 
mandatory to document the presence of GERD, 
particularly when surgical treatment is 
considered.

 Diagnostic Evaluation

Patients with suspected GERD should be evalu-
ated with upper endoscopy, barium swallow, 
esophageal manometry, and ambulatory pH mon-
itoring. A gastric emptying study and combined 
multichannel impedance pH may be needed in 
selected cases.

 Upper Endoscopy

An upper endoscopy is often the first test per-
formed in patients with suspected GERD.   
However, around 50–60% of patients with 
abnormal reflux evidenced by pH monitoring 
do not have any evidence of mucosal damage 
[11, 12]. A diagnosis of erosive reflux esopha-
gitis is established when there are patchy, stri-
ated, or circular and confluent epithelial defects 
(erosions) in the mucosa in the distal 
esophagus.

The Los Angeles (LA) classification is the 
most validated classification system for esopha-
gitis (Table 13.2). LA grade A refers to one or 
more mucosal breaks no longer than 5 mm, not 
bridging the tops of mucosal folds (Fig. 13.1). 
LA grade B refers to one or more mucosal 
breaks more than 5  mm long that does not 
extend between the tops of two mucosal folds 
(Fig.  13.2). LA grade C is defined by one or 

Table 13.1 Gastroesophageal reflux disease esophageal 
and extraesophageal symptoms

Gastroesophageal reflux disease symptoms
Esophageal Heartburn

Regurgitation
Dysphagia

Gastric Bloating
Early satiety
Belching
Nausea

Pulmonary Aspiration
Dyspnea
Wheezing
Cough
Asthma

Ears-nose-throat Globus
Hoarseness

Cardiac Chest pain

Table 13.2 Los Angeles classification system for 
esophagitis

Los Angeles classification
Grade A Mucosal breaks ≤5 mm long, none  

of which extends between the tops  
of the mucosal folds

Grade B Mucosal breaks >5 mm long, none  
of which extends between the tops  
of two mucosal folds

Grade C Mucosal breaks that extend between 
the tops of ≥2 mucosal folds, but 
which involve <75% of the 
esophageal circumference

Grade D Mucosal breaks which involve ≥75%  
of the esophageal circumference

F. Schlottmann et al.
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more mucosal breaks bridging the tops of muco-
sal folds involving <75% of the circumference 
(Fig.  13.3). LA grade D is defined by one or 
more mucosal breaks bridging the tops of muco-
sal folds involving >75% of the circumference 
(Fig. 13.4). Unfortunately, particularly for low-
grade esophagitis, a high interobserver variabil-
ity has been shown for the determination of the 
LA grade [13].

The endoscopy is also useful for diagnosing 
complications of GERD such as Barrett’s esoph-
agus and/or strictures. In addition, this study is 
valuable for excluding other pathologies such as 
eosinophilic esophagitis, gastritis, peptic ulcer, 
and cancer.

 Barium Swallow

The barium swallow test has no diagnostic role per 
se because the presence of gastroesophageal reflux 
during the test does not correlate with the pH mon-
itoring data. For instance, a previous study demon-
strated the absence of any radiological sign of 
reflux in 53% of patients with GERD confirmed 
by ambulatory 24-hour pH monitoring [14].

Although this test does not provide objective 
evidence of GERD, it has a great value in preop-
erative planning because it gives information 
about different anatomic variables (i.e., presence 
and degree of esophageal shortening, diverticu-
lum, stricture, or hiatal hernia). In particular, the 

Fig. 13.1 LA grade A: one or more mucosal breaks no longer than 5 mm, not bridging the tops of mucosal folds

Fig. 13.2 LA grade B: one or more mucosal breaks more than 5 mm long that does not extend between the tops of two 
mucosal folds

13 Clinical and Diagnostic Evaluation of GERD



116

ability to distinguish between a type I sliding hia-
tal hernia and a type III paraesophageal hernia 
has implications for the complexity of the 
operation.

 Esophageal Manometry

The esophageal manometry has limited valued 
for the diagnosis of GERD. However, it plays an 
important role during the evaluation of a patient 
with suspected GERD.  First, the manometry is 
necessary for the correct placement of the pH 
monitoring probe (5 cm above the upper border 
of the lower esophageal sphincter). Second, it can 
rule out primary esophageal motility disorders 
(mainly achalasia) that present with similar 

symptoms to those with GERD.  Finally, most 
surgeons will tailor the degree of fundoplication 
(total vs. partial) based on the peristaltic coordi-
nation and contractile force of the esophageal 
body (Fig.13.5).

 Ambulatory pH Monitoring

The ambulatory pH monitoring provides objective 
evidence of abnormal reflux and is considered the 
gold standard for the diagnosis of GERD. This test 
should be performed: (1) in patients with persis-
tent symptoms on PPI or in those who complain of 
symptoms without endoscopic evidence of esoph-
agitis; (2) in patients who relapse after discontinu-
ation of medical therapy; (3) before an antireflux 

Fig. 13.3 LA grade C: one or more mucosal breaks bridging the tops of mucosal folds involving <75% of the 
circumference

Fig. 13.4 LA grade D: one or more mucosal breaks bridging the tops of mucosal folds involving >75% of the 
circumference
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operation; or (4) when evaluating atypical symp-
toms such as cough, hoarseness, and chest pain.

Acid-suppression medications should be dis-
continued on patients undergoing this test (H2 
blocking agents for 3 days and PPIs for 7 days 
before the test) [15]. Diet and exercise are unre-
stricted during the test in order to mimic a typical 
day of the patient’s life. The DeMeester score is a 
composite score calculated by points attributed to 
each standard deviation above the reference value 
for six parameters evaluated and has been used 
since 1970s to categorize patients as GERD + or 
GERD - by pH monitoring (Table 13.3) [16]. The 
temporal correlation between patients’ symp-
toms and reflux events (a given symptom is con-
sidered associated with a reflux event if it occurs 
within the 2-minute interval after the reflux 

event) is also important and can be established by 
either the symptom index or the symptom asso-
ciation probability [17, 18].

The pH monitoring can be performed by either 
a transnasal catheter placement (5 cm above the 
manometrically determined lower esophageal 
sphincter) for 24  hours or an endoscopically 
placed BRAVO wireless capsule (6 cm above the 
squamocolumnar junction) which collects pH 
data for 48 hours. Both conventional pH monitor-
ing and wireless 48-h pH monitoring represent 
valid diagnostic methods for GERD, and centers 
should select the study based on their clinical 
experience and expertise [19].

Esophageal pH testing can also be combined 
with impedance to detect any type of reflux event 
(acid, weakly acidic, or nonacidic). This study 
may have particular value in patients who are 
refractory or unresponsive to PPI therapy [20, 21]. 
However, impedance testing is prone to interpre-
tation error and the role of antireflux surgery in 
patients with abnormal non-acid reflux on acid 
suppression remains unclear (Fig. 13.6) [22].

 Gastric Emptying Study

Gastroparesis may be associated with GERD in a 
very small percentage of patients. Therefore, this 

Fig. 13.5 High-resolution manometry showing normal peristalsis. (Reused with permission © Springer Nature [23])

Table 13.3 Ambulatory pH monitoring normal values

Normal values for 24-hour pH monitoring
Percentage of total time pH < 4.0 4.5%
Percentage of upright time pH < 4.0 8.4%
Percentage of supine time pH < 4.0 3.5%
Number of episodes of reflux 47
Number of episodes >5 minutes 3.5
Longest episode (minutes) 20
DeMeester scorea 14.7

aThe DeMeester score is a composite score calculated by 
points attributed to each standard deviation above the ref-
erence value for the six parameters evaluated
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study should not be performed routinely during 
the evaluation of patients with GERD in prepara-
tion for antireflux surgery but should be rather 
indicated in selected cases: patients with nausea 
and postprandial bloating, patients with evidence 
of food in the stomach despite an overnight fast, 
and patients with other risk factors such as diabe-
tes and chronic opiate use.

 Conclusions

Patients with GERD may present with a wide 
variety of symptoms. Clinical findings are not 
specific and there is considerable overlap with 
other gastrointestinal disorders. Therefore, an 
extensive diagnostic workup that includes upper 
endoscopy, barium swallow, esophageal manom-
etry, and ambulatory pH monitoring is needed for 
patients with suspected GERD planning to 
undergo antireflux surgery.
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Medical Treatment of GERD

Charles Muller, Natalie Tapaskar, 
and Robert T. Kavitt

 Lifestyle Modification

Lifestyle modifications are considered first line 
for treatment of gastroesophageal reflux disease 
(GERD). The abnormal reflux of acidic gastric 
secretions beyond the lower esophageal sphinc-
ter (LES) into the esophagus is responsible for 
the symptoms and mucosal injury associated 
with GERD.  Avoidance of certain foods or 
behaviors that facilitate the pathologic reflux of 
gastric contents to the esophagus and symptoms 
of acid exposure have therefore traditionally 
been recommended for patients with GERD [1–
4]. These recommendations can be grouped into 
three categories: avoidance of foods that precipi-
tate reflux (coffee, chocolate, peppermint, alco-
hol, fatty foods), avoidance of spicy or acidic 
foods that cause heartburn (citrus, tomatoes), 
and adoption of behaviors that promote LES 

integrity to prevent esophageal acid exposure 
(smoking cessation, avoidance of recumbent 
position for 2–3 hours after meals, raising head 
of bed, and weight loss).

Although studies have demonstrated the abil-
ity of such lifestyle modifications to improve 
physiologic parameters of GERD (e.g., LES tone, 
esophageal pH), data supporting the ability of 
such interventions to improve symptoms or other 
measurable disease endpoints are lacking. A sys-
tematic review of dietary and lifestyle modifica-
tions for GERD demonstrated that there is little 
evidence to support the notion that cessation of 
alcohol, smoking, chocolate, coffee, or acidic 
foods results in improvement of GERD [5], 
despite studies demonstrating the influence of 
these substances on LES pressure [6–13] or 
esophageal pH [14–19]. In spite of the fact that 
the recommendations for dietary and substance 
avoidance are based on observational evidence 
without proven improvements in GERD out-
comes, a subset of patients receive symptomatic 
benefit from such interventions. It is therefore 
recommended that association between dietary 
exposures and symptoms be explored with con-
sideration of trigger avoidance.

Postprandial recumbency is thought to pro-
mote esophageal acid exposure through decreased 
gravity-mediated acid clearance. This principle 
guides the recommendations to raise the head of 
the bed and to avoid eating for 2–3 hours before 
sleeping. Head-of-bed elevation by 6–8 inches 
with foam wedges or blocks has been shown in 
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several RCTs to improve esophageal acid expo-
sure [20, 21], reduce symptoms [7], and heal 
esophagitis in patients with GERD [22]. Data 
regarding late evening meals has been conflict-
ing. Whereas one study demonstrated lower 
intragastric nocturnal pH in healthy patients fol-
lowing a late evening meal [23], a study of 
patients with GERD showed that timing of eve-
ning meal had no impact on esophageal pH or 
symptoms of reflux [24].

Obesity contributes to the development of 
GERD via multiple mechanisms, including 
increased gastroesophageal pressure gradient, 
increased incidence of hiatal hernia, and attenu-
ated integrity of the esophagogastric junction 
[25]. Multiple large observational studies have 
demonstrated a dose-dependent relationship 
between BMI and GERD symptoms and compli-
cations [26–28]. Weight loss has been shown to 
have beneficial effects on LES function and 
esophageal acid exposure [29–31]. A large case- 
control study further demonstrated a reduction in 
GERD symptoms by up to 40% with significant 
loss of weight [26]. Although earlier prospective 
studies on the effects of weight loss on GERD 
symptoms have produced conflicting results [32, 
33], more recent data suggest that weight loss is 
efficacious [34]. Despite the mixed results of 
well-designed prospective studies, weight loss 
remains a promising therapeutic option and con-
tinues to be recommended for overweight patients 
with GERD [4].

 Non-Proton Pump Inhibitor-Based 
Medical Therapy

 Nonabsorbable agents

 Antacids
Antacids are over-the-counter medications typi-
cally utilized for temporary relief of episodic 
mild GERD symptoms that occur less than once 
a week [35]. They are inorganic salts with wide 
variability in their chemical composition consist-
ing of aluminum, calcium, magnesium, and/or 
sodium. They were traditionally believed to par-

tially neutralize gastric hydrochloric acid. 
However, recent data has challenged this mecha-
nism and demonstrates that some antacids exert 
more of an effect on raising esophageal rather 
than gastric pH [36–38]. Calcium carbonate for-
mulations are the most potent followed by sodium 
bicarbonate, then magnesium, and lastly alumi-
num salts (Table 14.1) [39].

Studies comparing the different methods of 
delivery of antacids demonstrate that antacid 
chewing gums provider faster and more pro-
longed symptom relief and pH control than chew-
able tabs and liquids, respectively. This may be 
because chewable tabs remain in the mouth lon-
ger and expose the esophagus to numerous 
smaller boluses of antacid over a longer time 
period than do liquids [38, 40, 41]. While antac-
ids have rapid onset, their effect is short acting, 
and because they do not significantly alter gastric 
pH, they do not prevent subsequent reflux epi-
sodes from exposing the esophagus to caustic 
gastric acids.

Limited data exists comparing antacids to 
other medications. Two studies evaluated the 
effect of antacids on healing rates of esophagitis 
and found no improvement compared to placebo 
[2, 42–44]. Two studies found an improvement in 
symptoms with antacids compared to placebo, 
though this was only significant in one study [2, 
42, 43]. Three studies have compared cimetidine 
1200 mg/day [45, 46] or ranitidine 300 mg/day 
[47] with antacids for 6 and 12 weeks. It was 
found that the symptomatic response was equiva-
lent or better with H2Ras; however, this was sig-
nificant in only one study [45].

Antacids are generally well tolerated, with 
adverse effects being of greater significance with 
higher doses and prolonged use. Antacids have 
many potential drug interactions, some of which 
are outlined in Table 14.2. Overall antacids have 
little effect on healing erosive esophagitis but are 
likely nearly as effective as H2RAs. For patients 
with milder disease, antacids are likely more 
effective than placebo and, because of their rapid 
onset, may be useful to those with milder symp-
toms or for use as breakthrough relief while on a 
PPI or H2RA.
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Table 14.1 Characteristics of non-PPI GERD therapy [39]

Drug Mechanism

Acid- 
neutralizing 
capacity 
(mEq/15 mL of 
commercial 
product) Dosage Adverse reactions

Antacids
Aluminum hydroxide Neutralizes 

hydrochloride in the 
stomach to form Al (Cl)3 
salt + H2O, resulting in 
increased gastric pH and 
inhibition of pepsin 
activity

29 640 mg five to six 
times daily after 
meals and at 
bedtime 
(maximum, 
3840 mg in 
24 hours)

Constipation
Significant aluminum 
retention may occur in 
renal failure causing 
neurotoxicity

Calcium Carbonate Neutralize gastric acidity 
resulting in increased 
gastric and duodenal bulb 
pH; inhibit proteolytic 
activity of pepsin if the 
pH is increased >4 and 
increase lower 
esophageal sphincter tone

58 One to four tabs as 
needed; 
(maximum, 
8000 mg in 
24 hours

Milk alkali syndrome is 
a rare complication of 
excessive calcium 
carbonate antacid intake 
along with other 
calcium containing 
compounds

Magnesium hydroxide Reacts with gastric 
hydrochloric acid 
producing magnesium 
chloride and water 
raising pH

35 311 mg/tab: two to 
four tabs every 
4 hours (maximum, 
1244 mg in 
24 hours)

Diarrhea
Use with extreme 
caution in patients with 
myasthenia gravis or 
other neuromuscular 
disease as may 
exacerbate muscle 
weakness
Significant magnesium 
retention may occur in 
renal failure leading to 
hypermagnesemia

Magnesium oxide Reacts with gastric 
hydrochloric acid 
producing magnesium 
chloride and water 
raising pH

8–20 400 mg/tab: one 
tab twice a day 
(maximum, 800 mg 
in 24 hours)

Sodium bicarbonate Dissociates to provide 
bicarbonate ion which 
neutralizes hydrogen ion 
concentration and raises 
blood and urinary pH

17 325 mg – 2 g tabs 
(maximum, one to 
four tabs in 
24 hours)

When taken with 
calcium in excess, may 
lead to milk-alkali 
syndrome
Significant sodium 
retention may occur in 
renal failure

Alginate: aluminum 
hydroxide/magnesium 
carbonate/alginate

Viscous gel formation of 
near-neutral pH within 
minutes of contacting 
gastric acid triggering 
sodium bicarbonate in 
the formulation to release 
carbon dioxide, which 
becomes trapped in the 
alginate gel, causing it to 
float to the top of the 
gastric contents

Aluminum 
hydroxide 160 mg/
magnesium 
carbonate 105 mg; 
2–4 tabs 4 times 
daily (maximum, 
16 tabs per 
24 hours)

Significant aluminum 
retention may occur in 
renal failure causing 
neurotoxicity
Constipation
Some dosage forms may 
contain benzyl alcohol 
which may cause fatal 
toxicity in neonates 
taking large doses

(continued)
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 Alginate
An alternative method to managing GERD is to 
impede the flow of acidic refluxate. The acid 
pocket is an area of relatively unbuffered highly 
acidic material localized to the proximal stom-
ach postprandially. Alginates are natural poly-
saccharide polymers that create a mechanical 
barrier to acid reflux. In the presence of gastric 
acid, they precipitate into a viscous gel of near-
neutral pH and form a raft that floats within the 
stomach and displace the postprandial acid 
pocket away from the gastroesophageal junc-
tion. This mechanical barrier reduces reflux for 
up to 4 hours after ingestion [2, 48]. A 2017 
meta-analysis of alginate- based therapy com-
pared to placebo, antacids, H2RAs, and PPIs 
included 14 randomized controlled trials and 
demonstrated that alginate therapy was favored 
over placebo and antacids in resolution of 
symptoms in those with nonerosive GERD 
[48]. There was a trend toward alginates being 
less effective at symptom control than H2RAs 
and PPI therapy, but this was not statistically 
significant [48].

Alginate–antacid formulations can have vari-
able compositions Table  14.1. Alginates should 
be considered as an alternative to other antacids 
in patients with infrequent, mild symptoms, espe-
cially if they occur predominantly postprandially. 
They can also be considered as adjunctive ther-
apy for those on maintenance PPIs [49].

 Sucralfate
The use of sucralfate is discussed later in this 
chapter in the section “Management of GERD in 
Pregnancy.”

 Inhibitors of Transient Lower 
Esophageal Sphincter Relaxations 
(TLESRs)

 Baclofen
Persistent GERD symptoms in patients on PPI 
maintenance therapy may be due to ongoing 
weakly acidic or alkaline reflux, in which further 
reduction of symptoms is unlikely to occur with 
increased gastric acid suppression [2, 50]. 
Inhibiting TLESRs via neurotransmitters and 
receptors such as gamma-aminobutyric acid 
(GABA), nitric oxide, cholecystokinin, and 
metabotropic glutamate receptor 5 (mGluR5) 
may improve symptoms. Thus far, GABA and 
mGluR5 are considered the dominant signaling 
pathways, but baclofen (a GABA-B agonist) is 
the only medication that has demonstrated effi-
cacy in reducing TLESRs and reflux [2, 51].

A meta-analysis of nine randomized con-
trolled trials comparing baclofen to placebo con-
cluded that baclofen reduced the number of reflux 
episodes, average length of episodes, and the 
incidence of TLESRs [52]. Small uncontrolled 
trials have demonstrated a benefit for baclofen 

Table 14.1 (continued)

Drug Mechanism

Acid- 
neutralizing 
capacity 
(mEq/15 mL of 
commercial 
product) Dosage Adverse reactions

Baclofen Selective GABA(B) 
receptor agonist Inhibits 
the transmission of 
monosynaptic and 
polysynaptic reflexes at 
the spinal cord level, 
resulting in relief of 
muscle spasticity

Initial: 5 mg three 
times daily. 
Increase by 5 mg 
per dose every 
3 days until 
optimal response is 
reached. Usual 
dosage range: 40 to 
80 mg daily. 
(maximum, 80 mg 
per 24 hours)

Crosses the blood–brain 
barrier:
  Somnolence
  Confusion
  Dizziness
  Drowsiness
  Headache
Nausea, vomiting
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when used for refractory duodenal reflux in 
patients with ongoing symptoms on PPI therapy 
[53]. The use of baclofen three times a day before 
meals may be considered as an adjunct for 
patients with persistent symptoms on PPI ther-
apy. Pharmacokinetics and adverse reactions are 
noted in Tables 14.1 and 14.2.

 Antisecretory Agents

 Histamine-2 Receptor Blockers (H2RAs)
H2RAs slow gastric acid production by competi-
tively and reversibly binding to H2 receptors on 
gastric parietal cells. Compared to antacids, 
H2RAs have a slower onset of action (reaching 

Table 14.2 Drug interactions related to the use of antacids and drug interactions

Drug
Antacid drug interaction (effect on 
drug in first column) Mechanism

Aspirin (enteric coated) Increased rate of absorption Enhanced drug release from 
dosage form

Beta blockers
  Atenolol Decreased bioavailability and 

prolonged half-life (Ca-containing 
antacids)

Unknown

  Metoprolol Increased bioavailability (Mg- and 
Al-containing antacids)

Unknown

  Propranolol Decreased bioavailability and rate of 
absorption (aluminum hydroxide 
containing antacids)

Decreased rate of gastric emptying

Corticosteroids (prednisone, 
dexamethasone)

Decreased absorption Unknown, adsorption suspected

Digoxin Decreased absorption Adsorption and faster gastric 
emptying

Indomethacin Decreased bioavailability Increased gastric pH resulting in 
increased ionized indomethacin 
and less absorption

Ketoconazole Decreased bioavailability Increased gastric pH resulting in 
decreased dissolution in the 
stomach

Levodopa Decreased breakdown in the stomach, 
with increased absorption

Increased gastric emptying rate

Lithium Decreased serum concentrations with 
sodium bicarbonate

Alkalization of the urine enhances 
renal clearance

Methotrexate Decreased effect with sodium 
bicarbonate

Alkalization of the urine enhances 
renal clearance

Phenytoin Decreased absorption Unknown
Salicylates Decreased serum concentrations due 

to decreased urinary reabsorption
Increased urinary pH decreased 
urinary reabsorption

Sulfonylureas Increased absorption with increased 
effect and possible hypoglycemia 
with Mg antacids

Unknown

Tetracycline Decreased absorption of tetracycline 
(significant interaction)

Chelation

Drug Baclofen drug interaction (effect on 
drug in first column)

Azelastine Enhances CNS depressant effect
Bromperidol Enhances CNS depressant effect
Orphenadrine Enhances CNS depressant effect
Oxomemazine Enhances CNS depressant effect
Thalidomide Enhances CNS depressant effect

Related to the use of baclofen [39]
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peak concentrations 1–3 hours after administra-
tion) but have a longer duration of action (up to 
4–10 hours) [1, 38]. A single dose of H2RA can 
be effective for short-term heartburn relief but 
has limited efficacy in patients with erosive 
esophagitis and is inferior to PPIs in symptom 
relief and maintenance of symptom remission at 
6 months [2]. Repeated use of H2RAs can also 
lead to tachyphylaxis. The mechanism of this tol-
erance is unclear but has been observed in both 
fasting and fed conditions. Increasing the dose of 
H2RA does not overcome the tolerance, and the 
effects persist for several days after discontinua-
tion of H2RAs [38, 54].

Despite H2RAs’ propensity for tolerance, they 
have been shown to be useful as short-term reflux 
relief and for PPI refractory nocturnal symptoms. 
Nocturnal acid breakthrough (NAB) occurs in 
more than 70% of patients on PPI therapy. Adding 
a bedtime H2RA to once or twice- daily PPI can 
reduce the percentage of NAB as well as improve 
reflux-associated sleep disturbance [55–58]. A 
recent meta-analysis comparing efficacy of differ-
ent H2RAs showed that famotidine had the best 
short-term therapeutic benefit in GERD when 
compared to ranitidine, cimetidine, and nizatidine 
[59]. Pharmacokinetics and major drug interac-
tions are listed in Tables 14.3, 14.4, and 14.5.

Table 14.3 Pharmacokinetics of H2RAs [1, 196]

Cimetidine Ranitidine Nizatidine Famotidine
Bioavailability (%) 80 50 70 40
Relative potency 1 5–10 5–10 32
Half-life (hours) 6 8 8 12
Time to peak concentration (hours) 1–2 1–3 1–3 1–3.5
Hepatic clearance (%)
  Oral 60 73 22 50–80
  Intravenous 25–40 30 25 25–30
Renal clearance (%)
  Oral 40 27 57–65 25–30
  Intravenous 50–80 50 75 65–80
Relative effect on P450 metabolism 1 0.1 0 0

Table 14.4 Dosing adjustments of H2Ras and adverse effects [1, 96]

Creatinine  
clearance (mL/min)

Dose  
(mg/day) Adverse effects

Cimetidine >30 800 Gynecomastia, impotence, diarrhea, CNS: confusion, dizziness, 
agitation, headachea15–30 600

<15 400
Ranitidine >75 300 Gynecomastia, CNS: confusion, dizziness, agitation, headachesa

30–75 225
15–30 150
<15 75

Famotidine >75 40 CNS: confusion, dizziness, agitation, headaches
30–75 30
15–30 20
<15 10

Nizatidine >75 300 CNS: confusion, dizziness, agitation, headaches
30–75 225
15–30 150
<15 75

aRare adverse reactions (<1%), hepatitis, pancytopenia, polymyositis, anaphylaxis; cardiac, AV block, QT prolongation, 
hypotension (with rapid infusion)
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 Proton Pump Inhibitor Therapy

 History of PPIs

In the late 1960s, the pharmaceutical company 
Hassle (division of Astra) initiated a gastroin-
testinal research division with the aim of find-
ing a drug for inhibition of gastric acid 
secretion for patients with peptic ulcer disease. 
The momentous recognition that the H+/K+ 
ATPase (proton pump) was the final step of 
acid secretion resulted in the development of 
the class of drugs knows as proton pump inhib-
itors (PPIs) [60]. In 1975, timoprazole was 
found to inhibit acid secretion irrespective of 
stimulus; however, it caused enlargement of 
the thyroid gland due to inhibition of iodine 
uptake. After multiple animal models and tri-
als, a derivative of timoprazole, omeprazole, 
was discovered in 1979. Omeprazole was 
found to be the most potent inhibitor of gastric 
acid secretion in rats and dogs in vivo, with no 
effect on iodine uptake [61, 62]. An 
Investigational New Drug (IND) application 
was filed in 1980, and omeprazole was taken 
into human trials in 1982. Omeprazole was 
found to be superior to H2RAs for GERD 
symptoms [63] and duodenal [64] and gastric 
ulcers [65]; thus omeprazole was launched in 
Europe as Losec in 1988 and in the United 
States as Prilosec in 1990 [62].

Omeprazole had significant inter-individual 
variability dependent on rapidity of metabolism. 
In Western populations, about 2–4% of people 
lack 2C19, one of the P450 enzymes, which is 
important for metabolism of many drugs, includ-
ing omeprazole [66]. Thus, Astra started a new 
research program in 1987 with the goal of finding 
an acid suppression compound with reduced 
clearance by the liver and increased bioavailabil-
ity. Several hundred compounds were screened, 
and finally an isomer of omeprazole was found to 
exceed omeprazole, esomeprazole [62]. Since 
then, several additional PPIs have been intro-
duced into the market.

 Benefits of PPI Therapy in GERD

Via inhibition of the final step in acid secretion, 
PPIs are the most potent acid suppressants avail-
able. In a Cochrane Review of 34 trials with 1300 
patients, PPIs were more effective than H2RAs in 
reducing heartburn symptoms in those treated 
empirically for GERD and in those with nonero-
sive reflux on endoscopy [67]. PPIs have also been 
shown to be more effective than H2RAs and pla-
cebo in healing of erosive esophagitis and reduc-
ing relapse rates [68, 69]. Meta-analyses have 
demonstrated PPI superiority in healing of all 
grades of erosive esophagitis when compared to 
H2RAs, sucralfate, and placebo [70]. Thus PPIs 

Table 14.5 Cimetidine drug interactions [196]

Drug

Effect of cimetidine

Mechanism
serum concentration 
of drug

Clearance of drug (% 
decrease)

Caffeine Increased 31–42 Decreased demethylation
Carbamazepine Increased 10–20 Decreased epoxidation
Desipramine Increased 36 Decreased hydroxylation in rapid metabolizers
Ketoconazole Decreased No change Decreased absorption due to elevation of gastric 

pH, slowing dissolution
Lidocaine Increased 14–30 Decreased N-dealkylation
Metronidazole Increased 29 Decreased hydroxylation
Nifedipine Increased 38 Uncertain
Phenytoin Increased 21–24 Decreased hydroxylation
Propranolol Increased 20–27 Decreased hydroxylation
Procainamide Increased 28 Competition for renal tubular secretion
Warfarin Increased 23–36 Decreased hydroxylation
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are currently the first-line treatment of GERD [4] 
and are initiated for 8 weeks for symptom relief 
and healing of erosive esophagitis [4, 56].

 Pharmacology of PPIs

As of 2015, the US Food and Drug Administration 
(FDA) had approved 6 PPIs: omeprazole, esome-
prazole, lansoprazole, dexlansoprazole, pantopra-
zole, and rabeprazole (Table 14.6) [71]. All PPIs 
share a common structural motif. They accumu-
late selectively in the acid space (canaliculi) of the 
secreting gastric parietal cell, and within that 
space they undergo a conversion to permanent 
cations. These compounds bind to cysteine resi-
dues (cys 813 subunit) on the H+/K+ ATPase, 
thereby inhibiting acid secretion until replace-
ment pumps are synthesized (up to 36 hours). All 
PPIs require accumulation and acid activation; 
thus their onset of action is delayed [1, 71].

PPIs are the most potent inhibitors of gastric 
acid secretion; however, they are most effective 
when parietal cells are stimulated in response to a 
meal. Thus, PPIs should only be taken before 

meals (30–60  minutes prior) and should not be 
used along with H2RAs or other antisecretory 
agents, as this will reduce the acid-inhibitory effect 
of PPIs [72]. PPIs are most effective after a pro-
longed fast when a large amount of inactive H+/K+ 
ATPase is present [1]. During meals, not all of the 
parietal cells or proton pumps are active. Thus, the 
PPI will only inhibit activated H+/K+ ATPase, and 
only two-thirds of proton pumps are inhibited by a 
single dose of PPI.  As more inactive enzyme is 
recruited, acid secretion will continue (although 
reduced). Once-daily dosing of PPI results in 66% 
inhibition of acid after 5 days, while initial twice-
daily dosing may be helpful to achieve more rapid 
inhibition of acid secretion in the first 2–3 days. 
Due to these properties, sporadic use of PPIs is not 
likely to be effective [1, 73].

 Omeprazole
Omeprazole was the first PPI to be developed in 
the 1970s. It has the fastest onset of action at 1.5 
to 3.5  hours but the shortest half-life of all the 
PPIs. It is metabolized almost entirely by 
CYP2C19, thereby offering the greatest potential 
for drug interactions (Tables 14.6 and 14.7) [71].

Table 14.6 Pharmacodynamics of commercially available PPIs in the United States [71]

Omeprazole Esomeprazole Lansoprazole Dexlansoprazole Pantoprazole Rabeprazole
Dose (mg) 10, 20, 40 20, 40 15, 30 30, 60 20, 40 20
Treatment of 
erosive or 
nonerosive 
GERD

20 or 40 mg 
daily or 
20 mg twice 
daily

20 or 40 mg 
daily

30 mg daily 
or 30 mg 
twice daily

30 mg daily or 
30 mg twice 
daily

40 mg daily 
or 40 mg 
twice daily

20 mg daily 
or 20 mg 
twice daily

IV Formulation Yes Yes Yes No Yes No
Liquid or 
suspension

No Yes Yes No Yes No

Generic Yes Yes Yes No Yes Yes
Over the counter Yes Yes Yes No No No
Bioavailability 
(%)

30–40 64–90 80–85 – 77 52

Time to peak 
plasma level 
(tmax, hours)

0.5–3.5 1.5 1.7 1–2, 4–5 2–3 2–5

Half-life (hours) 0.5–1 1–1.5 1.6 1–2 1–1.9 1–2
Protein binding 
(%)

95 97 97 96 98 96.3

Primary 
excretion

Hepatic Hepatic Hepatic Hepatic Hepatic Hepatic

Liver 
metabolism

CYP2C19 CYP2C19 CYP2C19 CYP2C19, 
CYP3A4

CYP2C19, 
CYP3A4

CYP2C19
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Conventional PPIs are delayed release for 
their enteric coating and generally require sev-
eral doses to achieve adequate acid suppres-
sion. To overcome this, efforts have been taken 
to develop novel PPI formulations with rapid 
onset, extended release, or longer half-life. 
Immediate-release (IR) omeprazole is adminis-
tered at bedtime rather than before dinner to 
provide improved control of nocturnal reflux. 
The IR formulation is non-enteric coated and is 
combined with sodium bicarbonate to protect 
the PPI from acid degradation. IR omeprazole 
has a more rapid onset of antisecretory action 
without sacrificing the duration of acid sup-
pression when compared with delayed release 
PPIs and is designed to decrease nocturnal acid 
breakthrough [71–74]. When compared to pan-
toprazole, esomeprazole, and lansoprazole, 
bedtime dosing of IR omeprazole provided 
faster control of nighttime gastric pH and acid 
breakthrough [75]. IR omeprazole also achieved 
better control of 24-hour intragastric acidity 
when compared to lansoprazole and pantopra-
zole [76]. However, despite its improved con-
trol of acidity in the stomach and esophagus 
when compared to delayed-release PPIs, this 
does not correspond to better symptom control 
for GERD.  In multicenter randomized con-
trolled trials, IR omeprazole has failed to show 
faster heartburn relief when compared to 
omeprazole [77].

 Esomeprazole
Esomeprazole is an isomer of omeprazole that is 
available in intravenous, liquid, and IR formula-
tions. It has a higher bioavailability than omepra-
zole (Table  14.6) [71]. Large meta-analyses 
demonstrate at 8 weeks a 5% relative increase in 
probability of healing erosive esophagitis with 
esomeprazole when compared to omeprazole, 
lansoprazole, and pantoprazole with an associ-
ated 8% relative increase in GERD symptom 
relief [78]. Many other analyses over the years 
have consistently concluded that esomeprazole 
40 mg was the only PPI to have higher healing 
rates than omeprazole 20 mg [79–81]. However, 
the clinical relevance of these small differences 
remains unclear [4, 78].

 Pantoprazole
Pantoprazole was the first PPI to be available in 
both oral and intravenous formulations. It was 
initially approved for the treatment and mainte-
nance of erosive esophagitis (40  mg/day for 
8–16 weeks), but later the intravenous formula-
tion was approved for short-term treatment 
(7–10 days) of GERD patients with a history of 
erosive esophagitis (40 mg/day) who were unable 
to tolerate oral pantoprazole [82]. Compared to 
other PPIs, it is less likely to become activated in 
neutral to moderately acidic environments, thus 
preventing it from acting on other areas of the 
body and reducing adverse effects (Table  14.7) 
[83]. Pantoprazole has a longer duration of action 
than other PPIs because it binds two cysteine sub-
units of the H+/K+ ATPase (Table 14.6). Unlike 
other PPIs, the serum concentration is not dose- 
dependent; thus the concentration after one dose 
is similar to that after multiple doses [82].

When compared to esomeprazole 40 mg/day, 
pantoprazole 40  mg/day produced equivalent 
esophageal pH profiles [84]. Endoscopic healing 
rates at 4 and 8  weeks showed no difference 
among pantoprazole 40  mg/day, omeprazole 
20  mg/day, and lansoprazole 30  mg/day [85]. 
However, patients taking pantoprazole 40  mg/
day compared to esomeprazole 40  mg/day had 
less symptom relapse and fewer symptomatic 
episodes at 1 week [86]. Since pantoprazole is 
effective at controlling GERD symptoms and 
improving quality of life, there is interest in using 
it as on-demand therapy. This is not currently 
FDA approved but has been shown to be effective 
in mild GERD [87].

 Rabeprazole
Rabeprazole is a prescription PPI with a slow 
onset of action (2–5 hours) and a short half-life 
(1–2 hours) (Table 14.6). Rabeprazole extended 
release (ER) was designed to prolong the effects 
by releasing a single delayed-release tablet and 
multiple pulsatile-release tablets in the intestine 
and colon separately, thereby achieving acid sup-
pression over 24 hours. Once-daily rabeprazole-
 ER 50 mg showed longer acid suppressed time 
and better control of nocturnal acid suppression 
when compared to esomeprazole 40  mg in 
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healthy patients [88]. However, it failed to show 
superiority in healing esophagitis and heartburn 
symptoms compared to esomeprazole in patients 
with severe erosive esophagitis [89]. After this 
study, no further studies were performed to eval-
uate rabeprazole-ER, and the development of this 
drug seemed to be discontinued [56].

 Lansoprazole
Lansoprazole is available in oral tablets, liquid 
suspensions, oral disintegrating tablets (LFDT), 
and intravenous forms. It has a relatively quick 
onset of action, increasing gastric pH to greater 
than four within 130 minutes (Table 14.6) [71–
90]. When compared to omeprazole, lansoprazole- 
treated patients were less likely to experience 
daytime heartburn on the first day of therapy for 
erosive esophagitis [75].

Lansoprazole’s primary formulation is an oral 
capsule that contains active granules, which can 
be removed from the capsule and mixed into 
foods and beverages as well as flushed through 
nasogastric tubes [91]. LFTD has the same phar-
macological properties as lansoprazole capsules. 
LFTD offers increased flexibility as it can be 
taken with or without water and may be of use to 
special populations such as children, the elderly, 
and those with dysphagia [91].

 Dexlansoprazole
Dexlansoprazole-modified release (MR) is a 
novel PPI with a longer half-life achieved by a 
dual delayed-release formulation. Because of the 
dual delayed-release nature, it reaches peak con-
centrations at 1–2  hours and 4–5  hours after 
administration (Table 14.6). It contains two types 
of granules in one capsule and provides two dis-
tinct drug release periods in the small intestine to 
improve the therapeutic time. In patients with 
nonerosive GERD, dexlansoprazole MR 30  mg 
was superior to esomeprazole 20 or 40  mg in 
symptom control [92]; however it has failed to 
provide better efficacy in healing esophagitis 
[93]. The advantage of using dexlansoprazole 
MR is in greater dosing flexibility without restric-
tion to mealtime, its control of nocturnal symp-
toms [94, 95], and as a step-down therapy for 
patients taking twice-daily PPI [96]. It also has a 

greater affinity for CYP3A4 than CYP2C19, 
thereby making significant drug interactions less 
likely Table 14.7 [71].

 Approach to GERD Therapy

The overall approach to selecting an initial agent 
for GERD remains relatively unclear. Both step-
 up and step-down approaches have been utilized. 
It is reasonable to utilize a step-up approach in 
patients with mild and intermittent symptoms 
without evidence of erosive esophagitis. 
Treatment may start with antacids/alginate along 
with H2RAs and increasing potency of therapy 
until symptom control is achieved, generally 
making changes every 2–4 weeks. If this is inef-
fective, initiation of daily PPI is recommended, 
and treatment is continued for 8  weeks once 
symptoms are controlled. Alternatively, patients 
with erosive esophagitis, frequent symptoms, or 
severe symptoms may benefit from initiating 
daily PPI for 8 weeks first and can be stepped 
down to H2RAs if symptoms are under control. 
Maintenance PPI therapy may be continued in 
those with severe erosive disease [97–99].

Selection of optimal dose of PPI is also a 
well- studied topic of interest. When assessing 
control of gastric pH as the model for PPI effi-
cacy, PPIs show a dose response [100]. Over-
the-counter (OTC) omeprazole 20.6  mg was 
superior to OTC lansoprazole 15 mg for main-
taining gastric pH >4 [101]. However, esome-
prazole 20 mg was no different than omeprazole 
20 mg for maintenance of gastric pH >4 [102]. 
Overall, PPIs show significant differences in 
duration of gastric pH >4 across a range of 
doses, but do not show a difference at equivalent 
OTC (20  mg) doses [38]. Furthermore, while 
the differences in duration of gastric pH >4 can 
be correlated to relative healing rates for erosive 
esophagitis, there is no similar correlation with 
symptom control [38]. This is due to a dose ceil-
ing effect at PPI doses of 20 mg. PPI doses less 
than or equal to 20  mg have a dose response, 
while doses greater than or equal to 20 mg fail 
to show consistent dose responsiveness [38, 
103, 104]. Overall, when treating frequent 
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heartburn, a PPI dose of 20 mg is optimal, and 
while doses greater than 20 mg demonstrate dif-
ferences in acid control, these are not predictive 
of superior clinical benefit [38].

Switching PPIs is common but has limited 
supporting data. One study demonstrated equal 
efficacy in switching patients from daily lanso-
prazole to daily esomeprazole or twice-daily 
lansoprazole [105]. A randomized control trial 
of patients on daily PPI showed 20% had symp-
tomatic improvement by increasing to twice-
daily PPI or switching to another PPI [106]. 
However, even on twice-daily PPI, nearly 10% 
of patients still have persistent symptoms [107]. 
Meta- analyses demonstrate no significant dif-
ference in efficacy among PPIs in symptom 
relief and healing of erosive esophagitis [56, 
78, 81].

There is no universal method for discontinu-
ing PPIs. In a prospective study analyzing the 
efficacy of step-down therapy, 117 patients on 
greater than single-dose PPI therapy were 
stepped down to single-dose PPI and were 
assessed for symptom recurrence for 6 months. 
Recurrent symptoms occurred in only 20.5% of 
patients and were more likely in patients that had 
used PPIs for a longer duration before the study 
[98]. Another study evaluated quality of life and 
symptom recurrence in patients after discontinu-
ation of PPIs in 73 patients. At 1 year follow-up, 
41% were asymptomatic off PPIs, 34% required 
H2RAs, 7% prokinetic agents, 1% both, and 
15% remained asymptomatic without medica-
tion. Quality of life did not change after step-
down therapy [97]. Other studies have 
demonstrated that full-dose PPI step-down ther-
apy is superior both to H2RA therapy and low-
dose PPI step-up strategy in regard to efficacy in 
symptom relief and cost-effectiveness [108, 
109]. A multicenter study demonstrated an 80% 
success rate of step down from omeprazole 
20 mg for 8 weeks to omeprazole 10 mg for an 
additional 6 months [99].

It is reasonable to gradually taper therapy in 
patients on PPIs for longer than 6  months. 
Tapering occurs until the patient is on the lowest 
dose for 1 week, and then discontinuation can be 
recommended [97, 110].

 Drug Interactions

PPIs are rapidly metabolized in the liver, primary 
by CYPC219 with contribution from CYP3A4. 
Genetic variation has led to rapid and slow 
metabolizers, which may explain some differ-
ences in the response to PPIs [111]. Overall, the 
clinical significance of most interactions with 
PPIs is low, with some notable exceptions. 
Mechanisms involved in potential drug interac-
tions include decreased bioavailability of other 
drugs that require an acidic gastric pH for disso-
lution and effects on cytochrome function 
(Table 14.7).

There is a potential for adverse effects from 
other medications when taken concomitantly 
with PPIs including risedronate (gastrointestinal 
effects), HIV protease inhibitors (drug resis-
tance), levothyroxine (decreased absorption), 
clozapine (neutropenia and agranulocytosis), and 
mycophenolate (decreased absorption) [111].

In 2009, the FDA issued a warning regarding 
adverse cardiovascular effects with use of clopi-
dogrel and omeprazole. Clopidogrel requires 
activation by CYP2C19, leading to the concern 
of decreased platelet aggregation in the presence 
of omeprazole. Two randomized controlled trials 
studying all PPIs except for dexlansoprazole 
have shown no increased risk for adverse cardio-
vascular events with simultaneous clopidogrel 
use [4, 112, 113].

 Complication of PPI Therapy

Although PPIs are effective at treating the symp-
toms and complications of GERD and are gener-
ally well tolerated by patients, growing concern 
has arisen about the safety of long-term PPI ther-
apy. Large epidemiologic studies have demon-
strated associations between PPI use and kidney 
disease, cerebrovascular disease, myocardial 
infarction, osteoporosis, fracture risk, nutrient 
deficiencies, gastrointestinal malignancies, and 
numerous infections [114]. However, the major-
ity of studies suggesting associations between 
PPIs and adverse outcomes are observational and 
limited by confounding variables, making causal-
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ity difficult to prove. Available evidence on the 
long-term complications of PPI use is reviewed 
below.

PPIs have been thought to affect bone metabo-
lism via pH-dependent reduction in calcium 
absorption and hypergastrinemia-mediated sec-
ondary hyperparathyroidism in addition to direct 
inhibition of osteoclast activity [115–117]. 
Numerous studies have demonstrated an associa-
tion between PPI use and risk of bone fracture 
[118–123]. Two large meta-analyses have dem-
onstrated a modest association between PPI use 
and hip or vertebral fracture [117, 124, 125]. In 
2010, the FDA issued a warning regarding the 
risk for wrist, hip, and spine fracture with PPI 
use. Despite the theoretical deleterious effects of 
PPIs on bone strength and metabolism, multiple 
studies have failed to demonstrate an association 
between PPI use and loss of measurable bone 
density [119, 126–128]. Although it is possible 
that PPIs could negatively impact bone integrity 
through an alternative unmeasured mechanism, 
the studies associating their use with bone frac-
ture have all been observational, and a causal 
effect has not yet been demonstrated. Moreover, 
existing studies have demonstrated the signifi-
cant role of confounders on an outcome as com-
plex as fracture risk [120, 123]. It is not currently 
recommended to routinely screen long-term PPI 
users for osteoporosis [129].

PPI use has also been linked to the develop-
ment of both acute and chronic kidney disease. 
Several large population-based studies have dem-
onstrated an association between PPI use and 
increased risk of development of chronic kidney 
disease (CKD), acute kidney injury, end-stage 
renal disease (ESRD), and acute interstitial 
nephritis (AIN) [130–133]. Moreover, these stud-
ies demonstrated a dose response with increased 
risk of CKD among patients with higher PPI 
doses [130] or longer cumulative exposure [131, 
133]. Although no mechanism by which PPIs 
could be contributing to CKD has been identi-
fied, one theory is that recurrent AIN could con-
tribute to progressive injury. Studies have shown 
a modestly increased risk of AIN with PPI use, 
but the onset of injury is varied and often more 
insidious than a typical immune-mediated drug 

toxicity [114, 134–136]. Some data further sug-
gests that the association between PPI use and 
CKD persists even after controlling for AKI, dis-
puting the notion that chronic renal injury with 
PPI use is AIN mediated [131]. Despite 
 compelling data from a number of large studies, 
the association between PPIs and kidney disease 
is entirely based on observational data which is 
highly subject to confounding effects of unmea-
sured comorbidities among PPI users, making it 
difficult to draw firm conclusions about the risk 
of kidney disease with PPI use. Routine monitor-
ing of renal function in patients taking PPIs is not 
recommended [129].

The bactericidal activity of gastric acid serves 
as one of the body’s defenses against bacterial 
proliferation and entry of pathogenic bacteria. By 
raising the gastric pH, PPIs can promote small 
intestinal bacterial overgrowth (SIBO), a condi-
tion characterized by excess bacterial fermenta-
tion, inflammation, and occasionally 
malabsorption in the small bowel [137–139]. A 
strong association between PPI use and SIBO has 
been shown in two prospective studies and a large 
meta-analysis [139–141]. Although PPI use has 
been shown to contribute to objective measures 
of increased small bowel bacterial colonization, 
the association with development of symptom-
atic SIBO remains less clear and warrants further 
study.

PPI-induced hypochlorhydria is also theorized 
to promote Clostridium difficile infection (CDI). 
Although C. difficile spores are resistant to gas-
tric acid [142], reduced gastric acidity is thought 
to allow for enhanced survival of the toxin- 
producing vegetative form of the bacteria. 
Moreover, PPIs have been shown to alter the 
makeup of the intestinal flora in such a way that 
could favor development of CDI [143, 144]. 
SIBO and its associated increased intestinal bile 
acid deconjugation may also promote conversion 
of C. difficile spores to the vegetative form. 
Although several observational studies have 
demonstrated a modest association between PPI 
use and CDI [145–148], other studies have shown 
no association when controlling for presence of 
comorbid conditions or antibiotic use [149, 150]. 
Given these inconsistencies, a causative associa-
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tion between PPIs and CDI has yet to be 
demonstrated.

PPIs have long been thought to be a risk factor 
for development of community-acquired pneu-
monia (CAP), possibly via hypochlorhydria- 
induced micro-aspiration of gastric anaerobic 
bacteria or even altered neutrophil function [151]. 
Although several studies have shown an associa-
tion between PPI use and CAP [152–154], others 
have either failed to show an association [155, 
156] or have demonstrated that this risk is highest 
within the first 30  days of PPI initiation [157–
159], increasing the likelihood that any observed 
association is due to confounding rather than a 
causative association.

PPI use has also been associated with demen-
tia. Increased accumulation of neurotoxic beta 
amyloid proteins is felt to be a key step in the 
pathogenesis of Alzheimer’s disease. Beta- 
amyloid accumulation may be enhanced by PPIs 
through their inhibition of V-type ATPases in 
microglial cells, which are important mediators 
of beta amyloid degradation. Supporting this 
hypothesis is the finding that lansoprazole has 
been found to result in increased production of 
beta-amyloid in the brains of mice [160]. Two 
large prospective observational studies have 
found that PPIs were modestly associated with 
development of dementia in elderly populations 
[161, 162]. Subsequent prospective studies, how-
ever, showed no increased risk of development of 
cognitive decline or Alzheimer’s disease with PPI 
use [163, 164], highlighting the difficulty of 
drawing conclusions about harm from PPI use 
from observational studies of elderly patients or 
those with dementia, in whom the burden of con-
founding variables such as comorbid illness or 
polypharmacy is higher.

By altering the biochemical and microbial 
environment of the stomach and small bowel, PPI 
use may contribute to the development of micro-
nutrient deficiencies, most notably of vitamin 
B12, iron, and magnesium. Vitamin B12 is 
dependent on gastric acid for absorption. 
Cobalamin enters the stomach bound to dietary 
proteins, where hydrochloric acid and pepsin 
mediate its release and subsequent binding to R 
proteins and transfer to intrinsic factor. The 

cobalamin-intrinsic factor complex can then be 
absorbed by the terminal ileum. Large studies 
have shown a twofold increased risk of vitamin 
B12 deficiency with either PPI or H2 receptor 
antagonist use [165]. Gastric acid is also 
 important for the absorption of nonheme iron, 
which requires a low-pH environment to facili-
tate reduction of ferric iron to the ferrous state 
[166]. Studies of the effects of PPI use on iron 
absorption have been inconsistent, however 
[167–171].

Magnesium absorption is not dependent on 
gastric acid and occurs mostly through passive 
absorption in the small intestine. Nonetheless, 
PPIs have been implicated in the development of 
potentially dangerous levels of hypomagnesemia 
[172, 173]. Although the mechanism of PPI- 
mediated hypomagnesemia is not known, treat-
ment with H2 receptor antagonists does not seem 
to contribute to magnesium deficiency. The 
observation that hypomagnesemia persists 
despite supplementation and recovers promptly 
following PPI discontinuation [174] further sup-
ports an idiosyncratic causative drug effect. This 
data prompted the FDA to issue an alert about the 
association between PPI use and hypomagnese-
mia. There are currently no specific guideline 
recommendations, however, recommending rou-
tine monitoring or supplementation of micronu-
trients in patients on long-term PPI therapy [129].

 Management of GERD in Pregnancy

The prevalence of GERD is increased in preg-
nancy, with 40–80% of patients experiencing 
symptoms of GERD at some point during their 
pregnancy [175, 176]. GERD can develop during 
any trimester [177], and symptoms tend to 
worsen over the course of a pregnancy [178]. 
Risk factors for GERD in pregnancy include pre-
pregnancy GERD and multiparity, but not pre-
pregnancy obesity or weight gain during 
pregnancy [178]. The combined action of 
increased estrogen and progesterone in preg-
nancy results in decreased LES tone and reduced 
response to normal physiologic stimuli that result 
in LES contraction [179, 180]. Increased intra- 
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abdominal pressure and altered gastric emptying 
have also been proposed to play a role [179].

Initial treatment of mild symptoms of GERD 
in pregnancy typically starts with employment of 
lifestyle modifications such as avoidance of late 
evening meals and trigger foods in addition to 
elevation of the head of bed [181]. Organogenesis 
occurs from 31 to 71 days after the last menstrual 
period, so pharmacologic therapy is generally 
avoided during this period of heightened terato-
genicity if possible [182]. Antacids are generally 
considered first line given their lack of systemic 
absorption [183, 184]. However, compounds 
containing magnesium trisilicate and sodium 
bicarbonate are generally avoided due to poten-
tial side effects in the mother and fetus [181, 
183]. Sucralfate, an aluminum salt of sulphated 
disaccharide, is also a nonabsorbable pharmaco-
logic agent that facilitates mucosal protection via 
topical effect and has been demonstrated in an 
RCT to be more effective than placebo in control-
ling GERD symptoms in pregnant patients with 
no reported adverse maternal or fetal events 
[185]. Sucralfate has also been shown to be safe 
for the fetus in animal models [186]. Current 
guidelines do not support the use of sucralfate for 
management of GERD in nonpregnant patients. 
Antacids and sucralfate are minimally, if at all, 
secreted in breast milk and are considered safe 
during lactation [182].

H2 receptor antagonists are the most com-
monly used and safest systemically absorbed 
pharmacologic agents used for treatment of 

GERD in pregnant patients. Cimetidine and 
ranitidine have been used in this population with 
no evidence of increased risk of adverse 
pregnancy- related outcomes seen in observa-
tional studies [187, 188]. Ranitidine has even 
been shown to be safe and effective in an RCT of 
pregnant patients with GERD [189]. Ranitidine 
is favored by some due to data from animal mod-
els documenting a weak anti-androgen effect of 
cimetidine that was absent in ranitidine [190]. 
Although less well studied, famotidine has been 
found to be safe in animal [191] and human 
[186] studies. Animal studies of nizatidine have 
shown an increased risk of fetal complications 
[192], but no significant harm has been demon-
strated in humans. H2RAs are secreted into 
breastmilk, but are all considered safe during 
lactation, except for nizatidine, which has been 
shown to promote growth retardation in animal 
studies [189, 192].

The efficacy and safety of PPIs in pregnancy 
are less well studied than H2 receptor antagonists. 
All PPIs are categorized as class B drugs in preg-
nancy by the FDA, except for omeprazole, which 
is categorized as class C due to increased embry-
onic and fetal mortality in animal studies [182]. 
Several large observational studies of PPI expo-
sure among infants showed no increased risk of 
congenital malformations to any PPI or omepra-
zole specifically [193–199]. Little is known about 
the safety of PPIs during lactation or their excre-
tion in breast milk [182]. Table 14.8 highlights the 
safety of GERD pharmacotherapy in pregnancy.

Table 14.8 Safety of GERD pharmacotherapy in pregnancy [182]

Drug FDA class Comments
Antacids
Aluminum, calcium, or magnesium- 
containing antacids

None Most are safe during pregnancy due to minimal 
systemic absorption

Magnesium trisilicates None Avoid long-term, high-dose therapy in pregnancy
Sodium bicarbonate None Not safe for use in pregnancy as can cause fluid 

overload or metabolic alkalosis in mother and fetus
Sucralfate B Human safety in pregnancy demonstrated in RCT 

Minimal excretion in breast milk
Histamine2-receptor antagonists
Cimetidine B Found to be safe in pregnancy in prospective human 

study. Possible anti-androgen effect in animal studies
Ranitidine B Only systemic pharmacologic therapy studied in RCT 

in pregnancy. No anti- androgen effect

(continued)
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Laparoscopic Antireflux Surgery: 
Total Fundoplication

Francisco Schlottmann, Marco Di Corpo, 
and Marco G. Patti

 Introduction

Approximately 20% of the population in the 
United States has gastroesophageal reflux disease 
(GERD), and its prevalence is increasing mostly 
due to the epidemic of obesity [1]. Most patients 
obtain adequate symptomatic control with life-
style modifications and proton-pump inhibitor 
(PPI) therapy. Nevertheless, some patients will 
need surgical intervention because they only have 
partial control of symptoms, do not want to be on 
long-term medical treatment, or suffer complica-
tions related to PPI therapy [2].

The laparoscopic Nissen fundoplication (360°) 
was first reported in 1991 [3, 4] and has since 
become widely embraced for the surgical treat-
ment of GERD. Nowadays, this procedure is the 

most commonly performed antireflux operation 
and has a long-term success in about 80–90% of 
patients [5, 6]. Similar to other procedures, antire-
flux surgery at high volume hospitals is associated 
with better outcomes such as less postoperative 
morbidity, shorter length of hospital stay, and 
lower costs for the health care system [7].

The goals of antireflux surgery are to control 
symptoms, improve patients’ quality of life, and 
prevent GERD complications (bleeding, esopha-
geal stenosis, Barrett’s esophagus, and adenocar-
cinoma). A properly executed operation is critical 
to achieve these goals.

 Laparoscopic Antireflux Surgery

 Position of the Patient

After induction of general endotracheal anes-
thesia, an orogastric tube is inserted to keep the 
stomach decompressed. The patient is positioned 
supine in low lithotomy position with the lower 
extremities extended on stirrups, with knees flexed 
20–30°. To avoid sliding due to the steep reverse 
Trendelenburg position used during the entire pro-
cedure, a bean-bag is inflated to create a “saddle” 
under the perineum. Pneumatic compression stock-
ings are always used as prophylaxis against deep 
vein thrombosis along with subcutaneous heparin 
(high risk because the steep Trendelenburg posi-
tion decreases venous return). The surgeon stands 
between the patient’s legs, and the first and second 
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assistants on the left and right side of the operating 
table, respectively (Fig. 15.1).

 Trocar Placement

We use five 10 mm ports for the procedure. The 
first port is placed in the mid-line about 14 cm 
below the xiphoid process; it can be also placed 
slightly (2–3 cm) to the left of the midline to be in 
line with the hiatus. This port is used for insertion 
of the scope. The second port is placed in the left 
midclavicular line at the same level of port 1, and 
it is used for the insertion of a Babcock clamp 
for traction, a grasper to hold the Penrose drain 
while surrounding the esophagus, or for devices 
used to divide the short gastric vessels. The third 
port is placed in the right midclavicular line at 
the same level of the other two ports, and it is 

used for the liver retractor. The fourth and fifth 
ports are placed under the right and left costal 
margins so that their axes and the camera form an 
angle of about 120°. These ports are used for the 
insertion of dissecting and suturing instruments 
(Fig. 15.2).

Key Note Trocars should not be placed too low. 
If this occurs, it might be difficult to take down 
the more proximal short gastric vessels or reach 
the gastroesophageal junction with the Babcock.

 Division of Gastrohepatic Ligament 
and Identification of Right Crus 
of the Diaphragm and Posterior 
Vagus Nerve

The left lateral segment of the liver should be 
retracted to obtain an appropriate exposure of 
the gastroesophageal junction. The gastrohepatic 

Anesthesiologist

MonitorMonitor

1st assistant

2nd assistant

Surgeon

Scrub nurse

Fig. 15.1 Position of the patient
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Fig. 15.2 Position of trocars for laparoscopic 
fundoplication
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ligament is then divided. The dissection begins 
above the caudate lobe of the liver and continues 
proximally until the right crus is identified. The 
crus is then separated from the right side of the 
esophagus by blunt dissection and the posterior 
vagus nerve is identified. The right crus is dis-
sected inferiorly toward the junction with the left 
crus (Fig. 15.3).

Key Note If an accessory left hepatic artery 
originating from the left gastric artery is encoun-
tered, it can usually be safely divided. The elec-
trocautery should be used with caution next to 
the right pillar of the crus because the lateral 
spread of the monopolar current may injury the 
posterior vagus nerve.

 Division of Peritoneum 
and Phrenoesophageal Membrane 
Above the Esophagus 
and Identification of the Left Crus 
of the Diaphragm and Anterior Vagus 
Nerve

The peritoneum and the phrenoesophageal mem-
brane above the esophagus are transected with the 
electrocautery, and the anterior vagus nerve is iden-
tified. The left pillar of the crus is separated from 
the esophagus and dissected bluntly downward 
toward the junction with the right crus (Fig. 15.4).

Key Note In order to avoid injury of the anterior 
vagus nerve or the esophageal wall during this 
step of the procedure, the nerve should be always 
left attached to the esophageal wall and the 

phrenoesophageal membrane should be lifted 
from the esophageal wall by blunt dissection 
before it is divided.

 Division of Short Gastric Vessels

The short gastric vessels are divided all the way 
to the left pillar of the crus, starting from a point 
midway along the greater curvature of the stom-
ach. The division of the short gastric vessels will 
ensure a tension-free wrap (Fig. 15.5).

Key Note Excessive traction of the gastric ves-
sels can cause bleeding of the spleen. In addition, 
care must be taken to avoid damage of the gastric 
wall while sealing the short gastric vessels.

 Placement of Penrose Drain Around 
the Esophagus

A Babcock clamp is applied at the level of the 
esophagogastric junction to retract upward the 

Fig. 15.3 Division of gastrohepatic ligament

Fig. 15.4 Division of phrenoesophageal membrane
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esophagus. A window is opened by blunt dis-
section under the esophagus between the gas-
tric fundus, the esophagus, and the left pillar 
of the crus. The window is then enlarged and a 
Penrose drain is passed around the esophagus, 
incorporating both the anterior and posterior 
vagus nerves.

Key Note Dissection above the left pillar of the 
crus in the mediastinum, rather than between the 
crus and the gastric fundus, can cause a left 
 pneumothorax. Perforation of the gastric fundus 
is also possible by pushing a blunt instrument 
under the esophagus.

 Closure of the Crura

Proper exposure of the hiatus is obtained by 
retraction of the esophagus upward and toward 
the patient’s left with the Penrose drain. The 
closure of the diaphragmatic crura is done with 
interrupted non-absorbable sutures (2-0 silk). 
The first stitch should be placed just above the 
junction of the two pillars. Additional stitches are 
placed 1 cm apart, and a space of about 1 cm is 
left between the uppermost stitch and the esopha-
gus (Fig. 15.6).

Key Note While placing the stitches, care must 
be taken to avoid injury of the inferior vena cava 
and aorta. The crura should not be closed too 

tight (e.g., a close grasper should slide easily 
between the esophagus and the crura).

 Insertion of the Bougie into 
the Esophagus and Through 
the Esophageal Junction

After the orogastric tube is removed, the anes-
thesiologist should insert a 56 French bougie 
down the esophagus through the esophagogas-
tric junction. The use of a calibration bougie 
decreases the incidence of postoperative dys-
phagia [8].

Key Note The bougie should be properly lubri-
cated to reduce the risk of esophageal perfora-
tion. In addition, the anesthesiologist should 
advance the bougie slowly, and stop if any resis-
tance is encountered.

Fig. 15.5 Division of short gastric vessels

Fig. 15.6 Closure of the diaphragmatic crura
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 Nissen Fundoplication (360°)

The stomach is passed behind the esophagus, and 
a “shoe-shine maneuver” is performed to verify 
sufficient fundic mobilization and to avoid hav-
ing part of the gastric fundus above the wrap. 
The left and right sides of the fundus are then 
wrapped above the esophagogastric junction. 
A Babcock clamp is used to hold the two sides 
of the fundus during the placement of the first 
stitch. A 360° fundoplication is created by plac-
ing 3 stitches of non-absorbable material (2-0 
silk) at 1  cm  intervals to approximate the right 
and left side of the fundoplication. The length of 
the anterior portion of the fundoplication should 
be approximately 2 cm (Fig. 15.7).

Key Note The wrap should not be under tension. 
If the wrap remains in the right side after pulling 
the fundus under the esophagus and does not 
retract back to the left, then it is floppy and sutur-
ing can be performed. If not, more posterior dis-
section is necessary. If tension is still present 
after these maneuvers, a partial fundoplication 
should be performed.

 Postoperative Course

Patients are fed with clear liquids and then soft 
diet the morning of the first postoperative day. 
Most patients are discharged within 23  hours 

and are instructed to avoid meat, bread, and car-
bonated beverages for the following 2 weeks. 
Patients usually resume their regular activity 
within 2 weeks.

 Conclusions

A properly executed laparoscopic Nissen fun-
doplication can control patients’ symptoms, 
improve patients’ quality of life, and prevent 
GERD complications. Each step of the procedure 
should respect important technical elements to 
avoid troublesome side effects and obtain opti-
mal postoperative outcomes.
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Laparoscopic Partial 
Fundoplication

Salim Hosein, Sarah Samreen, 
and Dmitry Oleynikov

 Introduction

Gastroesophageal reflux disease (GERD) is one 
of the most common gastrointestinal problems, 
with population-based studies estimating the 
prevalence in North America to be between 
18.1% and 22.7% [1]. The heartburn a patient 
feels is related to multiple factors. Fluctuations in 
LES pressure is the most important factor in 
heartburn. The diagnosis, treatment, and follow-
 up of these patients are a significant burden to our 
health-care system. This is evident from the fact 
that proton-pump inhibitors are some of the cost-
liest and commonly prescribed medications in 
the United States.

The benefits of laparoscopic antireflux sur-
gery (LARS) include a decrease in perioperative 
morbidity, hospital length of stay, and cost com-
pared with open operations. The correct con-
struction of a laparoscopic fundoplication 
requires significant operative experience and 
skills in complex laparoscopy. Compared with 
first-time operations, re-operative antireflux sur-

gery is technically even more challenging, asso-
ciated with a higher risk for perioperative 
complications, and results in less durable symp-
tom improvement. Therefore, compared with 
first-time antireflux surgery, surgeons should 
have a higher threshold for offering patients reop-
eration, and operations should be performed by 
experienced, high-volume gastroesophageal 
surgeons.

Partial fundoplication is indicated for patients 
with esophageal dysmotility disorders [2]. As 
discussed later, the two most commonly per-
formed types of partial fundoplication are the 
Toupet and the Dor. Many studies have published 
lower dysphagia rates after Toupet fundoplica-
tion compared with Nissen, with little difference 
in control of GERD after 1–5 years of follow-up 
[3]. An antireflux procedure, whether a Nissen or 
a partial fundoplication, is key to restoring the 
mechanical barrier to reflux and should be part of 
all laparoscopic paraesophageal hernia repairs. 
Other partial fundoplication procedures are less 
employed. One such procedure, the Belsey Mark 
IV, has fallen out of favor owing to the need for a 
thoracic approach and poor long-term antireflux 
outcomes. The Hill repair, though not truly a fun-
doplication but rather a plication of the gastro-
esophageal junction to the median arcuate 
ligament, is another uncommon procedure as 
results have been difficult to replicate.
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 Patient Selection/Role in GERD 
Algorithm

In patients who have a clinical history suggestive 
of gastroesophageal reflux disease, diagnostic 
testing should include upper gastrointestinal 
series, esophagogastroduodenoscopy, esophageal 
manometry, and ambulatory pH monitoring. For 
patients who exhibit elevated distal esophageal 
acid exposure and severe symptoms despite max-
imal medical therapy, antireflux surgery should 
be strongly considered. However, as some 
patients who do not experience improvement in 
their symptoms with PPI use may not have 
GERD, surgeons must carefully consider alterna-
tive causes and perform a complete workup 
before offering surgical treatment. Correct con-
struction of the fundoplication reduces the risk of 
postoperative dysphagia caused by an inappro-
priately tight fundoplication, posterior herniation 
of gastric fundus, and slipped fundoplication.

Antireflux operations include partial posterior, 
partial anterior, and 360° fundoplications. In anti-
reflux surgery, there has been a long-standing 
debate over which fundoplication provides supe-
rior control of GERD symptoms while mitigating 
postoperative side effects (e.g., dysphagia and 
gas bloat). Furthermore, studies have attempted 
to determine whether the type of fundoplication 
performed should be tailored to the patients’ pre-
operative esophageal motility and symptoms. In 
patients with GERD and esophageal dysmotility, 
it has been suggested that partial fundoplication 
should be performed because of the concern that 
a Nissen fundoplication will lead to greater post-
operative dysphagia. Booth and colleagues con-
ducted a randomized controlled trial comparing 
laparoscopic Nissen fundoplication with Toupet 
fundoplication in patients stratified based on pre-
operative manometry [4]. At 1  year postopera-
tively, there were no differences between groups 
for heartburn and regurgitation, while dysphagia 
was more frequent in patients who underwent 
Nissen fundoplication. Similarly, the authors 
have previously shown that a Nissen fundoplica-
tion can be performed in patients with ineffective 
esophageal motility without an increase in devel-
opment of dysphagia [5].

A review of nine randomized trials showed 
that an anterior fundoplication was associated 
with a greater risk of recurrent GERD symptoms 
when compared to other partial or total fundopli-
cations. Even though Nissen was associated with 
more postoperative dysphagia, these patients 
required minimal treatment and no reoperations 
[6]. Another review of 32 studies, including ran-
domized controlled trials, compared laparoscopic 
Nissen fundoplication with laparoscopic Toupet 
fundoplication [7]. No differences were noted 
between the groups concerning patient satisfac-
tion with the operation or perioperative morbidity 
and mortality. Assessing postoperative dyspha-
gia, no difference was noted between fundoplica-
tion types when esophageal motility was normal; 
however, in patients with abnormal esophageal 
motility, laparoscopic Nissen fundoplication was 
associated with greater rates of postoperative 
dysphagia. This review would suggest that a 
Toupet fundoplication is the treatment of choice 
in patients with impaired esophageal motility, as 
it determines effective GERD symptom control 
but less postoperative side effects. Interestingly, 
despite numerous randomized clinical trials and 
two meta-analyses, there still remains conflicting 
evidence regarding which fundoplication pro-
vides the most durable control of reflux and the 
best side-effect profile. The reasons for this find-
ing probably is due to the heterogeneity of these 
studies in terms of patients’ characteristics, 
patient’s selection, and operative technique. For 
example, in the studies evaluated by Fein and 
Seyfried, there were four different bougie sizes 
used (34 F to 60 F); fixation of the stomach to the 
esophagus and hiatus was inconsistent; and divi-
sion of the short gastric vessels was not always 
performed [6]. Currently, the only consistent 
finding in these studies is that anterior fundopli-
cations provide less durable control of GERD 
than posterior partial and total fundoplications.

 Preoperative Patient Preparation

The authors perform all laparoscopic antireflux 
operations with patients in the supine position in 
steep reverse Trendelenburg position, with a 
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 footboard at the base of the bed and a belt strap at 
the waist and shoulders. The operating surgeon 
stands on the patient’s right side and an assistant 
on the left. This allows for an unobstructed view 
of the esophageal hiatus. Patients are appropri-
ately padded to prevent pressure ulcers and neu-
ropathies, with arms tucked bilaterally. Since the 
procedure can take some time, consideration 
shoulder be given to Foley catheter placement for 
accurate measurement of urine output. An oro-
gastric tube is inserted for gastric decompression. 
A video monitor is placed at the head of the bed 
so that both operators are able to view the screen. 
Preoperative antibiotics are administered to 
reduce the risk of surgical site infection, and sub-
cutaneous heparin or Lovenox and sequential 
compression devices are used to reduce the risk 
of venous thromboembolic events.

 The Procedure

Access to the abdomen is obtained using a 2 mm 
incision, and Veress needle is introduced at 
Palmer’s point in the left upper quadrant. The 
appropriate laparoscopic port position for trian-
gulation at the hiatus is shown in Fig. 16.1. It is 
important to ensure that the laparoscopic ports 
are placed high enough and slightly to the left on 
the patient’s abdominal wall.

We use an 11  mm optical viewing trocar to 
obtain access to the peritoneal cavity and position 
this approximately 10 cm inferior to the xiphoid 
process and 2  cm lateral to midline (to the 
patient’s left). Three additional working ports, 
11 mm in the left upper quadrant right below the 
rib cage, 11 mm lateral in the left upper quadrant, 
and a 5 mm in right upper quadrant (which will 
go through the falciform ligament), and a 
Nathanson liver retractor are added through a 
5 mm epigastric incision. The surgeon stands on 
the right side of the patient and operates through 
the two most cephalad ports. The assistant stands 
on the left side of the patient, running the camera 
and holding retraction through the left later port.

We begin the procedure at the level of the infe-
rior edge of the spleen, by taking the short gastric 
vessels and entering the lesser sac. This allows 

for early transection of the short gastric vessels 
and mobilization of the gastric fundus. Dissection 
then is carried cephalad, and the left phreno- 
esophageal membrane is divided to expose the 
left crus. We then carry the dissection to the right 
crus. The gastro-hepatic ligament is divided, and 
the right phreno-esophageal membrane is opened 
to expose the right crus. A window is created 
behind the esophagus. Care is taken to preserve 
the anterior and posterior vagus nerves at all 
times during this mobilization. A Penrose drain is 
placed around the esophagus to facilitate the 
mediastinal dissection and assist with creation of 
the fundoplication.

The esophagus is mobilized in the mediasti-
num to obtain a minimum of 3  cm of intra- 
abdominal esophagus without any tension. The 
crura are approximated posteriorly with perma-
nent sutures. In our practice we use 2-0 nonab-
sorbable V-lock to close the hiatus. Care must be 
taken to ensure straight orientation of the esopha-
gus and a 54-56-Fr bougie in women, and a 
56-60F bougie in men should easily pass beyond 
the esophageal hiatus into the stomach. At this 
point, the fundoplication is created.

Nathanson
liver retractor

5 mm
operating port

11 mm
operating port

11 mm
assistant port

11 mm
camera port

Fig. 16.1 Laparoscopic antireflux surgery port placement
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 Creation of a Partial Fundoplication

There are several types of partial fundoplications. 
The most commonly performed is the Toupet 
fundoplication. In this operation, the gastric and 
esophageal dissections, as well as the repair of 
the crura, are the same as for a 360° fundoplica-
tion. The fundoplication must be created with the 
fundus, and not the body, of the stomach.

The key difference between Toupet and Nissen 
fundoplication is that the stomach is positioned 
180° to 270° in a Toupet fundoplication com-
pared with 360° in a Nissen fundoplication 
around the posterior aspect of the esophagus. On 
both sides of the esophagus, the most cephalad 
sutures of the fundoplication incorporate the fun-
dus and crus. The remaining sutures anchor the 
fundus to the esophagus.

If an anterior Dor fundoplication is to be per-
formed, there is no need to disrupt the posterior 
attachments of the esophagus. We recreate the 
angle of His by approximating the medial fundus 
to the left crus and the esophagus on the left. 
Next the fundus is folded over the anterior aspect 
of the esophagus and anchored first to the right 
crus and then the esophagus.

Upon completion of the fundoplication, our 
standard practice is to perform an esophagogas-
troduodenoscopy (EGD) to evaluate the fundo-
plication. We ensure that the esophagus is 
straight, and the lower esophageal sphincter 
opens easily with insufflation. A retroflexion 
view is useful to evaluate the adequacy of the 
wrap and rule out presence of any redundant 
stomach above the wrap.

 Postoperative Management

With the exception of patients with comorbid 
medical conditions requiring cardiac or pulmo-
nary monitoring, postoperatively most patients 
are admitted to a general surgical floor for over-
night observation. They are given a clear-liquid 
diet the evening of surgery, along with pain and 
nausea medications as needed. They are ambu-
lated in the hallways with nursing assistance. The 
following morning, postoperative day 1, they are 

advanced to a full-liquid diet. Discharge require-
ments include tolerance of a diet to maintain 
hydration and nutrition, adequate pain control on 
oral analgesics, and ability to void without a 
Foley catheter. After discharge from the hospital, 
patients can gradually introduce soft, easy-to- 
swallow, and moist foods into their diet, avoiding 
difficult to swallow foods like bread, raw vegeta-
bles, and dry meats until their 2-week follow-up 
visit. We additionally advise all medications 
larger than a baby aspirin be in liquid form, 
crushed or opened during this time, and routinely 
have patients take simethicone with all meals to 
avoid troublesome gas bloat in the early postop-
erative period. Antacid therapy is held at dis-
charge. Patients should expect to resume a diet 
without limitations in about 4 to 6 weeks.

 Side Effects and Perioperative 
Complications

Laparoscopic antireflux surgery is a safe opera-
tion when performed by experienced surgeons. 
Thirty-day mortality rates are less than 1% [8]. 
Complication rates vary according to surgeon, 
technique, and extent of patient follow-up. Since 
1993, using the National Inpatient Database, the 
rate of complications following surgery has fluc-
tuated between 4.7% and 8.3% [9–11]. These 
complications are typically minor and not spe-
cific to antireflux procedures; these include uri-
nary retention, wound infection, venous 
thrombosis, and ileus. Complications specific to 
antireflux surgery include capno-/pneumothorax, 
gastric/esophageal injury, splenic/liver injury, 
and bleeding. Additionally, antireflux surgery can 
result in postoperative side effects, including 
bloating and dysphagia.

 Side Effects

It is not uncommon for patients to have mild, 
temporary dysphagia during the first 2 to 4 weeks 
postoperatively, thought to be a result of postop-
erative edema of the wrap and the closure of the 
esophageal hiatus. In the vast majority of these 
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patients, the dysphagia resolves spontaneously. A 
second, but less common, cause of dysphagia is a 
hematoma of the esophageal/gastric wall that 
develops as a result of the sutures used to create 
the fundoplication. Although this may create 
more severe dysphagia initially, patients are gen-
erally able to tolerate secretions and liquids; typi-
cally, dysphagia resolves over a few days. In 
either of these scenarios, surgeons should ensure 
that patients can maintain their nutrition and 
hydration on a liquid or soft diet, and additional 
interventions are rarely needed.

In the event of severe dysphagia and inability 
to tolerate liquids, a UGI should be obtained to 
ensure that no anatomic abnormality exists, such 
as an early hiatal hernia or obstruction at the 
esophagogastric junction. Assuming there is no 
early recurrent hiatal hernia or true obstruction 
and patients can tolerate liquids, an expectant 
management should be followed for 3 months. If 
patients cannot maintain hydration, or dysphagia 
persists beyond 3 months, another UGI should be 
obtained to ensure that there is no anatomic 
abnormality that could explain the dysphagia. If 
the UGI demonstrates an appropriately posi-
tioned fundoplication below the diaphragm, an 
EGD with dilation of the GEJ may provide relief.

Aerophagia – the normal swallowing of air – 
is the main factor leading to gastric distention, 
and the physiologic mechanism for venting this 
air is belching, occurring via vagal-mediated 
transient LES relaxation. Following antireflux 
surgery, patients have decreased belching due to 
fewer transient LES relaxations [12] and there-
fore can experience troublesome abdominal 
bloating. In a study on the impact of gas-related 
symptoms on the outcomes of both Nissen and 
Toupet fundoplications, Kessing and colleagues 
[13] found that preoperative belching and air 
swallowing were not predictive of postoperative 
gas-related symptoms, including bloating. They 
concluded gas-related symptoms to be caused by 
gastrointestinal hypersensitivity to gaseous dis-
tention. In this study, all patients experienced 
postoperative normalization of esophageal acid 
exposure. However, despite reflux resolution, 
patients who developed postoperative gas symp-
toms were less satisfied when compared with 

patients who did not experience these symptoms. 
We have found dietary and behavioral interven-
tions such as the routine use of simethicone and 
avoiding chewing gum, straws, and carbonated 
beverages, particularly in the first few weeks 
after surgery, to be helpful.

During the early postoperative period, patients 
who report persistent nausea or demonstrate 
inadequate intake of a liquid diet should undergo 
an abdominal radiograph. If significant gastric 
distention is identified, a nasogastric tube can 
safely be placed to decompress the stomach for 
24 hours. Few patients require further interven-
tion for gastric bloating.

 Perioperative Complications

Although capnothorax is one of the more com-
mon intraoperative complications, it is reported 
to occur in only approximately 2% of patients 
[14]. While postoperative chest radiographs are 
not routinely obtained, pleural violation should 
be identified intraoperatively, and the anesthesia 
team should be informed. The pleural violation 
results in intrathoracic infusion of carbon diox-
ide, which is absorbed rapidly. Because no under-
lying lung injury exists, the lung will re-expand 
without problems. When violation of the pleura 
is identified intraoperatively, the pleural should 
be reapproximated with a suture or endoloop if 
technically feasible, and a postoperative radio-
graph should be obtained. If a pneumothorax is 
identified on this radiograph, patients may be 
maintained on oxygen therapy to facilitate reso-
lution. Unless patients experience shortness of 
breath or the need for persistent oxygen therapy 
to maintain oxygen saturation, no further radio-
graphs are obtained.

Gastric and esophageal injuries rates in the lit-
erature are approximately 1% in patients 
 undergoing minimally invasive antireflux surger-
ies [15–17]. These injuries tend to result from 
unnecessarily rough manipulation of these organs 
or during the passage of a bougie into the stom-
ach: for these reasons we do not routinely use a 
bougie. Not surprisingly, injuries are more likely 
to occur in re-operative cases and should be rare 

16 Laparoscopic Partial Fundoplication



156

during initial operations. If identified at the time 
of operation, repair of these injuries can be per-
formed with suture or stapled wedge resection, as 
appropriate, without sequelae. When the injury is 
not identified intraoperatively, patients com-
monly require a return to the operating room to 
repair the viscus, unless the leak is small and 
contained.

The incidence of splenic injury resulting in 
bleeding is about 2.3% in population-based stud-
ies, and major liver injury is rarely reported [17]. 
Although splenic bleeding is relatively uncom-
mon and when it does occur, usually it is easily 
controlled with pressure and topical hemostatic 
agents, in rare cases, it can require splenectomy. 
Splenic parenchymal injury most commonly 
occurs during mobilization of the fundus and 
greater curvature of the stomach. This is one of 
the reasons we prefer to begin with the left crus 
approach, dividing the phreno-gastric ligament 
and the short gastric vessels early in the opera-
tion. Care must be taken during mobilization of 
the fundus to avoid excessive traction on the 
spleno-gastric ligament. Partial splenic infarction 
is another type of injury that can occur. This typi-
cally occurs during transection of the short gas-
tric vessels and inadvertent coagulation of 
superior pole branch of the main splenic artery 
[18]. Partial splenic infarction rarely causes any 
symptoms, and it is generally well tolerated. 
Finally, lacerations and subcapsular hematomas 
of the left lateral section of the liver can be 
avoided by carefully retracting it out of the opera-
tive field using a fixed retractor.

 Conclusions

Despite numerous randomized clinical trials and 
meta-analyses, there still remains controversy as 
to which fundoplication provides the most dura-
ble control of reflux and the best side-effect pro-
file. A likely reason for this is that these studies 
vary in terms of patient characteristics, selection, 
and operative technique. The only consistent 
finding in these studies is that anterior fundopli-
cations provide less durable control of GERD 
than posterior partial and total fundoplications. In 

our practice, we routinely use preoperative 
manometry to evaluate for esophageal dysmotil-
ity, and if present, we proceed with a Toupet fun-
doplication. In the presence of normal motility, 
we perform a Nissen fundoplication. An anterior 
(Dor) fundoplication is mostly used as an adjunct 
to a Heller myotomy. We follow all of our patients 
for the first 12  months and perform upper GI 
studies at their follow-up to better understand 
their individual outcomes. We also use postoper-
ative symptom score questionnaires to help us 
better characterize our patients’ outcomes.
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Management of Paraesophageal 
Hernia

Francisco Schlottmann, Marco Di Corpo, 
and Marco G. Patti

 Introduction

Hiatal hernias (HH) are a common finding in the 
general population, and due to the progressive 
aging of patients, the number of HH is expected 
to increase in the future [1]. Interestingly, 
the real incidence of these hernias is unclear 
because many patients are asymptomatic, and 
the HH is diagnosed incidentally in the context 
of chest or abdominal imaging for unrelated 
conditions.

Hiatal hernias occur due to a progressive wid-
ening of the diaphragmatic esophageal hiatus 
and weakening of the phrenoesophageal mem-
brane. Consequently, the stomach and other 

intra- abdominal organs may herniate through the 
diaphragmatic hiatus into the mediastinum.

Hiatal hernias are classified into four types 
(Fig. 17.1):

• Type I “sliding hernia”: The esophagogastric 
junction (EGJ) herniates above the diaphragm 
into the mediastinum.

• Type II: A portion of the stomach is herniated 
into the mediastinum alongside a normally 
positioned (i.e., intra-abdominal) EGJ.

• Type III: The EGJ is above the hiatus, and a 
portion of the stomach is folded alongside the 
esophagus.

• Type IV: An intra-abdominal organ other than 
the stomach is additionally herniated through 
the hiatus.

Type I hernias are the most common and 
account for up to 95% of the total prevalence. 
Type II, III, and IV hernias are together termed 
paraesophageal hernias (PEH) and combined 
account for the remaining 5% of hiatal hernias.

 Clinical Findings

As mentioned above, many patients remain 
asymptomatic, and their hernias are diagnosed 
accidentally. Large PEH, on the other hand, 
may cause a wide variety of symptoms such as 
epigastric discomfort, chest pain, postprandial 
bloating, dysphagia, or respiratory problems 
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(asthma, cough, or dyspnea caused by chronic 
aspiration). In addition, patients may experience 
symptoms due to gastroesophageal reflux (heart-
burn or regurgitation). Anemia secondary to gas-
tric erosions can also be present.

Rarely, patients may present with acute severe 
symptoms and potentially lethal complications 
such as volvulus, strangulation, incarceration, 
and perforation (Fig. 17.2).

 Diagnosis

Several tests are needed preoperatively to deter-
mine the anatomy and physiology of the esopha-
gus and stomach.

 Barium Swallow

This study is critical in order to delineate the 
anatomy and the type of hiatal hernia. The abil-
ity to distinguish between different hernia types 
helps in determining the complexity of the opera-
tion (Fig. 17.3).

 Upper Endoscopy

An upper endoscopy is also useful to deter-
mine if gastric or esophageal inflammation is 
present and to rule out cancer. Cameron ulcers 
are ulcerations of the mucosal folds lining the 
stomach due to extrinsic compression of the 
diaphragm on the distal neck of a hiatal her-
nia. Though typically asymptomatic, they may 
present as acute and severe upper gastrointes-
tinal bleeding.

 Abdominal and Chest CT Scan

This test is particularly important if the presence 
of a Type IV hernia is suspected (Fig. 17.4).

 Esophageal Manometry

Abnormal esophageal motility is common in 
these patients. A partial fundoplication is pre-
ferred if there is severely impaired peristalsis. If 
the manometry is technically unfeasible or the 

Type I Type II Type III Type IV

Fig. 17.1 Hiatal hernia classification

Fig. 17.2 Gastric volvulus
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patient cannot tolerate the catheter, a partial fun-
doplication should also be performed.

Although patients with PEH usually have 
pathologic reflux, performing a pH monitoring 
study does not add relevant information preop-
eratively. The operation will alter the physiology 
of the EGJ, and a fundoplication to prevent reflux 
will be performed regardless of the results of the 
study.

Cardiac- and pulmonary-related tests are 
performed on a case-by-case basis, particularly 
because these patients are often elderly.

 Surgical Repair of PEH

Historically, surgical repair has been advocated 
in all patients with PEH, even when asymptom-
atic, due to the considerable mortality associated 
with acute hernia incarceration and strangulation. 
Currently, nonsurgical management is  considered 
a better alternative in asymptomatic or minimally 
symptomatic patients because the risk of strangu-
lation is lower than the risk of morbidity associ-
ated with the operation. Therefore, surgical repair 
is indicated mainly for symptomatic PEH [2].

Traditionally, PEH repair required either 
a laparotomy or thoracotomy, and these 
approaches were associated with high morbid-
ity. Since its introduction in 1992, the laparo-
scopic approach has been increasingly embraced 
due to its improved postoperative outcomes [3, 
4]. Nowadays, the vast majority of patients with 
PEH are managed with a laparoscopic approach.

 Laparoscopic PEH Repair

 Positioning of the Patient
After induction of general endotracheal anes-
thesia, an orogastric tube is inserted to keep the 
stomach decompressed. The patient is positioned 
supine in low lithotomy position with the lower 
extremities extended on stirrups, with knees 
flexed 20–30°. To avoid sliding due to the steep 
reverse Trendelenburg position used during the 

Fig. 17.3 Barium swallow showing a large paraesopha-
geal hernia

a b c

Fig. 17.4 Computed tomography showing a Type IV paraesophageal hernia; (a) sagittal plane; (b) coronal plane; (c) 
axial plane
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entire procedure, a bean bag is inflated to cre-
ate a “saddle” under the perineum. Pneumatic 
compression stockings and subcutaneous hepa-
rin are always used as prophylaxis against deep 
vein thrombosis (particularly important as the 
increased abdominal pressure secondary to the 
pneumoperitoneum and the steep Trendelenburg 
position decrease venous return). The surgeon 
stands between the patient’s legs and the first and 
second assistants on the left and right side of the 
operating table, respectively.

 Trocar Placement
Five 10-mm ports are used for the procedure: one 
for the camera, two for the operating surgeon, one 
for the assistant, and one for the liver retractor. The 
first port is usually placed in the midline about 
14 cm below the xiphoid process; it can be also 
placed slightly to the left of the midline to be in 
line with the esophagus. This port is used for inser-
tion of the scope. The second port is placed in the 
left midclavicular line at the same level of port 1, 
and it is used for the insertion of a Babcock clamp 
for traction, a grasper to hold the Penrose drain 
while surrounding the esophagus, or for devices 
used to divide the short gastric vessels. The third 
port is placed in the right midclavicular line at the 
same level of the other two ports, and it is used for 
the liver retractor. The fourth and fifth ports are 
placed under the right and left costal margins so 
that their axes and the camera form an angle of 
about 120°. These ports are used for the insertion 
of dissecting and suturing instruments (Fig. 17.5).

 Dissection and Reduction of Hernia Sac
Reduction of the stomach into the abdominal 
cavity is done by gently pulling the herniated 
stomach out of the posterior mediastinum down 
into the abdomen using a Babcock clamp. The 
dissection is started along the greater curvature, 
the short gastric vessels are divided, and the 
left pillar of the crus is reached. The hernia sac 
is then incised at the junction with the left crus, 
and an anterior and lateral mobilization of the 
esophagus is performed. Once the initial dissec-
tion from the left has been completed and more 
stomach is reduced, the gastrohepatic ligament 
is opened toward the right pillar of the crus, and 
the esophagus is further dissected in the poste-

rior mediastinum. A posterior window behind 
the esophagus is created and a Penrose drain is 
placed around the esophagus incorporating both 
the anterior and posterior vagus nerves. The her-
nia sac is then freed from mediastinal adhesions 
by blunt dissection (Fig. 17.6).

Key Note Excessive force should be avoided 
during the reduction of the stomach to prevent 
gastric injury or perforation. Starting the dissec-
tion along the greater curvature of the stomach by 
dividing the short gastric vessels reduces the risk 
of injury of an accessory left hepatic artery that 
can occur if the dissection is started over the gas-
trohepatic ligament (can be challenging to con-
trol the resultant bleeding if the arterial stump 
retracts above the diaphragm into the mediasti-
num). During the dissection of the hernia sac, the 
pleura can be injured in both sides. The anesthe-
siologist should be informed in case of pleural 
opening, and in case of capnothorax that results 
in hypotension or increased airways pressure, the 

14
 c

m

Fig. 17.5 Ports placement for laparoscopic paraesopha-
geal hernia repair
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reduction in insufflation pressure usually corrects 
these abnormalities.

 Esophageal Mobilization
The mediastinal dissection is extended proxi-
mally to have at least 3  cm of the esophagus 
below the diaphragm without tension. This limits 
the risk of recurrence and returns the EGJ to its 
most physiologic location.

Key Note After extended mobilization of the 
esophagus in the posterior mediastinum, the pres-
ence of a short esophagus is rare. Therefore, 
esophageal lengthening procedures (e.g., stapled- 
wedge gastroplasty) are rarely needed.

 Closure of the Esophageal Hiatus
Proper exposure of the hiatus is obtained by 
retraction of the esophagus upward and toward the 
patient’s left with the Penrose drain (Fig. 17.7). 
The closure of the diaphragmatic crura is done 
with interrupted nonabsorbable sutures (2-0 
silk). This first stitch is placed about 1 cm pos-
terior to the esophagus. Subsequent stitches are 
placed below the first one. Usually only posterior 

sutures are necessary, but sometimes one or two 
additional stitches anterior to the esophagus are 
needed to further narrow the hiatus (Fig. 17.8).

As the hiatus is often very large, the closure 
of the crura can be under tension. If there is con-
siderable tension placed on the closure, a relax-
ing incision on the right hemidiaphragm (incision 
just lateral to the right crus) can help to approx-
imate the right crus with the left one. If this is 
performed, a mesh patch over the resulting dia-
phragmatic defect is needed (Fig. 17.8).

Key Note To mesh or not to mesh? The use of a 
nonabsorbable mesh is not recommended due to 
serious complications such as mesh erosion into 
the esophagus or the aorta. Biological meshes 
with absorbable material are a safer alternative. 
In 2006, a randomized trial showed a significant 
reduction of the 6-month recurrence rate with the 
use of a biologic prosthesis as compared to cruro-
plasty alone (9 vs. 24%) [5]. The same study 
group, however, reported later a similar 5-year 
recurrence rate between the two groups (54 vs. 
59%) [6]. Therefore, we do not recommend the 
routine use of mesh, and its use should rather be 
reserved for selected patients (e.g., patients in 
whom a tension-free cruroplasty cannot be 
achieved or redo PEH repair).

Fig. 17.6 Dissection and reduction of the hernia sac

Fig. 17.7 Exposure of the hiatus

a

b

Fig. 17.8 (a, b) Closure of the esophageal hiatus
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 Fundoplication
The fundoplication is key to either treat gas-
troesophageal reflux present preoperatively or 
prevent the development of postoperative reflux 
secondary to the extensive dissection of the gas-
troesophageal junction. In addition, the fundo-
plication helps anchoring the stomach below the 
diaphragm.

The stomach is passed behind the esopha-
gus and a shoeshine maneuver is performed 
to verify sufficient fundic mobilization and to 
avoid having part of the gastric fundus above 
the wrap. For a total 360° fundoplication, a 56 
French bougie is inserted down the esophagus 
into the stomach to prevent postoperative dys-
phagia. Then, the gastric fundus is pulled under 
the esophagus with two graspers, and the left 
and right sides of the fundus are wrapped above 
the esophagogastric junction. A Babcock clamp 
is used to hold the two sides of the fundus dur-
ing the placement of the first stitch. A 360° fun-
doplication is created by placing three stitches 
of nonabsorbable material at 1-cm intervals to 
approximate the right and left side of the fun-
doplication. The length of the anterior portion 
of the fundoplication should be approximately 
2 cm (Fig. 17.9).

The partial posterior 240° fundoplication 
(Toupet fundoplication) is created by placing six 
stitches of nonabsorbable material. The right and 
left sides of the fundus are separately sutured to 
the right and left side of the esophagus, leaving 
120° of the anterior esophageal wall uncovered 
(Fig. 17.10).

Key Note Care must be taken to avoid having a 
wrap under tension. For instance, if the wrap 
does not remain in the right side after pulling the 
fundus under the esophagus and retracts back to 
the left, a partial fundoplication is preferred.

 Postoperative Care
Patients start with clear liquids and then soft diet 
the morning after the procedure. They are usu-
ally discharged after 24 to 48 hours, and they are 
instructed to avoid meat, bread, and carbonated 
beverages for the following 2 weeks. The time to 
full recovery ranges between 2 and 3 weeks.
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 Introduction

Gastroesophageal reflux disease (GERD) is 
described as symptoms and mucosal injury that 
are caused by the reflux of gastric contents into 
the esophagus. Its prevalence has been increasing 
in the Western world, estimated to be today 
between 10 and 20%, with a lower prevalence in 
Asia [1]. An important risk factor for GERD is 
obesity, which is associated with adverse meta-
bolic, cardiovascular, chronic inflammatory, and 
malignant problems. Bariatric surgery has been 
used more often during the last 10 years as it has 
been shown to be safe and effective in determin-
ing weight loss and decreasing or resolving 
comorbidities [2].

The American Medical Association now rec-
ognizes obesity, defined as a body mass index 
(BMI) of 30 or higher, as a chronic multisystem 
disease which is associated with multiple anatom-
ical, physiological, and psychological conse-
quences [3]. It has been shown that a high BMI 
increases the risk of GERD symptoms, erosive 
esophagitis, Barrett’s esophagus, and adenocarci-
noma and that there is a dose-response relation-
ship between increasing BMI and prevalence and 
severity of GERD and its complications [4, 5]. 
Therefore, unlike nonobese patients with GERD, 
bariatric surgery still remains the recommended 
treatment for GERD in the morbidly obese popu-
lation [6]. Proper understanding of the pathophys-
iological mechanisms underlying GERD in obese 
patients is essential for planning the correct oper-
ation and achieving a successful outcome [7, 8].

This chapter reviews the surgical management 
of morbidly obese patients with GERD.

 GERD in Obese Patients

The global pandemic of obesity and its associ-
ated comorbidities has become a major public 
health concern. Over the last four decades, 
worldwide prevalence of obesity has increased 
from 3 to 10% in men and from 6 to 15% in 
women [9]. In 2016, the prevalence of obesity in 
the United States increased from 33.7 to 39.6%, 
particularly among women and individuals 
40 years or older [10].
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Obesity is a well-established risk factor for 
developing GERD and its related complications 
(esophagitis, Barrett’s esophagus, and esophageal 
adenocarcinoma). Thus, GERD is present in a 
large number of patients who are considered for 
bariatric surgery [7]. Interestingly, the pathophys-
iology of GERD in morbidly obese patients is 
multifactorial and different from that of lean indi-
viduals (Table 18.1). Data from 24-hour pH moni-
toring studies show that an increase of 5 kg/m2 in 
the BMI leads to a 3-point increase in the 
DeMeester score [5]. Moreover, El-Serag et  al. 
showed that for each 1-point increase in the BMI, 
the gastric/abdominal pressure (AP) is expected 
to increase 10% [11]. This increase in intra- 
abdominal pressure determines and increase gra-
dient between the abdomen and the chest, the 
so-called transdiaphragmatic pressure gradient 
(TDPG). The difference in pressure between the 
positive gastric pressure and the negative esopha-
geal/thoracic pressure (TP) may exceed the pres-
sure of the esophagogastric barrier represented by 
the lower esophageal sphincter (LES) and the dia-
phragm. As a consequence, obese patients have a 
higher risk of developing GERD [12]. In addition, 
about 70% of patients have obstructive sleep 
apnea, which determines a more negative intra-
thoracic pressure, therefore increasing the TDPG 
and promoting reflux [13]. This increased intra-

abdominal pressure also disrupts the integrity of 
the gastroesophageal junction, determining the 
presence of a hiatal hernia (present in about 40% 
of morbidity obese patients), which contributes to 
the presence and severity of reflux [12, 14, 15].

 Diagnosis and Workup

A proper workup of patients with symptoms sug-
gestive of GERD is essential for a correct diagno-
sis and for planning treatment. The goal of the 
evaluation is to confirm the presence of reflux, to 
correlate the reflux episodes with symptoms, to 
identify anatomical and functional abnormalities, 
and lastly to recognize complications due to 
reflux.

 Surgical Options

 Laparoscopic Antireflux Surgery 
(LARS)

A laparoscopic Nissen fundoplication (360°) is a 
durable and effective operation that controls the 
abnormal reflux in most patients [16]. It is con-
sidered today the procedure of choice because it 
increases the resting pressure and length of the 
LES, decreases the number of transient LES 
relaxations, and improves the quality of esopha-
geal peristalsis. However, outcomes in morbidly 
obese patients may be not as good as in  non-obese 
patients because this procedure does not induce 
weight loss, does not decrease the transdiaphrag-
matic pressure gradient, and does not improve 
the comorbid conditions [17, 18]. In addition, 
many studies have shown that LARS in obese 
patients results in longer operative times, longer 
length of stay [19–21], and is associated with a 
higher incidence of postoperative complications 
(i.e., recurrence of reflux and hiatal hernia [20, 
22]). Performing a bariatric procedure after a pre-
vious fundoplication is more challenging and 
often associated to complications (morbidity for 
a  laparoscopic gastric bypass performed after a 
fundoplication can reach 43%) [18]. In addition, 
it may have detrimental effects on the overall 

Table 18.1 Pathophysiology of GERD in obese and lean 
patients

Pathophysiology of GERD
Lean 
patients Obese patients
TLESR Worse esophageal clearance 

(hyposalivation)
Hiatal 
hernia

Lower TP (obstructive sleep apnea)

Higher AP (increased waist 
circumference and BMI)
Higher TDPG
Acid pocket (postprandial reflux)
Altered esophageal motility
Overfeeding gastric distention and 
increased number of TLESR

LES lower esophageal sphincter, TLESR transient lower 
esophageal relaxation, TP thoracic pressure, AP abdomi-
nal pressure, TDPG transdiaphragmatic pressure gradient
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well-being of obese patients, as their comorbidi-
ties will not improve over time if a gastric bypass 
is not performed [23].

Overall, while LARS addresses most of the 
pathophysiological mechanisms of GERD, it 
does not affect the increased intra-abdominal 
pressure found in morbidly obese patients (whose 
weight promotes retrograde flow of gastric con-
tents into the esophagus) leading to worse out-
comes. Hence, if a fundoplication is chosen, 
behavioral modification and significant weight 
loss are essential before the operation in order to 
minimize poor outcomes [24].

 Bariatric Surgery

The most frequently used bariatric procedures 
include the sleeve gastrectomy (SG) and the 
Roux-en-Y gastric bypass (RYGB). These proce-
dures have been shown to be effective in achiev-
ing significant weight loss (the primary goal) and 
improving associated comorbidities [25, 26].

 Sleeve Gastrectomy
Sleeve gastrectomy is becoming the most fre-
quently used restrictive bariatric procedure. The 
stapling of the stomach from the prepyloric area 
to the angle of His creates a tubular stomach with 
decreased reservoir function. In addition, removal 
of a large part of the gastric fundus leads to 
decreased levels of ghrelin (Fig. 18.1) [27].

In 2011, Miguel et al. [28] reported the results 
of a nonrandomized, prospective, controlled clin-
ical study including 65 patients with a 1-year 
follow-up, analyzing the influence of SG and 
RYGB on erosive esophagitis. At baseline, 6 of 
33 (18%) patients in the SG group and 9 of 32 
(28%) patients in the RYGB group had endo-
scopically visible esophageal erosions (P = NS). 
One year following the bariatric intervention, the 
percentage of patients with erosive esophagitis 
rose in the SG group to 14 of 31 (45%) and 
decreased in the gastric bypass group to 2 of 32 
(6%) (p  <  0.001). Based on these findings, the 
authors concluded that SG increases the inci-
dence of erosive esophagitis, whereas RYGB 
improves the mucosal damage.

There is evidence that the SG not only wors-
ens symptoms and esophagitis in patients with 
pre-existing GERD, but it also induces “de novo” 
GERD in many patients [29–32]. Probably, this is 
due to the effect that a SG has on the antireflux 
mechanism: development of a hypotensive LES 
(by damaging the sling fibers and angle of His), 
decreasing the gastric compliance, and increas-
ing the intragastric pressure (secondary to cre-
ation of a narrow gastric tube). Mandeville et al. 
[29] analyzed 100 consecutive patients who 
underwent SG between 2005 and 2009, with a 
mean follow-up of 8.5 years. At the end of the 
study period, they noted that 52% of patients 
experienced reflux symptoms, 47% were using 
proton pump inhibitors, and 7 patients underwent 
secondary bariatric surgery (RYGB) due to 
GERD refractory to treatment, achieving com-
plete resolution of symptoms. Gorodner et  al. 
[30] analyzed 118 patients who underwent SG 
between 2012 and 2013. At 1-year follow-up, the 
DeMeester score increased from 12.6 in the pre-
operative period to 28.4 postoperatively 
(p < 0.05), 5 (36%) patients had de novo GERD, 
and in 3 patients (21%), GERD worsened. Genco 
et al. [31], in a large study with a 5-year follow-
 up, showed that the mean BMI decreased from 46 
to 29, but postoperatively erosive esophagitis 

Fig. 18.1 Sleeve gastrectomy
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(Los Angeles [LA] grade C and D) developed in 
21% of patients and Barrett’s metaplasia in 17%. 
Interestingly, GERD symptoms were experi-
enced only by 33% of patients with LA grade C 
esophagitis and by 57% of patients with LA 
grade D esophagitis. Hence, as symptoms are not 
reliable to evaluate the presence/absence of 
GERD, SG patients should have a closer follow-
 up, including esophagogastroduodenoscopy 
(EGD) surveillance due to the risk of developing 
Barrett’s esophagus [32].

Recently, two randomized multicenter tri-
als performed in Finland and in Switzerland, 
with 5-year follow-up, have confirmed that the 
RYGB and the SG are equivalent in terms of 
weight loss [33, 34]. Both trials highlighted that 
the most common reason for an operation after 
a SG was severe gastroesophageal reflux refrac-
tory to medical treatment, requiring conversion 
to a RYGB.

In summary, currently available data indicate 
an increased prevalence of esophageal erosions 
and de novo GERD in patients undergoing 
SG. Thus, morbidly obese patients with GERD 
should not undergo SG. In addition, SG patients 
with documented GERD should be considered 
for conversion to a RYGB if symptoms are poorly 
controlled by proton pump inhibitors and if 
esophagitis is present.

 Roux-en-Y Gastric Bypass
RYGB involves creating a small gastric pouch, 
followed by a gastrojejunostomy between this 
pouch and a 100–150-cm-long Roux loop. The 
procedure is highly effective for weight loss [33, 
34], as documented by initial studies in the mid-
1970s (Fig. 18.2) [35].

RYGB is considered the preferred bariatric 
procedure to treat GERD in morbidly obese 
patients [36] because this operation does not dis-
rupt the natural antireflux mechanism, creates a 
small gastric pouch with few parietal cells 
(decreasing acid output), and diverts bile from 
the stomach. In addition, gastric emptying seems 
to be accelerated after RYGB [37] and esopha-
geal motility not altered, independent of weight 
loss occurrence [38, 39]. Braghetto et al. showed 

that RYGB reduces body weight and improves 
GERD and Barrett’s esophagus when compared 
to antireflux surgery [40].

Langer et al. [41] published a report on con-
version from SG to RYGP.  Eight of 73 (11%) 
patients with SG underwent conversion to RYGP 
because of severe reflux (N = 3) confirmed by pH 
monitoring or because of weight loss failure 
(N = 5) about 3 years after laparoscopic SG. At a 
median follow-up of 14 months, conversion led 
to a significant weight reduction (15 ± 8 kg) in 
patients reoperated for weight loss failure and 
improved reflux in the three patients who had 
severe reflux. Patients with reflux symptoms after 
SG were able to discontinue acid-suppressive 
medication after conversion to RYGP.

Mejia-Rivas et al. [42] investigated the effect 
of RYGB on GERD in 20 patients using manom-
etry and 24-h pH monitoring, and they observed 
resolution of symptoms in 90% of the patients. 
On esophageal manometry, LES pressure was 
slightly increased postoperatively, being 18 ± 11 
and 20.1  ±  5.6  mmHg before and after the 
RYGBP, respectively (p = NS). On pH  monitoring, 

Fig. 18.2 Roux-en-Y gastric bypass
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the DeMeester score significantly decreased from 
48.3 to 7.7 (p < 0.001). Only one patient (5%) had 
persistent heartburn and abnormal esophageal 
acid. They concluded that weight reduction after a 
RYGBP improves reflux symptoms and esopha-
geal exposure to acid.

Furthermore, Csendes et  al. [43] performed 
preoperative and postoperative EGDs on 130 
patients undergoing RYGB. Before surgery, dis-
tal erosive esophagitis was present in 23.8% of 
patients. Postoperative, at a mean follow-up of 
92  months, EGDs showed that esophagitis had 
healed in 93% of these patients.

In summary, studies investigating gastro-
esophageal reflux in patients undergoing RYGB 
show significant improvement of erosive esopha-
gitis and reflux symptoms. In addition, evidence 
suggest that conversion of SG to RYGB is suc-
cessful in treating newly developed reflux symp-
toms and weight loss failure.

 Hiatal Hernia and Bariatric Surgery
If a hiatal hernia is present, it should be addressed 
as this does not add morbidity or increase opera-
tive time significantly [44]. Hiatal hernia repair 
may help in controlling regurgitation in patients 
with this symptom preoperatively [45, 46].

 Conclusion

The choice of the procedure should be tailored to 
the results of a methodical workup and should not 
be left to patient’s or surgeon’s preference. LARS 
may be more difficult and has worse outcomes in 
morbidly obese patients. Among the bariatric 
operations, SG is not the optimal operation for 
obese patients when GERD is present preopera-
tively. Follow-up after SG should focus not only 
on weight loss and comorbidities resolution, but 
also on detection and treatment of GERD.  The 
preferred treatment modality for morbidly obese 
patients with GERD nonresponsive to medications 
is the Roux-en-Y gastric bypass [47].
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GERD: Other Treatment Modalities

Amelia Dorsey and Mary Hawn

 Introduction

The treatment of gastroesophageal reflux dis-
ease (GERD) has historically been dominated by 
diet and lifestyle modifications in concert with 
two therapeutic options: medications or surgery. 
Medications such as antacids, histamine recep-
tor (H2) blockers, and proton pump inhibitors 
(PPIs) are the mainstay of treatment; however, 
studies have shown that as many as 30–40% of 
patients fail to completely respond to medical 
therapy for GERD [1]. Of the nonresponders, 
only approximately 5% pursue surgical inter-
vention for their disease. For all patients with 
GERD, less than 1% undergo surgical treatment 
[2]. Of the surgical options for GERD, the lapa-
roscopic Nissen fundoplication (NF) is the gold 
standard [3–5] as it restores the anti-reflux bar-
rier [6] with documented long-term success [7, 
8]. Despite the efficacy of the NF, with >90% 
of patients achieving symptom relief [1, 3, 4], 
many patients are reluctant to undergo this oper-
ation. Barriers to surgery include fear of the per-
ceived invasiveness of the operation itself and 
reservations about side effects including dys-
phagia, inability to burp, bloating, flatulence, 

diarrhea, and possible recurrence of symptoms 
requiring re-intervention [9–13]. Additionally, 
the operation requires general anesthesia and 
a 1–2-day hospital stay, which pose additional 
considerations to those who are contemplating 
surgical intervention for GERD.  Complicating 
lifelong medical management of GERD are 
the emerging concerns regarding long-term use 
of PPIs including risks of bone fracture, mal-
absorption (of calcium, vitamin B12, iron, and 
magnesium), bacterial overgrowth and infection 
including diarrhea secondary to Clostridium 
difficile, and hospitalization with community-
acquired pneumonia [14–18]. Due to the sub-
stantial percentage of refractory GERD despite 
high-dose PPIs, emerging concerns regarding 
the long-term use of PPIs, and the small per-
centage of patients pursuing surgical interven-
tions, there remains a GERD treatment gap with 
many patients not achieving symptomatic relief 
[19, 20].

There are a variety of novel endoscopic and 
laparoscopic minimally invasive techniques that 
strive to fill the treatment gap between PPIs and 
NF for GERD patients. The ideal technique to 
bridge this gap should be more effective than 
medications while also being less invasive 
and easier to perform than NF with fewer side 
effects [6]. These innovative techniques include, 
but are not limited to, Stretta® Endoscopic 
Radiofrequency Ablation System, transoral inci-
sionless fundoplication (TIF) devices including 
Esophyx® and MUSE™, the LINX® Reflux 
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Management System, and EndoStim® LES 
Stimulation System. The outcome measures 
for these technologies are broad but consider-
ations include healing of esophagitis, symptom 
improvement, GERD-related quality of life, 
reduction or discontinuation of PPIs, esophageal 
pH, esophageal manometry, and intrinsic LES 
pressure. These parameters are used to define the 
results of traditional and novel treatment modali-
ties for GERD [19].

A proposed treatment algorithm for the 
management of GERD includes the following: 
patients diagnosed with GERD should have ini-
tial treatment of PPI of at least 3  months with 
twice-daily dosing. If patient fails PPI treatment, 
further workup should include manometry, 24 
pH testing, and endoscopy. If patients have hiatal 
hernia >3 cm or severe esophagitis, they should 
undergo laparoscopic NF.  If patients have mild 
to moderate esophagitis and/or small hiatal her-
nia, they should consider endoscopic therapies 
(Stretta, EsophyX, MUSE) [21].

 Stretta® Endoscopic 
Radiofrequency Ablation System

The Stretta® system (Mederi Therapeutics Inc., 
Norwalk CT, USA) is a transoral endoscopic 
device approved by the FDA in 2000 that deliv-
ers radiofrequency (RF) energy to the lower 
esophageal sphincter and gastric cardia [22]. The 
FDA granted an updated clearance on the RF 
generator in 2011. The Stretta® procedure has 
the longest market exposure for endoscopic tech-
niques approved by the FDA and has received 
strong recommendations for use in the SAGES 
2013 and 2017 guidelines [22, 23]. The target 
patient population for Stretta® are adult patients 
(18 years or older) with symptoms of heartburn 
and/or regurgitation for 6  months or more who 
have partially or completely responded to anti-
secretory medications and who do not wish to 
undergo laparoscopic NF [23, 24]. Stretta® can 
be used in patients with prior surgical interven-
tions. Stretta® should not be applied in patients 
with severe esophagitis, hiatal hernias greater 
than 2  cm, dysphagia, long-segment Barrett’s, 

or those with autoimmune disease, collagen vas-
cular disease, or clotting disorders [23]. Patients 
with obesity and esophageal dysmotility are often 
excluded as well [24].

The device includes a four-channel RF gen-
erator and a balloon catheter system with four 
needles that deliver radiofrequency energy of 
60–300  J to each needle (465  kHz, 2–5  W per 
channel, 80 V max at 100–800 Ω) to achieve a 
desired target temperature of 85 °C to the esoph-
ageal musculature during sequential 1-minute 
treatment cycles (Fig.  19.1) [19]. The system 
has advanced thermocouples at each needle base 
(at mucosa level) and each needle tip (at mus-
cular level) which causes cessation of power if 
mucosal temperatures exceed a preset value of 
50  °C.  The thermocouples in conjunction with 
continuous irrigation of the overlying mucosa 
assure tight temperature control to avoid mucosal 
damage and stricture formation [25].

This procedure is typically performed under 
conscious sedation in the endoscopy suite. The 
recommended treatments for Stretta® are four 
treatment levels in and around the LES, 5  mm 
apart from each other, and two treatment levels in 

Fig. 19.1 Stretta device used for radiofrequency energy 
delivery to LES and gastric cardia for endoluminal treat-
ment of GERD (Reused with permission © 2019 Restech 
| Mederi-RF)
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the gastric cardia [22] totaling six treatment lev-
els. The squamocolumnar junction (Z line) serves 
as a reference level for the treatments using the 
Stretta® catheter. Initial endoscopy is used to 
identify and measure the distance to the squamo-
columnar junction. The catheter is then positioned 
1.0–1.5  cm proximal to the Z line, and the bal-
loon is inflated. The system is then activated, and 
ablation occurs at the four needle tips that project 
out at 90° angles from the balloon. The balloon is 
then deflated, and the catheter is rotated 45°, and 
ablation is then performed in this orthogonal posi-
tion at the same level. The ablations continue in 
a sequential fashion progressing distally until the 
gastric cardia is reached (Fig. 19.2) [21, 24]. The 
treatment has a small learning curve with reduc-
tions in time occurring after three procedures [26]. 
The first three procedures took approximately 
76  min, while the subsequent procedures took 
approximately 50  min in one published series 
[26]. Patients can usually return home a few hours 
after the procedure and return to work and normal 
activities within 24 h [21]. The patient is placed 
on a liquid diet following the endoluminal treat-
ment, and advanced to regular diet as tolerated.

The proposed mechanism of action of radio-
frequency ablation of the esophageal muscu-
lature is multifactorial and includes decreased 
compliance and distensibility of the lower esoph-
ageal sphincter (LES) without fibrosis, lengthen-
ing of the LES, and restoration of a physiologic 
anti-reflux barrier [27–29]. A double-blind sham- 
controlled study of the effect of radiofrequency 
energy on symptoms and distensibility of the 
gastroesophageal junction (GEJ) by Arts et  al. 

showed that Stretta® patients did not have any 
change in esophageal acid exposure or pressure 
at the LES. However, they did have significantly 
improved symptom scores and decreased GEJ 
compliance. The administration of sildenafil, a 
smooth muscle relaxant, showed normalization 
of GEJ compliance to a pre-Stretta® level, thus 
discerning that fibrosis is not the mechanism of 
decreased distensibility of the LES [28].

Furthermore, nerve alteration, decreased 
sensitivity to acid, increased wall thickness, 
and decreased relaxations of the LES result in 
symptomatic improvements for GERD patients 
[30–32]. Increased frequency of transient lower 
esophageal sphincter relaxations (TLESRs) has 
been demonstrated as a contributing factor to 
GERD, and the Stretta® procedure has been 
shown to decrease these transient LES relax-
ations. The therapy is believed to alter vagal 
efferent fibers thus inhibiting the motor compo-
nent of TLESRs and decreasing this mechanism 
of reflux episodes [24, 33–35].

 Results

Stretta® has been on the market since FDA 
approval in 2000 and has many published papers 
citing its safety and efficacy. Studies show that 
it is effective in reducing symptoms of GERD, 
improving quality-of-life scores, and decreas-
ing compliance of the LES [13]. Safety data, 
short- term and long-term results from many 
studies including randomized trials, are avail-
able and show good outcomes in symptom-

Fig. 19.2 Stretta procedure (Reused with permission © 2019 Restech | Mederi-RF)
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atic improvement and medication reduction for 
GERD. The initial US open-label trial investigat-
ing the Stretta® procedure for the treatment of 
GERD showed 6- and 12-month data. At both 
6 and 12  months, there were improvements in 
median heartburn score, GERD score, satisfac-
tion, and mental and physical SF-36 quality-
of-life scores. Additionally, PPI requirement 
went from 88% of patients to 30% of patients. 
This study showed a significant improvement in 
esophageal acid exposure and had a low compli-
cation rate of 8.6% [36]. An early randomized, 
sham-controlled trial by Corley et  al. in 2003 
showed 6-month data improvements in heartburn 
symptoms and quality of life but did not show 
decrease in esophageal acid exposure [32]. These 
initial studies along with a multitude of subse-
quent investigations emerged showing Stretta® 
as a new option for select symptomatic GERD 
patients and as an alternative to PPI therapy or 
surgical interventions.

The first published meta-analysis by Perry, 
Banerjee, and Melvin included a review of 18 
publications and 2 RCTs with a total of 1441 
patients who underwent Stretta® from 2001 
to 2010. They were evaluated post-procedure 
and analysis compared symptoms, validated 
GERD- HQRS survey results, LES pressure, 
and esophageal acid exposure. Meta-analysis 
showed statistically significant GERD symptom 
improvement, GERD-HQRS score, and esopha-
geal acid exposure, though it did not normalize. 
LES pressure improvement did not reach statis-
tical significance [37, 38]. Long-term follow-up 
was then established with 8-year and 10-year 
follow-up data [39]. Noar et al. studied a group 
of 99 patients who were nonresponsive to PPIs 
and followed them for 10 years. Results showed 
that the GERD-HQRS normalized in 72% of 
patients, 41% of patients were able to stop PPI 
therapy, and 54% were satisfied at 10  years. 
There were 11 patients that required re-inter-
vention with Stretta®, and 85% of patients who 
had Barrett’s esophagus on biopsy had regres-
sion of their disease, and there were no reported 
adverse events or side effects from the procedure 
[39]. These studies helped establish Stretta® as 
an effective, safe, and durable treatment option 

for select GERD patients. The most recent pub-
lished meta- analysis by Fass et  al. included 24 
published observational studies and 4 RCTs with 
2468 patients followed for over 2 years. Results 
showed a statistically significant improvement 
GERD-HRQL, heartburn standardized score, 
and esophageal acid exposure. Overall, 51% of 
patients were able to stop PPI use. The treatment 
reduced the incidence of erosive esophagitis by 
24%, and LES basal pressure increased slightly 
but did not reach statistical significance [40]. 
Data since inception and availability of Stretta® 
in 2000 have consistently shown improvement in 
subjective symptoms but have not shown signifi-
cant improvement in objective measures such as 
LES pressure and normalization of esophageal 
acid exposure. Treatment with Stretta has been 
shown to be safe, effective, durable, and feasible 
and may help fill the treatment gap between PPI 
therapy and surgical therapy for GERD.

The procedure has very low complication 
rates, however; they include perforation, bleed-
ing, and recurrence of symptoms. Esophageal 
injury with mucosal injury requires close obser-
vation, whereas full-thickness injury and per-
foration require definitive repair. Endoluminal 
stenting of such injuries is a potential option. 
Endoluminal bleeding is caused by penetration of 
submucosal vessels and can usually be controlled 
endoscopically with pressure, injection, cautery, 
or clipping. Esophageal varices are a contrain-
dication to Stretta® [13]. In patients who fail to 
have improvement in GERD after Stretta®, anti- 
reflux surgery can still be performed. [35]

 Additional Considerations

The role of Stretta® in the treatment of GERD 
may be broad. There is an established use in 
patients with hiatal hernia <2 cm who are refrac-
tory to maximal PPI therapy, those who are con-
cerned about long-term risk of PPI therapy, and 
those who are averse to surgery. Additionally, 
Stretta® can be used in the LES of patients with 
prior gastric bypass [41] or subtotal gastrectomy 
[13] or with prior Nissen [42]. The Stretta® pro-
cedure was shown to be safe and effective in 
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improving satisfaction scores and quality of life 
and reducing PPI use in 18 patients with refrac-
tory GERD after laparoscopic NF [42]. Stretta® 
can therefore be used in patients with prior gastric 
surgery, but gastric surgery can also be done after 
Stretta®. Nissen or other laparoscopic anti- reflux 
operations can be safely performed after Stretta® 
[35, 43]. The therapy has also shown efficacy 
in reflux related childhood-to-adult persistent 
asthma [44] and is suggested as an initial anti-
reflux procedure in children [45] and as treatment 
of recurrent reflux in pediatric patients [46].

 Transoral Incisionless 
Fundoplication (TIF)

Transoral incisionless fundoplication (TIF) 
describes an endoluminal procedure that is 
another endoscopic option for the treatment of 
GERD.  The procedure relies on restoring the 
angle of His to recreate and reinforce the gas-
troesophageal valve function, mimicking the 
anatomic principle of laparoscopic NF [5]. 
Incisionless fundoplication is performed using 
either the EsophyX™ device to create a 270° fun-
doplication or the Medigus Ultrasonic Surgical 
Endostapler (MUSE™) to create a partial ante-
rior 180° fundoplication [6].

The EsophyX™ device, developed by 
Endogastric Solutions (Redwood City, WA), was 
initially approved by the FDA in 2007 [22] and 
is an endoscopic surgical stapling instrument that 
is single use and goes over the endoscope to cre-
ate a partial fundoplication that is approximately 
3-cm-long and 270° [47]. The TIF 2.0 technique 
is a plication formed by full-thickness apposition 
of the gastric fundus to the distal portion of the 
esophagus. The plication is fixed in place with 
H-shaped 3-0 polypropylene fasteners that mea-
sure 7.5 mm in length (Fig. 19.3) and are placed 
on the far anterior and far posterior sides of the 
lesser curve. The device is in its third iteration 
with the EsophyXZ® which was approved by the 
FDA in 2016 and boasts more efficient device 
use and stapler-style trigger device for fastener 
deployment and improved operative times. The 
procedure is performed under general anesthesia, 
requires less than 1 h to complete, and a surgeon 
operates the device while an assistant operates 
the gastroscope [22]. Patients can typically return 
to work within a few days of the procedure. 
Thus, the procedure may serve as an intermedi-
ate option to fill the treatment gap between PPI 
therapy and laparoscopic NF [22].

The initial phase I trial examined the histology 
of the procedure and demonstrated serosal fusion 
of full-thickness tissue plications. The procedure 
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Fig. 19.3 Transoral incisionless fundoplication with 
EsophyX® device. (a) GE junction with poor valve func-
tion. (b) Fastener delivery system. (c) Helical retractor for 
tissue grasping and repair. (d) Tissue approximation to 

recreate valve. (e) Repaired tissue with initial tissue 
approximation for wrap. (f) Fundoplication complete with 
H-shaped fasteners (Reused with permission © 
EndoGastric Solutions, Inc.)
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was shown to reduce the circumference of the 
gastric cardia and improve the Hill classification 
grade. The phase II trial showed normalization of 
distal esophageal acid exposure, increased LES 
pressure and length, and a valve appearance and 
location that appeared similar to the laparoscopic 
NF [48]. The procedure not only recreates the 
flap valve at the angle of His but also reduces the 
number of postprandial TLESRs, reduces EGJ 
distensibility, reduces the proximal extent of acid 
exposure, and reduces the number of reflux epi-
sodes [49].

 Results

The randomized control trial by Hunter et al. in 
2015 included patients with regurgitation and 
daily PPI use and evaluated the efficacy of tran-
soral fundoplication versus omeprazole for treat-
ment of regurgitation. Initially 696 patients were 
screened, and patients with troublesome regur-
gitation/GERD and hiatal hernias <2  cm were 
assigned to TIF followed by 6 months of placebo 
or sham surgery and 6 months of PPI (either once 
or twice daily). Results showed TIF eliminated 
troublesome regurgitation in 67% of patients, 
while PPIs did so in 45% of patients. There were 
36% of patients who had no response at 3 months 
in the control group versus only 11% in the TIF 
group. Esophageal acid exposure improved, but 
did normalize, after TIF but not after sham sur-
gery. Subjects in both groups reported similar 
improvements in GERD symptom scores. The 
complication rate was low with 3/87 in TIF group 
and 1/42 in the control group. This study showed 
that TIF was an effective treatment for GERD at 
6 months and had a low complication rate [49].

The TEMPO RCT in 2015 compared TIF 
versus PPIs in 63 randomized patients with 
regurgitation and atypical symptoms and found 
at 6-month follow-up troublesome GERD was 
eliminated in 97% of TIF patients versus 50% of 
PPI patients. Regurgitation and extraesophageal 
symptoms were eliminated in 62% of TIF patients 
versus 5% of PPI patients. Esophageal acid expo-

sure normalized in 54% of TIF patients and 52% 
of PPI patients, while 90% of TIF patients were 
off PPIs at 6-month follow-up [50]. The 3 and 
5 year data from the TEMPO trial provide data 
on the long-term results of TIF.  Of 63 patients 
who underwent TIF, 60 were available for 1-year 
follow-up, 52 for 3 years, and 44 patients at 
5-year follow-up. At 3 years 90% of TIF patients 
had absence of regurgitation, while 88% had 
absence of atypical symptoms. Additionally, 
71% of TIF patients no longer used PPIs, and 
86% of patients had a full recovery of esophagi-
tis [51]. This 3-year data showed that TIF offers 
durable symptom control for chronic GERD. At 
5 years, the TEMPO trial showed that TIF is safe, 
durable, and cost-effective [52]. Troublesome 
regurgitation was eliminated in 86% of patients 
at 5 years, while resolution of troublesome atypi-
cal symptoms occurred in 80% of patients. No 
serious adverse events occurred, and only 34% of 
patients were on daily PPIs at 5 years compared 
to 100% of these patients prior to intervention. 
The GERD-HRQL score improved from 22.2 
to 6.8 at 5  years showing sustained symptom 
improvement at 5 years.

Further long-term data at 6 and 8  years 
were published. The 6-year data by Testoni 
et  al. showed elimination of daily dependence 
on PPIs in over 75% of patients, while 30% of 
patients were off PPIs altogether at 6 years [53]. 
Symptom scores off PPI were lower at 6, 12, 24, 
and 36 months. Factors predicting good outcome 
included absence of hiatal hernia or hernia <2 cm, 
effective esophageal motility, and increased num-
ber of fasteners deployed [53]. A retrospective 
cohort study by Chimakangara et  al. provided 
8-year data regarding reflux symptoms and qual-
ity of life after TIF in a patient group who were 
all taking PPI at least daily. At median follow-up 
of 97 months, 12 of 57 patients underwent subse-
quent laparoscopic anti-reflux surgery, and of the 
remaining patients who did not, 23 patients com-
pleted long-term follow-up. Of these patients, 
73% reported daily acid-reducing medication 
use. The Median GERD-HRQL scores improved 
from 24 at baseline to 10 at long-term follow-
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up. Of these patients available for long-term 
follow- up, 78% were either satisfied or neutral 
regarding their GERD management. The major-
ity of patients in this study resumed daily PPI 
therapy; however, they did demonstrate signifi-
cantly improve GERD-HRQL scores compared 
to  baseline and increased satisfaction regarding 
their GERD management [54].

There have been two recent meta-analyses 
examining the efficacy of TIF. The first by Huang 
et al. in 2017 analyzed 18 studies comprised of 
5 RCTs and 13 prospective observational stud-
ies totaling 963 patients. An intention-to-treat 
analysis of the pooled data of 5 RCTs showed 
that the relative risk of response rate to TIF ver-
sus PPI or sham was 2.44 and the total number 
of reflux events was decreased after TIF com-
pared to the PPI or sham groups. The studies 
showed an improvement in typical and atypical 
GERD symptoms and a trend toward reduction 
of esophageal acid exposure that did not reach 
statistical significance. The majority of patients 
decreased PPI dose compared to pre-procedure, 
but PPI use increased with time following the 
TIF procedure. After TIF, the total satisfaction 
rate at 6  months was about 69%. This meta-
analysis showed that TIF is an alternative inter-
vention to control GERD-related symptoms and 
that short-term patient satisfaction is good but 
long-term results showed decreased efficacy 
with time [55]. Additional meta-analysis by 
Gerson et al. in 2018 analyzed RCTs of the TIF 
2.0 procedure versus controls in patients with 
long-term chronic, refractory GERD on maxi-
mal PPI therapy. Data from 233 patients was 
included at 3-year follow- up and showed statis-
tically significant improvement in esophageal 
pH, a decrease in PPI utilization, and improve-
ment in quality of life [56]. Overall, TIF with 
the EsophyX™ device has been shown to be 
effective in improving GERD-related symp-
toms, PPI use, and quality of life and received a 
strong recommendation from the SAGES guide-
lines committee in 2017; however, the effective-
ness of laparoscopic NF on GERD outcomes 
remained superior to PPIs and TIF [22].

 Complications and Additional 
Considerations

The complication rate for the Esophyx™ device is 
low; however, severe adverse events occurred at a 
rate of 2.4% and consisted of gastrointestinal per-
foration and bleeding [55]. A total of 781 patients 
were evaluated in a meta-analysis including 4 
RCTs and 12 prospective observational trials, 
and severe adverse events occurred in 19 patients. 
There were seven perforations, five complications 
of bleeding, four patients with pneumothorax and 
one patient, with severe post- procedure epigastric 
pain. There was one death reported which was 
20 months after the procedure; however, the rela-
tionship to the prior TIF procedure was unknown.

The use of Esophyx as salvage for recur-
rent GERD after failed fundoplication has 
been described by Bell et  al. and was shown 
in this study to be safe and effective [57, 58]. 
Additionally, Perry et al. showed that prior TIF 
does not significantly increase the morbidity of 
a subsequent laparoscopic NF [59]. Upon lapa-
roscopic evaluation after TIF, reasons for failure 
were fundoplication breakdown or presence of 
hiatal hernia [58, 59].

Another proposed use of TIF described in one 
small retrospective cohort study is neurologi-
cally impaired children with GERD. In this small 
study, TIF was shown to resolve GERD in 10 out 
of 11 of these children [60]; however, TIF is not 
FDA approved in children, and the use of a 54Fr 
diameter delivery system limits its application in 
pediatrics. Areas for future investigation include 
comparisons of TIF to laparoscopic NF and eval-
uation of TIF effects on long-term GERD compli-
cations such as Barrett’s esophagus, esophageal 
cancer, and stricture formation [20].

 Medigus Ultrasonic Surgical 
Endostapler (MUSE™)

The Medigus Ultrasonic Surgical Endostapler 
(MUSE™ Medigus Ltd, Omer, Israel) is an endo-
scope that has an ultrasound transducer, a video 
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camera, and an endostapler that deploys five 4.8- 
mm titanium surgical staples proximal to the Z line 
to create a partial anterior fundoplication (Fig. 19.4) 
[6]. The patient is placed under general anesthesia 
with endotracheal (ET) intubation, and the endo-
scope is inserted through an overtube, advanced and 
retroflexed in the stomach. The ideal site above the 
EGJ to create the partial fundoplication is detected 
using ultrasound and video images, and then the tis-
sue is clamped and stapled endoscopically. The pro-
cedure is repeated to form a flap, creating a partial 
anterior 180° fundoplication [19, 61].

The MUSE™ device and procedure are 
the newest (FDA approval 2014) for the endo-
scopic treatment of GERD and, as a result, has 
the least amount of data supporting its use. The 
first preclinical trial was completed in 2008 on 
12 study animals. All animals had a success-
ful partial fundoplication with no short-term 
post-procedure complications [62]. An interna-
tional multicenter, prospective trial evaluated 69 
patients who underwent endoscopic anterior fun-
doplication and 6-month follow-up data for 66 
patients showed GERD-HRQL score improved 
by >50% while patients were off PPIs in 73% 
of patients. Additionally, 64.6% of patients were 
no longer using daily PPIs at 6  months. The 
remaining patients who continued PPIs post-pro-
cedure reported ≥50% reduction in dose, and the 
mean percent of time with esophageal pH <4.0 
decreased from baseline at 6  months. Adverse 
effects were periprocedural chest discomfort and 
sore throat, fever, and one patient with pneumo-
mediastinum and pneumothorax. There were 2 
severely adverse events that occurred in the first 
24 patients (1patient with pneumothorax, pleu-

ral effusion, and esophageal leak; 1 patient with 
GI bleed), which prompted protocol and device 
changes. Subsequently, there were no further 
severe events that occurred in the remaining 48 
enrolled patients [61].

A study with 5-year follow-up data, pub-
lished in 2015, followed 13 patients initially in 
a MUSE™ pilot study for 6 weeks and then to 
5 years. At 6 weeks the mean total acid exposure 
was significantly reduced, and 12/13 patients had 
reduced GERD-HRQL severity scores by ≥50% 
and were able to stop daily GERD medications. 
At 5 years, 11 of 13 patients were available for 
follow-up. GERD-HRQL scores were normal in 
10/11 patients, and all patients would agree to 
do the procedure again with a median satisfac-
tion score of 8/10. At 4–5 years no patients had 
dysphagia, 54% (7/13) patients eliminated PPI 
use, while another 23% (3/13) reduced PPI use 
by ≥50% [63]. Additional long-term data with 
4-year follow-up was reported by Kim et al. in 
2016. A multicenter, prospective study using the 
MUSE™ endoscopic stapling device evaluated 
37 patients at baseline, 6  months, and annu-
ally up to 4 years post-procedure. At 6 months 
83.8% of patients remained off daily PPIs, and 
at 4  years 69.4% were off of daily PPIs. The 
GERD-HRQL scores off PPIs were significantly 
decreased from baseline at both 6  months and 
4 years post- procedure, and for those who were 
on GERD medications, the daily dose decreased 
at both time points [64, 65]. Overall, initial data 
for the MUSE™ endoscopic stapling device is 
promising for symptom relief and decreased PPI 
use with an acceptable safety profile; however, 
further study is needed. Future investigations 

a b c

Fig. 19.4 Transoral incisionless fundoplication with 
MUSE™ endostapler. (a) MUSE™ endoscopic stapler. 
(b) Ultrasound guidance, device in retroflexion, and ready 

to begin creation of partial fundoplication. (c) Flap valve 
after endoscopic stapling (Reused with permission © 
Medigus)
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with larger randomized groups of patients, lon-
ger follow- up, presence of sham or control, and 
comparison to other endoscopic treatments for 
GERD along with ongoing safety and efficacy 
studies are warranted prior to widespread use of 
the device.

The endoscopic treatments for GERD dis-
cussed above represent new options to potentially 
fill the treatment gap between medications and 
traditional surgical techniques of fundoplication; 
however, patient selection remains paramount. 
In addition to endoscopic treatments for GERD, 
emerging laparoscopic therapies aside from NF 
pose additional options and these include LINX® 
magnetic LES augmentation, EndoStim® LES 
stimulation, and laparoscopic RYGB, particu-
larly in patients with BMI >35 kg/m2. These lapa-
roscopic operations still allow for repair of hiatal 
hernias but eliminate fundoplication, and its side 
effects, and attempt to improve inefficient LES 
function [6].

 Laparoscopic Modalities 
for Treatment of GERD

 Magnetic Sphincter Augmentation 
(MSA) Using the LINX® Device

Magnetic sphincter augmentation (MSA) using 
the LINX® reflux management system (Torax 
Medical, Shoreview, MN) was approved in the 
USA in 2012 and is now an established lapa-
roscopic procedure for reflux with published 
efficacy [6]. The device consists of a string of 
titanium beads (MRI safe to 1.5 T) with a mag-
netized core that are connected with independent 
titanium wires to form a ring that is placed cir-
cumferentially around the EGJ (Fig. 19.5) [66]. 
The beads are attracted to each other by mag-
netic forces and increase the pressure of the LES 
circumferentially to help restore the anti- reflux 
barrier and eliminate transient esophageal relax-
ations thought to contribute to reflux. The beads 
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Fig. 19.5 LINX® Magnetic Sphincter Augmentation 
device placement and function. (a) Sizing tool for LINX® 
device measurement. (b) Positioning of LINX® around 
LES. (c) Closure and fastening of LINX® device using 
pre-attached sutures. (d) Device positioned at LES to 

resist opening gastric pressure and reflux. (e) Device 
opening during swallowing of food bolus. (f) Device 
returned to closed position to augment LES. © Ethicon 
Endosurgery
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rest on each other when the device is in the closed 
position to prevent esophageal compression. The 
wire connecting the beads allows adjacent beads 
to be displaced relative to each other to reach 
a maximal fixed diameter of 3.6  mm [67]. The 
mechanism of action is dynamic augmentation; 
the magnets help keep the LES closed to mini-
mize reflux yet temporarily open to allow a food 
bolus and liquid to pass through during swallow-
ing. When adequate pressure is reached, 27 mm 
Hg, the magnetic attraction is overcome and the 
LES is allowed to open, allowing patients to eat, 
drink, belch, or vomit [6, 19, 67]. Peristaltic con-
tractions of the esophagus produce pressure of 
40–100  mmHg which is sufficient for the food 
bolus to overcome the force of the device and 
pass through the esophagogastric junction nor-
mally. Gastric contents will not generate enough 
pressure to overcome the barrier, hence, mini-
mizing reflux. Emesis will generate enough force 
to allow patients to vomit if needed [66].

Pre-procedure workup includes EGD, 
GERD- HRQL score, pH study, and esophageal 
manometry. Selection criteria include patients 
18–75 years of age, >6 months of reflux, a par-
tial response to daily PPIs, and increased esopha-
geal acid confirmed with esophageal pH study. 
Exclusion criteria are LA grade C or D esophagi-
tis, Barrett’s esophagus, esophageal motility dis-
order, dysphagia >3 times per week, BMI >35, 
allergy to components of the device (titanium, 
stainless steel, nickel, or ferrous materials), and 
traditionally, large hiatal hernia (≥3 cm) [68].

The procedure is a minimally invasive lapa-
roscopic procedure during which the device is 
placed around the LES to augment its function 
[19]. The median time required to place the 
device, in the initial multicenter FDA trial, from 
time of last port insertion to first port removal 
was 36 min (range 7–125 min) [68]. The opera-
tion includes careful dissection of the GE junc-
tion fat pad away from the GE junction, opening 
the phrenoesophageal ligament along the ante-
rior border of the left crus, and then dissection 
on the right side of the hiatus. The gastrohe-
patic ligament is incised, hepatic branch of the 
vagus nerve preserved, and the gastroesophageal 
junction is identified. The peritoneum along the 

anterior border of the right crus is opened above 
the crural decussation, and the posterior vagus 
nerve is identified. A retroesophageal window 
between the vagus nerve and the esophagus 
is created bluntly and then a Penrose or vessel 
loop is placed around the esophagus, excluding 
the posterior vagus nerve. The esophageal sizing 
tool is placed circumferentially, assuring that the 
 underlying esophagus and musculature are not 
indented or compressed, to determine the appro-
priately sized device. The device is then placed 
encircling the esophagus, excluding the posterior 
vagus nerve, and the two ends of the device are 
approximated anteriorly and fastened into place 
using the pre-attached traction sutures. If there 
is a hiatal hernia present, it should be formally 
repaired prior to device measurement and place-
ment. Patients can typically go home within 24 h 
on a solid diet [67–70].

Additional discussion exists around minimal 
versus obligatory dissection of the diaphragmatic 
hiatus during MSA surgery. At the inception of 
the device, minimal hiatal dissection (MHD) 
was recommended as the best surgical approach 
for MSA placement due to concern for device 
migration into the hiatus. However, in late 2015 
the recommendation changed to obligatory dis-
section (OD) of the hiatus with concurrent hiatal 
hernia repair, if identified. A study published in 
2018 showed that there was no difference in early 
dysphagia between the two groups. Delayed- 
onset dysphagia, recurrent GERD, recurrent hia-
tal hernia, and repeat surgery for hiatal hernia 
repair were less frequent in the OD group; hence 
obligatory hiatal dissection is now recommended 
[71].

 Results
Results of the LINX® magnetic sphincter aug-
mentation (MSA) device have been published 
starting with the feasibility trial in 2010 to estab-
lish safety and efficacy of the treatment. The pilot 
study included 44 patients with abnormal acid 
exposure on 24-hour pH monitoring and persis-
tent GERD symptoms despite PPIs. The study 
showed improvement in GERD-HRQL scores 
from baseline of 25.7 to 3.8 at 1 year (80% reduc-
tion) and 2.4 (90% reduction) at 2-year follow-
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 up. At 1- and 2-year follow-up, 90 and 86% of 
patients were able to stop PPI use, respectively. 
The most common side effect was early dyspha-
gia, occurring in 43% of patients, which resolved 
without intervention within 90 days in all but one 
patient, who had the device explanted due to per-
sistent dysphagia. There were no reported device 
migrations or erosions. At 1 and 2 years, 77 and 
90% of patients had normal esophageal acid 
exposure, respectively, and the mean percentage 
of time the pH was <4 decreased from 11.9 to 
3.1% at 1 year and 2.4% at 2 years. Patient sat-
isfaction was ≥86% at both follow-up periods. 
This initial study showed efficacy and safety at 
1- and 2-year follow-up [70]. The 5-year results 
of this pilot study were subsequently published 
in 2015, and 33 of the 44 initial patients were 
available for follow-up. At 5  years esophageal 
acid exposure was 4.6% from 11.9%, 85% of 
patients had ≥50% reduction in esophageal pH, 
and 93.9% of patients had ≥50% reduction in 
total GERD-HRQL score with a mean score of 
2.9 from 25.7 at baseline. Additionally, 87.8% of 
patients were able to stop PPIs, and no erosions 
or device migrations were observed [72].

A multicenter FDA trial involving 100 
patients was published including 1-year, 3-year, 
and 5-year follow-up. The 1- and 3-year follow-
up was published first, and the primary outcome 
of normalization or ≥50% acid reduction was 
achieved in 64% of patients with success of the 
device defined as achievement of the primary 
endpoint in ≥60% of patients. For the second-
ary outcomes, 93% of patients had ≥50% reduc-
tion in PPIs, and 92% of patients had ≥50% 
reduction in GERD-HRQL scores. Esophagitis 
was decreased from 40% at baseline to 12% at 
follow- up. Satisfaction with the reflux condi-
tion improved to 95% at 1 year, 90% at 2 years, 
and 93% at 3 years follow-up compared to 12% 
at baseline on PPI therapy. The most common 
adverse event was dysphagia in 68% of patients 
postoperatively, 11% of patients at 1-year fol-
low- up, and 4% of patients at 3-year follow-up. 
Esophageal dilation for dysphagia was done on 
19 patients, 16 of which reported improvement in 
symptoms. Of note, cruroplasty was performed 
in 34% of patients who underwent the procedure, 

thus confounding dysphagia analysis based on 
device or cruroplasty [66, 68].

Serious adverse events occurred in six patients, 
requiring device removal in four of the six (three 
patients for persistent dysphagia, one patient 
due to intermittent vomiting of unknown etiol-
ogy with no relief after removal). The remaining 
two patients had rehospitalization for nausea and 
vomiting 2 days after surgery with resolution of 
symptoms without reoperation. Two additional 
devices were removed, one for persistent reflux 
symptoms and one for persistent chest pain. 
Three of the six patients who underwent device 
removal underwent subsequent NF with no com-
plications. At 3-year follow-up only two patients 
complained of inability to belch or vomit. Based 
on chest radiography and endoscopy at 1-year 
and 2-year follow-up, there was no evidence of 
device migration or erosion [68].

The 5-year results of the FDA trial study were 
published in 2016, and the GERD-HRQL scores 
decreased to 4, from 27 at baseline (off PPIs) 
and 11 (on PPIs). At baseline, all study patients 
required PPIs, while only 15.3% of patients 
required them at 5 years post-LINX® and 89.4% 
of patients had ≥50% reduction in dose at 5 years 
versus 93% at 1 year. At baseline, 57% of study 
patients had moderate to severe regurgitation, 
while only 1.2% of patients experienced this at 
5 years. At baseline, 40 patients had esophagitis, 
and of these patients 34 underwent follow-up 
endoscopy at 5 years, and 8 were shown to have 
esophagitis versus 12 at the 1-year mark, while 
5 patients developed new esophagitis (grade A 
or B) during this period. All patients were able 
to belch and vomit. Troublesome dysphagia 
occurred in 5% of patients at baseline and 6% of 
patients at 5  years. Troublesome gas bloat was 
reported in 52% of patients at baseline and was 
decreased to 8.3% of patients at 5 years. There 
were no device erosions, malfunctions, or migra-
tions reported [73].

The continued assessment of safety and effi-
cacy post-FDA approval has been studied and 
published in 2018. A multicenter prospective 
study included 200 patients treated with MSA. At 
1 year the mean total acid exposure time decreased 
from 10% to 3.6% and 74.4% of patients had nor-
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mal esophageal acid exposure time. Additionally, 
GERD-HRQL scores improved from 26 to 4 
(lower is better). The device removal rate was 
2.5% with one erosion and no serious adverse 
events [74], thus confirming LINX® MSA as a 
safe and effective therapy for GERD outside of 
the initial investigational setting.

The most feared complication of implanting a 
device around the mobile LES remains to be ero-
sion. A safety analysis of the first 1000 patients 
(from 82 institutions across the USA and Europe) 
treated with LINX® MSA over a 6-year period 
was performed and results published in 2015. 
The median implant duration at the time of analy-
sis was 274 days. Various safety parameters were 
analyzed, and for intra- or peri-\operative compli-
cations, the event rate was 0.1% (one patient with 
respiratory arrest postop, considered unrelated 
to device, successfully resuscitated), 1.3% for 
hospital readmissions (dysphagia, pain, nausea, 
vomiting), 5.6% for endoscopic dilations due to 
dysphagia, and 3.4% for reoperations for device 
removal. Dysphagia rate of 5.6% of patients is 
similar to the reported rate of 6.4% after NF, 
both of which typically improved after dilation. 
Notably, many patients are able to overcome the 
early post-LINX® dysphagia by persistent swal-
lowing of food boluses forcing the device to open 
and close to minimize constriction by the scar 
tissue around the device. All reoperations were 
nonemergent, primarily for dysphagia, and none 
had complications or required conversion to an 
open operation. Following removal, 10 of the 
36 patients had subsequent NF, though this rate 
is likely underestimated as not all post- removal 
data was available. Erosion rate was 0.1% as it 
occurred in one patient, and no migrations or 
malfunctions were reported [75].

A similar study assessing 3283 patients under-
going MSA at 191 institutions with a median 
implant duration of 1.4 years and >1000 patients 
with the device in place >2 years showed an over-
all device removal rate of 2.7% (89/3283) with 
57% removed within 1  year after implantation. 
The reasons for removal included dysphagia 
(52/89), persistent reflux symptoms (19/89), and 
erosion in 0.15% (5/3283), and no migrations or 
perforations were noted [76]. Worldwide experi-

ence with erosion was published in 2018 using 
manufacturer and user databases, and from 2007 
to 2017, a total of 9453 devices were placed 
worldwide, and there were 29 reported cases of 
erosions. The median time to presentation was 
26  months, and the risk of erosion at 4  years 
was 0.3% with the most commonly presenting 
symptom of new-onset dysphagia. The devices 
were successfully removed in all patients. The 
most commonly employed technique for removal 
was endoscopic removal of the eroded portion 
of the device followed by delayed laparoscopic 
removal of the remaining beads. At a median 
follow-up of 58  days, no long-term complica-
tions were reported after device removal [77]. A 
noted limitation of these studies is the reliance 
on providers for reporting of events outside of 
the clinical study to the FDA and manufacturer, 
which is likely not complete, raising the concern 
of underreporting of complications in the post-
FDA approval period [75]. An additional study 
focusing on device removal had a high follow-up 
rate and evaluated 164 patients for 4 years dur-
ing which 6.7% (11 devices) required removal 
and 1.2% (2 patients) had esophageal erosion 
(at 12 and 19  months post-placement) requir-
ing removal [78]. The data supports the conclu-
sion that MSA with the LINX® device is highly 
effective and safe for the treatment of GERD 
that should be considered as a tool to help fill the 
GERD treatment gap.

 Additional Considerations
The efficacy of MSA in patients with GERD 
has been evaluated; however, the outcomes in 
comparison to NF remain unclear. A meta-anal-
ysis published in 2017 pooled results of 4 trials 
including 624 patients. MSA had shorter opera-
tive time than NF and length of stay. Rates of PPI 
use, GERD-HRQL scores, symptoms, compli-
cations, and severe dysphagia requiring dilation 
were similar among the groups. The number of 
adverse events was similar between groups; how-
ever, there was statistically significant increased 
gas bloating in the NF group while there was not 
a statistically significant difference in the ability 
to belch or vomit [79]. Another meta-analysis 
compared MSA to NF and evaluated 688 patients 
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with approximately 1-year follow-up and found 
that MSA was statistically superior to NF in 
 preserving ability to belch and vomit, while there 
was no difference between the two operations in 
gas, bloating, postoperative dysphagia, or PPI 
elimination [80]. The data comparing MSA to 
NF is short term and inconsistent in its findings; 
hence further investigation is required, including 
long-term studies and RCTs to further elucidate 
these differences.

A multicenter, randomized trial comparing 
MSA to double-dose PPI for the management 
of GERD despite once-daily PPI therapy evalu-
ated 152 patients from 21 institutions followed 
for 6  months. Patients were randomized 2:1 to 
treatment with twice-daily PPOs versus laparo-
scopic MSA.  Relief of regurgitation symptoms 
was achieved in 89% of patients who underwent 
MSA versus 10% of patients in the twice-daily 
PPI group, while 81% of MSA patients had ≥50% 
improvement in GERD-HRQL scores versus 8% 
in the twice-daily PPI group. Of MSA patients, 
91% were off PPI therapy, 91% had normal num-
ber of reflux episodes (versus 58% in PPI group), 
and 89% of MSA patients had normal number of 
acid exposures (versus 75% in PPI group). No 
significant safety events were observed; however, 
28% of MSA patients reported transient dyspha-
gia, and 4% reported ongoing dysphagia. The 
results of this study suggest that MSA is more 
effective than increasing PPI dose for controlling 
GERD in patients with moderate to severe regur-
gitation despite once-daily PPI [81].

Laparoscopic MSA has efficacy in the afore-
mentioned populations; however, its use is 
being explored in additional patient popula-
tions. Reflux after sleeve gastrectomy is typically 
managed by conversion to RYGB; however, the 
LINX® device may have a potential use in these 
patients. In a recent case report, the device was 
placed for severe reflux after sleeve gastrectomy 
after which the postoperative UGI showed no 
reflux, the 10-day postop and the quality of life 
score improved, and at 1 year postop, the patient 
remained off antacid medication with no report 
of reflux [82].

The efficacy of the device in patients with 
large hiatal hernias, defined as ≥3 cm, was stud-

ied retrospectively and results published in 2017. 
There were 52 patients identified with large hia-
tal hernias, and they showed that mean GERD- 
HRQL score decreased from 20.5 to 3.6 and had 
decreased postop PPI requirement when com-
pared to those with smaller hiatal hernias. The 
percentage of patients needing intervention for 
dysphagia was similar to those with small hiatal 
hernias at 13.5 versus 17.9% (p = 0.52), respec-
tively, and the symptom improvement and reso-
lution rates were similar in both groups at 98.1 
and 91.3% (p  =  0.118), respectively [83]. An 
additional study published in 2018 prospectively 
reviewed 200 patients treated with MSA with the 
LINX® device along with repair of hiatal hernias 
>3 cm, 78% of which had hiatal hernia ≥5 cm. Of 
note, nonpermanent mesh reinforcement of the 
hiatal repair was performed in 83% of patients. 
There were 156 patients available for follow-up 
with a median of 8.6 months and shown to have 
improvement in GERD-HRQL scores from 26 to 
2, no explants, erosions or migrations; however, 
19 patients did require dilation for dysphagia, 
showing overall favorable outcomes at 9-month 
follow-up [84]. This opens another potential door 
for the use of LINX® in GERD patients with 
large hiatal hernias.

 Electrical Stimulation of the Lower 
Esophageal Sphincter (EndoStim®)

Electrical stimulation of the lower esophageal 
sphincter with the EndoStim® device (EndoStim, 
St. Louis, MO, USA) is an implantable electri-
cal stimulator that delivers energy to the LES [6, 
66]. The device has three components including 
a bipolar stimulation lead with two stitch elec-
trodes, a pulse generator, and an external program-
mer [6]. The device received CE mark in Europe 
in 2012, and multiple FDA trials are ongoing in 
the USA. The device is placed laparoscopically 
during which the two electrodes are implanted 
anteriorly along the esophagus spanning the LES 
in a staggered position (Fig. 19.6) with approxi-
mately 1-cm distance between the two elec-
trodes. The Z line is identified endoscopically, 
and transillumination is used to guide placement 
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of the electrodes. A superficial longitudinal sero-
muscular bite measuring 15 mm along the axis of 
the esophagus is performed, with care taken not 
to incorporate esophageal mucosa. The second 
electrode is placed in the same fashion. The gen-
erator is implanted in a subcutaneous pocket in 
the abdominal wall [66, 69]. The device settings 
can be modified with a wireless programmer; the 
battery lasts 7–10 years, and it can be exchanged 
as an outpatient surgical procedure [85].

The proposed mechanism of action is electrical 
stimulation delivered to the LES to increase the 
resting pressure and help control reflux [66, 86]. 
The device gives 30-minute stimulation cycles, 
6–12 times per day, with intensity and duration 
that can be modified for each patient [6, 19]. The 
cycles are usually scheduled pre-meal and pre-
reflux event based on the patient’s 24-hour pH 
study. The device also has a sensor that detects 
upright versus supine position and allows modifi-
cation in the programming based on patient posi-
tion and reflux characteristics [19, 86].

 Results
The EndoStim device does not currently have 
US FDA approval, but multicenter clinical tri-
als are ongoing [87]. A study published in 2014 
reported 3-year follow-up of 19 patients with 
electrical stimulation of the LES for treatment of 

proximal GERD. The 24-hour distal esophageal 
acid exposure improved from 10.2 to 3.4%; pH 
improved, and there was a significant improve-
ment in GERD-HRQL at 12 months. There were 
no GI side effects including dysphagia, gas bloat, 
or diarrhea. There were no reported procedure- 
related serious adverse events [88].

A multicenter international trial was published 
in 2015 which followed 41 patients for 6 months. 
Hiatal hernia repair was required in 16 patients, 
and 3 severe adverse events were reported (1 
device-related lead erosion through the esopha-
gus, 1 procedure-related trocar perforation of the 
small bowel, and 1 unrelated AVNRT arrhyth-
mia). Esophageal acid exposure improved at 3 
and 6 months; GERD-HRQL improved from 31 
at baseline off PPI, 16.5 on PPI, 4 at 3 months 
post-procedure, and 5 at 6  months follow-up. 
There was a reduction in regurgitation and no 
increase in dysphagia [89]. These studies showed 
an acceptable safety profile and good short-term 
efficacy in the study population. Another study 
evaluated 25 patients with 21 patients available 
at 2-year follow-up and showed improvement 
in regurgitation, symptoms of GERD, median 
GERD-HRQL, median 24-hour acid exposure, 
and 16/21 patients had cessation of PPI use. At 
baseline, 92% of patients unsatisfied with their 
condition off PPIs, 71% of patients were unsat-
isfied on PPIs, and 0% of patients unsatisfied at 
2-year follow-up after device placement. There 
were no reported GI side effects or adverse 
events [90].

A multicenter international trial began as a 
2-year open-label study which was extended 
to attain 3-year follow-up in a multicenter reg-
istry trial. The initial 2-year data included 23 
patients, and the median 24-hour pH improved, 
GERD- HRQL improved, and PPI use improved 
or was eliminated completely [91]. Additionally, 
15 patients completed the 3-year follow-up and 
were shown to have significant improvement in 
median GERD-HRQL, median 24-hour distal 
esophageal acid exposure, and 11/15 reported 
cessation of regular PPI use. During the 3-year 
follow-up period, there were no adverse GI 
side effects and no device- or procedure-related 
adverse events further demonstrating safety and 

Fig. 19.6 EndoStim® Device implantation for stimula-
tion of the LES (Reused with permission © Endostim)
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efficacy of the device and procedure for a longer 
follow-up period [92].

The Lower Esophageal Sphincter Stimulation 
for GERD (LESS GERD) trial is underway and 
is a multicenter trial with 16 participating sites 
worldwide with a goal of 110 patients. Enrollment 
starts May 2016 with planned primary comple-
tion August 2019 with a study completion date 
of December 2021. The trial is multicenter, ran-
domized, double-blind, sham-controlled, and will 
evaluate the safety and efficacy of the EndoStim® 
LES Stimulation System in patients ages 22–75 
with GERD who have persistent symptoms 
despite high-dose PPI. Outcome measures include 
rate of device and/or procedure-related serious 
adverse events, esophageal acid exposure, GERD 
symptoms, ability to avoid dependence on PPIs, 
and effect on quality of life. Patients with prior 
esophageal surgery, severe esophagitis (Grade C 
or D), hiatal hernia >3 cm, history of gastropare-
sis, Barrett’s esophagus, esophageal varices, BMI 
>35, uncontrolled DM, and severely impaired 
esophageal motility are excluded. The patients all 
undergo laparoscopic device implantation and are 
randomized at 2 weeks postoperatively to either 
the Treatment Group (immediate stimulation) or 
Control Group (delayed stimulation) for 6 months 
followed by an open-label phase during which all 
study patients receive electrical LES stimulation 
with planned 5-year follow-up [87].

 Additional Considerations
The use of the EndoStim® in patients with GERD 
after laparoscopic sleeve gastrectomy (LSG) was 
evaluated using a prospective, international, mul-
ticenter registry, and 17 patients were treated at 6 
centers with a median follow-up of 12 months. All 
patients had reduction or cessation of PPI therapy 
after device placement, improvement in esophageal 
pH, and median GERD-HRQL scores improved 
from 34 at baseline (on PPIs) to 9 at follow-up (off 
PPIs) demonstrating LES stimulation as a potential 
therapy for patients with GERD after LSG [93].

The EndoStim® device for stimulation of the 
LES and management of GERD is early in its 
inception, and data for long-term follow-up, larger 
patient populations, and the results of the ongo-
ing RCT are yet to be evaluated. Additionally, the 

device still requires FDA approval in the USA. It 
is unclear what the role of LES stimulation will 
be in the overall treatment of GERD, but initial 
data supports a good safety profile and efficacy 
with potential expansion to additional patient 
populations such as those with previously sleeve 
gastrectomy or those with impaired motility.

The role of novel endoscopic and laparo-
scopic techniques for the treatment of GERD is 
to be determined. There is certainly a need for 
additional options to fill the GERD treatment 
gap between medications and NF. The discussed 
techniques show promise to help fill this gap, 
while their durability, safety, efficacy, and fre-
quency of use in patients with GERD will con-
tinue to evolve over the coming years.
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Evaluation and Treatment 
of the Patient with Recurrent 
Symptoms

Victoria Lyo and James Patrick Dolan

 Introduction

Anti-reflux surgery was first introduced by 
Rudolph Nissen in 1955 to treat significant gas-
troesophageal reflux disease [1]. Almost 40 years 
later, the laparoscopic approach to fundoplication 
was introduced into surgical practice [2] and is 
currently the favored approach for treating reflux. 
Commonly, either the 360° (Nissen) or a posterior 
270° partial fundoplication (Toupet) is the most 
popular anti-reflux procedure, with the anterior 
180° (Dor) fundoplication reserved for selected 
situations such as after Heller myotomy for acha-
lasia. Based on this effective surgical approach, 
the majority of patients with abnormal 24-hour 
pH scores, typical primary symptoms, and a good 
response to acid suppression therapy will have a 
favorable response after surgery [3]. However, 
between 2 and 30% of patient can “fail” after anti-
reflux surgery in a manner that depends on how 
“failure” is defined [4–7]. Patients can develop 
heartburn, dysphagia, or gas bloating after anti-
reflux surgery, or there may be an anatomic fail-
ure of the anti-reflux wrap after the operation. 
Such anatomic postoperative failures are gener-
ally classified as a disrupted fundoplication, a 
slipped fundoplication with stomach slipping 
above the diaphragm or above the wrap, a malpo-

sitioned fundoplication, a herniated fundoplica-
tion above the diaphragm, or a fundoplication that 
is too tight or long (Fig. 20.1) [7].

In this chapter, we will review the anatomic 
and physiologic evaluation of patients with these 
new or recurrent symptoms after anti-reflux sur-
gery and provide a guide for their management.

 Patients with Dysphagia

The evaluation of new or recurrent symptoms 
depends on the timing after surgery. Postoperative 
dysphagia within 3  months of surgery is fairly 
common and occurs in up to 30–40% of cases: the 
etiology is often multifactorial [7]. Esophageal and 
fundoplication edema, transient esophageal dys-
motility, and hematomas due to needle injury can 
all cause temporary gastroesophageal junction out-
flow obstruction. As a general rule, dysphagia in 
this setting can be managed conservatively unless 
there is concomitant dehydration, weight loss, 
bleeding, or persistent vomiting. Because we antic-
ipate some degree of dysphagia in all our patients, 
we recommend that all adhere to a liquid diet for 
2 weeks postoperatively, followed by a soft diet for 
2 weeks, avoiding raw vegetables, hard meats, and 
breads that may worsen postoperative dysphagia or 
precipitate food impaction or retching.

Beyond the early postoperative period, dys-
phagia occurs in 2–5% of cases up to 5 years after 
surgery [8, 9]. Causes of postoperative dysphagia 
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Complete disruption Slipped nissen

Malpositioned wrap Transhiatal herniation

Fig. 20.1 Types of surgical failure of Nissen fundoplication (Image reused with permission © Lippincott-Raven [10])

can be divided into distinct categories. 
Fundoplication issues include overly tight wrap, 
twisted wrap, slipped, or malpositioned fundopli-
cation. Another category is that of a normal 
 fundoplication with tight or constricted hiatal 
closure. Undiagnosed esophageal motility disor-
ders such as achalasia, ineffective esophageal 
motility, and eosinophilic esophagitis may also 
cause evolving dysphagia. Finally, recurrent par-
aesophageal hernias in the setting of a prior repair 
with full or partial fundoplication may manifest 
as dysphagia [8–11]. A solid predictor of postop-
erative dysphagia is preoperative dysphagia [12]. 
Interestingly, preoperative motility studies can be 
of poor predictive value [13].

 Workup and Treatment

When liquids are not tolerated after 6–12  weeks 
postoperatively, we recommend evaluation with a 
barium esophagram that includes ingestion of a 
13-mm barium pill (or “tablet” as it is also termed). 
This study will identify any major anatomic abnor-
malities as well as stenosis at the gastroesophageal 
junction if the barium pill fails to pass after more 
than 30 seconds. If the esophagram shows normal 
passage of both contrast and the barium pill, then a 
functional problem most likely exists. In these 
instances, if symptoms are mild to moderate, then 
reassurance can be provided. It has been our expe-
rience that reassurance alone (in conjunction with a 

V. Lyo and J. P. Dolan



193

thorough dietary history and counselling) can 
resolve dysphagia in approximately 40% of cases 
without any further interventions. In all cases, how-
ever, plans should be made for an esophageal 
motility study if symptoms do not resolve within 
2–4 weeks from consultation. Overall, the current 
literature suggests that 50% of patients with mild 
dysphagia without weight loss and few dietary 
restrictions will resolve their symptoms within a 
year [14, 15]. In instances when stenosis is demon-
strated at the gastroesophageal junction by no (or 
delayed) passage of the barium pill, endoscopic 
balloon dilation should be considered as the pri-
mary intervention in a timely fashion without fur-
ther studies to abrogate continuing caloric 
malnutrition. In the minority of instances, when the 
barium esophagram demonstrates an obvious, sig-
nificant anatomic abnormality such as a slipped or 
herniated fundoplication with nonpassage of the 
barium pill, we recommend expedient reoperation 
if dysphagia is debilitating. This may entail pro-
ceeding without a formal motility study with an 
understanding between the patient and surgeon that 

a partial fundoplication may be the anatomic out-
come of reoperation and that an endoscopy will be 
performed in the operating room prior to surgery.

Upper endoscopy should be performed in 
almost all patients with persistent postoperative 
dysphagia, with the exception of cases where an 
obvious immediate diagnosis is evident on the bar-
ium esophagram. Endoscopy allows detection of 
additional findings not easily appreciated on a con-
trast study, such as eosinophilic esophagitis and/or 
esophageal rings. Endoscopy also better character-
izes the gastroesophageal junction and fundoplica-
tion including the resistance to endoscope passage. 
On retroflexion, an intact Nissen fundoplication 
will have a characteristic long valve body adhering 
to the endoscope circumferentially through all 
phases of respiration. The gastroesophageal junc-
tion will be located below the crura, confirming the 
wrap is around the distal esophagus [17]. A slipped 
fundoplication or re-herniation of the wrap above 
the diaphragm, may be apparent on endoscopy and 
may substantiate the symptom of dysphagia within 
the correct clinical setting (Fig. 20.2).

a

d e f

b c

Fig. 20.2 A retroflexed gastroscope identifies most 
abnormalities of the fundoplication. (a, b) Retroflexed 
view of a well-formed Nissen fundoplication. (c) 
Herniated fundoplication. (d) Partially disrupted fundo-

plication. (e) Disrupted fundoplication and recurrent her-
nia. (f) Twisted valve in a “two-compartment stomach” 
(Image C and F reused with permission © Springer Nature 
[16])
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Patients with severe dysphagia and a normal 
esophagram, or patients with an abnormal esoph-
agram, should be referred for esophageal motility 
study. These results should aid in the diagnosis of 
any underlying esophageal motility disorder, 
such as ineffective esophageal motility, esopha-
geal spasm, achalasia, or increases gastroesopha-
geal junction pressure, which may be contributing 
to symptoms and can provide information that 
might assist with definitive treatment. The deci-
sion to operate will depend on the patient’s nutri-
tional status and severity of dysphagia as 
previously noted. For those patients with persis-
tent dysphagia, weight loss, and ineffective 
motility shown on manometry, we would recom-
mend converting a Nissen to a Toupet fundopli-
cation after maximizing nutritional status. In 
cases when a hypertensive lower esophageal 
sphincter is diagnosed in conjunction with esoph-
ageal  aperistalsis, a Heller myotomy with Dor 
fundoplication may be performed to attempt res-
olution of symptoms [14–16]. Often, this may 
necessitate takedown of the prior fundoplication, 
and this procedure is usually difficult but not 
impossible. If motility is normal, and a slipped 
fundoplication without a hiatal problem is visual-
ized, then a revision to a floppy Nissen fundopli-
cation should be considered.

 Patients with Recurrent Reflux or 
Heartburn Symptoms

Recurrent symptoms such as chest pain, heart-
burn, and regurgitation are also common in the 
early postoperative period and are often best man-
aged with reassurance and attention to diet. It is 
worth remembering that patients with evidence of 
significant esophagitis or gastritis preoperatively 
may not have full healing of these conditions for 
some time after surgery. When symptoms are sim-
ilar to before surgery, a trial of acid suppression is 
appropriate in these individuals, as they will likely 
resolve with therapy. When symptoms persist or 
recur after 3  months post-operatively, further 
workup is warranted. On initial consideration, it 
might be tempting to conclude that a partial wrap 
might be associated with a high rate of reflux 

symptoms and, consequently, frame our response 
to patient concerns. In reality, this is not the case. 
A recent meta-analysis, examining the results of 
13 randomized clinical trials found no difference 
in persistent reflux symptoms between laparo-
scopic Nissen and Toupet fundoplications [18]. It 
may also be a surprise to many practitioners who 
provide both medical and surgical treatment of 
reflux disease, that between 2 and 40% of patient 
experience some degree of recurrence of their 
symptoms at 5 years after their initial operation 
[7, 11, 19, 20]. It is also worth noting that between 
15% and 50% of patients are prescribed proton 
pump inhibitor (PPI) therapy postoperatively, 
mainly by their primary care provider, and that 
there is increased use of these medications as fol-
low-up time increases [20, 21]. Other aggregate 
causes of recurrent reflux symptoms include poor 
initial evaluation, technically inadequate fundo-
plication, disrupted or slipped fundoplication, 
recurrent hiatal hernia with intrathoracic wrap 
migration, undiagnosed esophageal dysmotility, 
or infection. Earlier symptoms may suggest a 
technically inadequate initial fundoplication or a 
disrupted fundoplication, but both present with 
decreased lower esophageal sphincter pressure. 
With careful questioning, it is not infrequent that 
a patient may attribute onset of recurrent symp-
toms to a retching event, gastrointestinal illness, 
or after a particular episode of vigorous activity or 
coughing.

Many studies have attempted to identify pre-
dictors of poor symptomatic outcome after fun-
doplication, but consistent factors have not been 
reliably identified. One group followed patients 
for 11 years postoperatively and found that those 
with atypical symptoms, no response to acid- 
suppressive therapy, and those with a BMI 
>35  kg/m2 were more likely to fail anti-reflux 
surgery, as evidenced by reoperation, poor patient 
satisfaction, or severe symptoms [22]. However, 
a large meta-analysis of 63 studies did not find 
consistent evidence that age, sex, BMI, or preop-
erative response to acid suppression, esophagitis, 
or dysmotility was associated with postoperative 
outcomes [23]. Based on our review of quality 
studies and our own experience, we have found 
that preoperative predictors of success after fun-
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doplication include the presence of typical GERD 
symptoms, responsiveness to PPI therapy, and 
abnormal 24-hour pH study with a positive symp-
tom index. We have also found that patients with 
atypical symptoms, or symptoms associated with 
cough, chest pain, or hoarseness often fail to 
achieve full resolution of these symptoms 
postoperatively.

 Workup and Treatment

Recurrent symptoms of reflux alone can be poor 
indicators of a specific physiologic or anatomic 
issue, and objective studies should be performed in 
all cases where conventional dietary and behavior 
modifications have not helped. We usually start 
our workup with a barium esophagram and barium 
pill to identify anatomic abnormalities of the fun-
doplication or re-herniation. Barium swallow can 
reveal multiple abnormalities such as free reflux of 
contrast or loss of a normal fundoplication filling 
defect, suggestive of a disrupted fundoplication. A 
new or recurrent hiatal hernia may be present and 
associated with slippage of the proximal stomach 
above the wrap or migration of the entire wrap 
above the diaphragm. If these findings are seen, 
we recommend upper endoscopy to better delin-
eate the anatomy and help determine if other 
esophageal pathology is present. If findings are 
normal, reassurance with or without a trial PPI 
therapy can be attempted. If symptoms persist, an 
upper endoscopy should be performed with plans 
for a concurrent pH study unless significant esoph-
agitis is visualized and biopsied. With a normal 
esophagram, most patients will have normal fol-
low-up studies, but up to 10% will have findings 
on esophagogastroduodenoscopy (EGD) that were 
not detected on esophagram. A disrupted fundopli-
cation, for example, may be seen on endoscopy as 
a patulous gastroesophageal junction or loose 
wrap seen on retroflexion (Fig.  20.2) [16, 17]. 
When no anatomic deformities are seen on esoph-
agram or endoscopy, a 24-hour pH monitoring 
study is often normal.

Definitive treatment in cases where symptoms 
are persistent and severe will probably warrant 
reoperation to reduce a hiatal hernia if one if 

present, or to revise the prior hiatal repair or fun-
doplication. When arriving at this point, a thor-
ough workup should include esophagram, 
endoscopy (with biopsy as indicated by findings), 
and pH study. Dysmotility is occasionally 
reported by the radiologist performing the esoph-
agram and is usually best confirmed with esopha-
geal manometry. If there is significant dysmotility 
on manometry, even if the patient has no swal-
lowing symptoms, we would still recommend 
conversion of a Nissen to a partial fundoplication 
to eliminate any swallowing difficulties after the 
reoperation. When the esophageal motility is nor-
mal, then a redo Nissen fundoplication can be 
performed. Careful patient counselling as to the 
expectations of outcomes is essential prior to any 
revision operation.

 Patients with Gas Bloat

Gas bloating after fundoplication refers to a wide 
range of symptoms that may include abdominal 
distension, postprandial fullness, nausea, gener-
alized abdominal discomfort, and the inability to 
belch and/or vomit with the associated sensation 
of trapped abdominal gas. Habitual swallowing 
to clear gastric acid reflux with resultant aeropha-
gia may be a learned response in quite a number 
of patients. This can contribute to postoperative 
gas bloat, since air trapping cannot be relieved by 
belching with a competent fundoplication [7, 24]. 
Patients with postoperative gas bloat symptoms 
may either have an exacerbation of a preoperative 
functional problem, a novel postoperative prob-
lem, or may have overt delayed gastric emptying 
resulting from vagal injury. Those in the first 
group generally suffer from aerophagia or 
unidentified preoperative delayed gastric empty-
ing. The second group of individuals are gener-
ally those with sensitivity to narcotic pain 
medications or preexisting diabetes with a post-
operative elevation in serum glucose levels. 
Rarely, patients in this group may have suffered 
from transient vagal nerve traction or thermal 
injury that will resolve over time or have a sizable 
intra-thoracic stomach that has been returned to 
the abdomen. Patients in the latter category gen-
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erally have significant undiagnosed gastroparesis 
or have suffered injury to both vagal nerves. The 
prevalence of gas bloat syndrome is reported to 
be as high as 85% in the first 3 months after sur-
gery [25, 26], but these symptoms mostly resolve, 
resulting in a prevalence of 7.5% at 5 years [8, 
11]. Fortunately, in a study of patients requiring 
revision surgery, only 4.6% of cases were found 
to have gas-related symptoms or gastroparesis 
[11, 27].

Patients with preoperative aerophagia, those 
with narcotic dependence or long-standing diabe-
tes, and patients who undergo a Nissen fundopli-
cation as compared to a Toupet may be at higher 
risk for postoperative gas bloating. In a small study 
of 56 patients with reflux and aerophagia, those 
undergoing a Nissen fundoplication compared to 
Toupet were more likely to report bloating, post-
prandial fullness, and flatulence [24]. Furthermore, 
a meta-analysis of five studies also showed 
increased gas-related symptoms after Nissen fun-
doplication (31%) over Toupet (24%) [18].

 Workup and Treatment

Antiemetics are the first-line treatment for initial 
postoperative nausea and bloating during the first 
few months after operation. A cocktail of simeth-
icone, ondansetron, promethazine, and a pro- 
motility agent such as metoclopramide is often 
used. When symptoms are more severe or persist 
beyond the initial 3-month postoperative period, 
additional investigation is warranted [7, 14, 16]. 
Abrupt withdrawal of PPI therapy may also con-
tribute to postoperative nausea or other ill-defined 
symptoms. Initial workup may begin with a bar-
ium swallow and EGD to identify any evidence 
of gastritis, H. pylori infection, fundoplication 
disruption, herniation, or even too tight of a wrap. 
Residual food in the stomach on endoscopy after 
a 12-hour fast is suggestive of gastroparesis. In 
this case, and in cases where esophagram is nor-
mal, a gastric emptying study with a 4-hour solid-
phase evaluation should be performed to evaluate 
gastric retention. We have found no utility in liq-
uid phase alone or abbreviated gastric emptying 
studies.

When delayed gastric emptying is detected, 
pro-motility agents are the first line of treatment. 
Metoclopramide (Reglan) or erythromycin is our 
usual agent of choice. However, caution should 
be maintained for any neurologic or cardiac side 
effects depending on the specific agent. 
Optimization of diabetes management and cessa-
tion or minimization of narcotic use can also be 
helpful. If symptoms are not alleviated with these 
measures, we usually proceed with a pyloric bot-
ulinum toxin (Botox®) injection or pyloric bal-
loon dilatation to see if these interventions 
improve gastric emptying. If these measures are 
successful, patients can then elect for interval 
surveillance. When repeat Botox® injection or 
balloon dilatation is required within 3 months of 
an initial endoscopic intervention, it is reasonable 
to discuss the option of a repeat endoscopic inter-
vention or a laparoscopic pyloromyotomy or 
pyloroplasty. Placement of a gastric stimulation 
device is usually of little utility in this patient 
population. Conversion to a subtotal gastrectomy 
with Roux-en-Y gastrojejunostomy reconstruc-
tion is a final option, but outcomes, in this patient 
population, are often less than ideal.

When all studies are normal, other etiologies 
such as irritable bowel syndrome and small intes-
tinal bacterial overgrowth (SIBO) should be con-
sidered. Up to 15% of patients can also have 
postprandial diarrhea after fundoplication, and it 
is usually mild and low volume [11]. Evaluation 
of these etiologies include a hydrogen breath test 
for SIBO, a trial of antibiotics for SIBO, a trial of 
anti-motility drugs, or cholestyramine [11]. For 
patients with aerophagia, simethicone multiple 
times daily be beneficial, and patients may bene-
fit from a dietary evaluation or, in the least, 
should be counseled to eat more slowly with 
attention to specific food triggers.

 Reoperation for Fundoplication 
Failure and Resultant Symptoms

Some centers perform reoperative anti-reflux sur-
gery through a laparotomy or thoracotomy. When 
undertaken by an experienced foregut team, the 
laparoscopic approach should be successful in 
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over 97% of cases, especially if the initial opera-
tion was done laparoscopically. Consequently, it 
is generally advised that revision surgery should 
be performed at a high-volume foregut unit in 
order to optimize outcomes.

In our center, we utilize the standard five- trocar 
upper abdominal configuration. Adhesiolysis using 
the ultrasonic shears to lyse the dense gastrohepatic 
scarring between the left lateral section of the liver 
and the lesser curvature of the stomach is almost 
always needed before placing the liver retractor. 
The successful retraction of the liver above the 
operative field is the first critical maneuver of the 
operation. This gives a broad view of the anatomy 
and allows us to determine our initial approach for 
revision. The goals of the initial dissection are to 
completely identify and isolate the diaphragmatic 
hiatus and to safely identify the esophagus. Often, 
starting the initial approach from the patient’s left 
side with the intent to identify the column of the 
left crus is easier. Adhesions from the previously 
divided short gastric are easily cleared, and this 
allows for reduction of any recurrent hernia and the 
greater curvature of the stomach. Following this, a 
retro-gastric dissection inferior to the decussation 
of the right and left crura can be performed to pre-
pare for the lesser curvature dissection. Next, we 
begin our lesser curvature dissection by identifying 
the most inferior portion of the caudate lobe of the 
liver. From this point, we use the harmonic scalpel 
to free up the dense gastrohepatic ligament scar tis-
sue as we move superiorly toward the column of 
the right crus. This can be a challenging dissection, 
made more difficult by the usual welding of scar 
tissue of the prior wrap to the shoulder of the right 
crus. Dissection in this area – usually between the 
9 and 12 o’clock position on the crura – may result 
in removal of some portions of Glisson’s capsule. 
Troublesome bleeding, as a consequence, may be 
treated with local application of topical agents such 
as Surgicel® (Ethicon, Ohio). Invariably, following 
the inferior margin of the caudate lobe will lead to 
the column of the right crus. This area is usually 
involved in the densest adhesions between the wrap 
and the hiatus, and tedious dissection from in infe-
rior and superior may be needed to complete a 
360-degree dissection around the hiatus; a Penrose 
drain is then placed in the abdomen, and the distal 

esophagus is encircled with it. Gentle tension on 
the Penrose drain facilitates reduction of the stom-
ach and distal esophagus into the abdomen so as to 
facilitate a circumferential mediastinal dissection. 
In reoperative surgery, a pleural rent (particularly 
on the left) is not uncommon and can lead to a cap-
nothorax. Good communication between the surgi-
cal and anesthesia teams can identify any 
pulmonary or hemodynamic consequences of this. 
Usually, pausing the operation and releasing pneu-
moinsufflation, or passing a red rubber catheter 
into the rent will help equalize the pressure in the 
chest and abdomen and allow for the case to prog-
ress. Unusually, a thoracostomy tube may have to 
be placed in instances where pulmonary or hemo-
dynamic instability is profound and not responsive 
to less-invasive means.

Once the fundoplication and distal esophagus 
are mobilized from the chest, the fundoplication 
is taken down with sharp dissection along the 
track of the prior anterior sutures. Adhesions 
formed between the fundoplication and upper 
stomach are divided to recreate normal anatomy. 
Identification of the anterior and posterior vagus 
nerves during this dissection is important to mini-
mize the chance of injury. At times, an old hernia 
sac or gastroesophageal fat pad remnant is seen 
and resected. Next, with the esophagus and stom-
ach in their normal position off tension, intra- 
abdominal esophageal length is assessed. If 3 
centimeters of intra-abdominal esophagus is not 
present, a Collis gastroplasty should be per-
formed. Any hiatal defect is then closed over a 
bougie with interrupted permanent sutures (we 
prefer 0-Ticron with felt pledgets) with or with-
out mesh reinforcement. Recreation of a fundo-
plication will be determined by the patient’s 
underlying esophageal motility and symptoms.

While the success rates of first operations are 
between 90 and 95%, each successive operation 
is associated with deteriorating results [16]. 
Generally, second and third operations are suc-
cessful between 80–90% and 50–66% of the 
time, respectively. Considering that fourth opera-
tions are rarely successful, some experts would 
recommend creation of a subtotal gastrectomy 
with Roux-en-Y gastrojejunostomy or esopha-
geal resection.
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From Heartburn to Lung Fibrosis 
and Beyond

Benjamin E. Haithcock

 Introduction

End-stage lung disease (ESLD) represents a spec-
trum of pulmonary processes culminating in pul-
monary failure. These entities may include 
idiopathic pulmonary fibrosis (IPF), cystic fibrosis 
(CF), and connective tissue diseases such as 
scleroderma. A precipitating factor contributing to 
the severity of these diseases includes gastro-
esophageal reflux disease (GERD). The definition 
of GERD incorporates a wide breadth of patho-
physiologic consequences and is not solely limited 
to increased acid exposure in the esophagus. Even 
though increased aspiration of gastric acid has 
been described as one of the etiologies responsible 
for some aspects of ESLD, other factors leading to 
the aspiration of gastrointestinal contents play a 
role in some of the findings associated with 
ESLD. These pathways include upper esophageal 
sphincter disorders and esophageal dysmotility of 
various categories, including connective tissue dis-
orders, impaired lower esophageal sphincter func-
tion, pepsin reflux, biliary reflux, abnormal gastric 
emptying, and duodenal reflux. The correlation 
with GERD may need to incorporate several of 
these pathways resulting in aspiration and lung 
damage. These pathways leading to lung damage 
may also occur in patients undergoing lung trans-

plant resulting in different degrees of chronic lung 
allograft dysfunction (CLAD), specifically the 
phenotype resulting in bronchiolitis obliterans 
syndrome [1]. The initial etiology of either ESLD 
or chronic lung allograft dysfunction progression 
is not as clear. Lo et al. proved that increase total 
reflux, not just acid reflux, may be associated with 
poorer early posttransplant outcomes [2].

There have been several case reports that sug-
gest that early management of patients with evi-
dence of GERD may benefit from medical or 
surgical management of their reflux. Most studies 
have been clear that early surgical management 
of gastroesophageal reflux symptoms stabilizes 
the progression of decreasing FVC in patients 
with ESLD. In addition, there have been studies 
that suggest an improvement of FVC following 
minimally invasive antireflux surgery and an 
improvement in the pulmonary destruction in 
some patients with ESLD.

 GERD and IPF

A number of studies have demonstrated the role 
of GERD relationship in patients with IPF. Tobin 
et al. describe 17 patients with biopsy-proven IPF 
that demonstrated increased esophageal acid 
exposure as measured through dual-sensor, 
ambulatory esophageal pH monitoring. This acid 
exposure was significantly greater than eight 
control patients with ILD other than IPF. Four of 
the 17 patients studied had typical symptoms of 
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reflux. The authors concluded that patients with 
IPF have a high prevalence of increased esopha-
geal acid exposure. Gastroesophageal reflux in 
these patients typically occurs at night and 
extends into the proximal esophagus. They also 
surmised that acid reflux may be a contributing 
factor in the pathophysiology of IPF [3]. The 
same group evaluated 65 patients with IPF that 
underwent both 24-hour pH monitoring and 
esophageal manometry. They showed that 87% 
of IPF patients had abnormal acid exposure. 
Seventy-six percent of this study group had 
abnormal distal acid exposure, and 63% had 
proximal abnormal esophageal acid exposure. 
Despite the high percentage of acid exposure 
measured by pH monitoring, only 47% experi-
enced classic GERD symptoms. Esophageal 
manometry in these patients with IPF showed 
normal peristaltic activity [4]. This study did not 
show a clear relationship of abnormal esophageal 
peristalsis and IPF. Other studies have been less 
clear about the role of abnormal peristalsis in 
patients with IPF.  Sweet et  al. evaluated 109 
patients awaiting lung transplant. Fifty-five per-
cent of these patients had hypotensive lower 
esophageal sphincter, and 47% demonstrated 
impaired esophageal peristalsis. Only 25% of 
these patients had a diagnosis of IPF [5].

 GERD and Connective Tissue 
Disorders

Despite these equivocal studies, there remains a 
concern among clinicians about the contribution 
of abnormal esophageal peristalsis to ESLD. This 
is very apparent in patients with connective tissue 
disorders such as scleroderma. In these patients, 
the smooth muscle of the esophagus atrophies 
resulting in weak muscular contraction and 
replacement of the esophageal muscle wall with 
fibrosis. This fibrosis occurs in the mid and distal 
portion of the esophagus while preserving the 
striated muscle of the upper esophagus [6]. 
Diagnosis of esophageal dysfunction in these 
patients is based on esophageal manometry 
depicting the low-amplitude peristaltic waves in 
the lower two-third of the esophagus. This even-

tually may lead to aperistalsis with reduced lower 
esophageal sphincter pressure [7]. The reflux and 
often silent aspiration may contribute to the lung 
disease seen in these patients. Because of the pul-
monary effects related to patients with connec-
tive tissue disorders, this may become a relative 
contraindication for lung transplantation in some 
centers.

 GERD in Cystic Fibrosis

In patients with cystic fibrosis (CF), it has been 
suggested that the progression of bronchiectasis 
is related to the degree of their reflux. To evaluate 
the presence of duodenogastric reflux in patients 
with CF, Hallberg et al. studied 10 patients with 
CF and compared them to 7 health volunteers; all 
patients had normal migrating motor complexes. 
All participants underwent gastroduodenal 
manometry and intragastric perfusion for evalua-
tion of bilirubin and bile acids. Eight CF patients 
had higher gastric bilirubin levels and five CF 
patients had bile acid regurgitation. These find-
ings demonstrated that CF patients had an 
increased incidence of duodenogastric reflux 
when compared to healthy patients [8]. To deter-
mine if the presence of bile acids in sputum of CF 
patients correlated with their severity of disease, 
Pauwels et  al. obtained sputum from 41 CF 
patients. The sputum was tested for bile acids and 
neutrophil elastase. Spirometry and BMI were 
also assessed at the time of sputum collection. 
This demonstrated that more than half of the 
patients with CF had bile acids present in their 
sputum, suggesting aspiration of duodenogastric 
contents. This aspiration was associated with 
increased airway inflammation, the degree of 
lung function impairment, as well as the need for 
antibiotics [9].

 GERD After Lung Transplant

Several studies have demonstrated the associa-
tion of chronic lung allograft dysfunction with 
gastroesophageal reflux and increased acid expo-
sure to the allograft. This may be due to changes 
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in the anatomy of chest in patients after lung 
transplant. The etiology may also be related to 
undiagnosed GERD in patients with ESLD prior 
to their transplant. In addition, nonacidic reflux 
has been suggested as another nonimmunologic 
mechanism for chronic lung allograft dysfunc-
tion, as seen in patients with cystic fibrosis. One 
study of a subset of patients undergoing trans-
plantation estimated the incidence of pretrans-
plant GERD at 35% and the incidence of 
posttransplant GERD to be 65% [10].

The course of the esophagus through the tho-
racic cavity is important in its relationship to 
post-lung transplant CLAD. As the esophagus 
courses through the thoracic inlet, it deviates to 
the left and then approaches midline in the mid 
chest cavity around the level of the carina of the 
trachea. The esophagus remains along the tho-
racic vertebra bodies and then deviates to the left 
as it passes through the esophageal hiatus of the 
diaphragm.

During the course of lung transplant, the 
esophagus, vagus nerve, or esophageal collater-
als may be injured anywhere along the path of the 
intrathoracic esophagus. This may occur at the 
thoracic inlet as the esophagus is entering the 
chest. In patients who have had previous pneu-
mothoraces, there may be dense adhesions in the 
area leading to a challenging dissection. This can 
result in potential injury to the recurrent laryn-
geal nerves or proximal vagal nerves resulting in 
upper esophageal sphincter dysfunction or vocal 
cord paralysis. In patients with infectious compo-
nents related to their ESLD, such as in patients 
with CF, there are typically large lymph nodes 
and bronchial arterial collaterals, especially 
around the mid portion of the esophagus as it 
passes near the carina. Dissection in this area 
may lead to further injury of the vagus nerve or 
collaterals. There may be incidental ligation of 
the nerve or arterial collaterals of the esophagus 
as hemostasis from lung transplant is occurring. 
If the patient is undergoing a repeat lung trans-
plant, there may be injury anywhere along the 
esophagus because of dense adhesions. Injury to 
the vagus nerve and its branches may result in 
either esophageal or gastric dysfunction. This can 
lead to either esophageal or gastric dysmotility 

and resultant reflux [11]. This has been further 
characterized by Reid et al., who presented their 
initial findings of complications in 11 heart lung 
transplants. The authors identified five recipients 
who developed chronic aspiration. This was evi-
dent by these recipients having a chronic cough 
and either delayed gastric emptying or esopha-
geal dysmotility. Imaging studies supporting this 
were either a nuclear study or a barium meal. 
Three of these patients had esophageal manome-
try performed demonstrating decreased primary 
peristalsis or diminished amplitude of the pri-
mary peristaltic wave. At the time of evaluation, 
these five patients had evidence of bronchiecta-
sis. Three of these patients were identified to 
have obliterative bronchiolitis. Most of the five 
patients who improved after medical therapy 
were instituted to inhibit reflux. The authors 
believed the etiology of this cohort of patients 
was due to injury of the vagus nerve during the 
course of the heart–lung transplant [12]. This ini-
tial report has been confirmed by other studies 
suggesting that post-thoracic transplant patients 
experience esophageal or gastric dysmotility due 
to a possible injury to the vagus nerves or its 
branches during the conduct of the transplant [13, 
14]. Another etiology of CLAD after lung trans-
plant may be related to bile salts. Bile acid aspira-
tion has been associated with biomarkers of 
injury following lung transplantation. This sug-
gests a possible etiology for lung allograft injury 
suggesting a possible pathway due to nonacid 
reflux [15].

Taken together, a combination of one or sev-
eral of these issues contribute to the further pro-
gression of the lung destruction in patients with 
ESLD. During the workup and evaluation of 
these patients, these physiologic issues must be 
taken into account in the studies performed.

Because of the above concerns, these patients 
should be considered for anti-reflux surgery. The 
evaluation should include evaluation of acid 
exposure in these patients. Esophageal manom-
etry is also important in determining the degree 
of esophageal dysmotility present in this patient 
population. Gastric motility studies should be 
included in these patients to assist in optimum 
management. Imaging studies of the chest 
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 including CT scans will assist in evaluating ana-
tomic issues contributing to these patients’ 
GERD.

The data is sparse regarding optimum timing 
of intervention in these patients. In addition, 
there is limited data regarding the effectiveness 
of medical and surgical therapy for management 
of these patients reflux disease.

 ARS Before Lung Transplant

There is a growing trend that GERD plays a role 
in either the etiology and/or progression of idio-
pathic pulmonary fibrosis. The 5-year survival in 
these patients ranges from 5 to 15%. There have 
been several case series that have found an asso-
ciation between early surgical management of 
GERD and a decrease in the clinical pulmonary 
manifestations of IPF.  A phase 2 randomized 
controlled trial was performed that compared sur-
gical management of gastroesophageal reflux 
disease with laparoscopic anti-reflux surgery ver-
sus best medical management of GERD in 
patients with idiopathic pulmonary fibrosis. This 
was a 1:1 randomization process, randomizing 58 
patients. The primary end-point was changes in 
FVC and reduction of clinical symptoms related 
to the patients IPF, including acute exacerbation, 
respiratory related hospitalization, and death. 
The study did demonstrate feasibility of mini-
mally invasive anti-reflux surgery performed in 
these patients, but it did not reach its primary 
endpoints. Despite having a decrease in FVC, 
respiratory-related hospitalization, and death, 
this was not statically significant [16].

Still the question remains as to when is the 
best timing of anti-reflux surgery for patients in 
the perioperative period surrounding lung trans-
plantation. To avoid the issues surrounding 
CLAD, Linden et al. evaluated the risk and physi-
ologic effects of laparoscopic fundoplication in 
patients on the lung transplant list. Of the 149 
patients that were on the lung transplant list at the 
time of their study, 19 were found to have reflux 
as identified by symptoms, pH studies, and 
esophageal manometry. What was identified was 
that the patients that underwent fundoplication 

had no decrease in lung function, stability of their 
exercise capacity, and stability of their oxygen 
requirements. The control patients had a statisti-
cally significant deterioration in oxygen require-
ment [17].

Evaluation of these patients for anti-reflux 
surgery should occur during the initial evaluation 
for lung transplantation, if not prior. The evalua-
tion should include standard preoperative assess-
ment, including symptom questionnaire, barium 
swallow, pH probe, and esophageal manometry. 
This will provide the clinician with determina-
tion of severity of symptoms and lifestyle limita-
tions. The barium swallow will assist in assessing 
esophageal and gastric-emptying anatomic eval-
uation of the patient’s upper GI tract. A pH probe 
will assist in determining the severity of reflux, 
and manometry studies will assist in the evalua-
tion esophageal function. Test results can help 
determine feasibility of transplant in the future 
and preoperating planning for anti-reflux proce-
dure. To minimize morbidity and mortality in this 
patient population, minimally invasive 
approaches to the anti-reflux procedure should be 
performed.

 ARS After Lung Transplantation

The medical management for patients who 
develop CLAD after lung transplant is challeng-
ing. The use of azithromycin has been suggested 
as a treatment modality for CLAD because of 
medication’s anti-inflammatory action and pro- 
motility qualities. Studies have demonstrated that 
azithromycin does decrease the bile concentra-
tion in BAL aspirates and decreases the number 
of reflux events in CLAD patients; the study did 
not find any evidence to support the role of the 
drug at decreasing the progression of CLAD 
induced by aspiration [18, 19].

Several studies have demonstrated that the 
effectiveness of early anti-reflux surgery decreases 
the frequency of nonimmune CLAD [20].

Currently, the most successful management of 
GERD in patients following lung transplant is an 
anti-reflux operation. Davis et al. evaluated 128 
post-lung transplant patients using ambulatory 
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24-hour esophageal pH probe. Surgical fundopli-
cation was performed in 43 of these patients of 
which 26 had BOS.  After fundoplication, 3 
patients had improvement in the BOS scores, 
while 13 patients had reversal of their BOS such 
that they no longer met criteria. There was also a 
24% improvement in lung function after fundo-
plication. This study clearly demonstrated anti- 
reflux surgery in patients after lung transplant 
improves lung function and can improve criteria 
related to BOS [21].
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Endoscopic Treatments 
for Barrett’s Esophagus

Uma M. Sachdeva, Hans Gerdes, 
and Daniela Molena

 Introduction

Barrett’s esophagus is defined as intestinal 
metaplasia of the epithelial lining of the esopha-
gus and develops as a result of damage due to 
chronic acid and bile irritation. The squamous 
cells lining the esophagus transforms into intes-
tinalized epithelium, which is associated with 
increased cell proliferation and serves as a pre-
cursor lesion to esophageal adenocarcinoma. 
Barrett’s esophagus is present in 2–7% of the 
population and is the only identifiable precursor 
lesion for esophageal adenocarcinoma. The pro-
gression from Barrett’s esophagus to esophageal 
adenocarcinoma is stepwise and based on the 
degree of dysplasia, ranging from no dysplasia 
to low-grade dysplasia, high-grade dysplasia/
carcinoma in situ, and invasive adenocarcinoma. 
Early identification of Barrett’s metaplasia as a 
precursor lesion to esophageal adenocarcinoma 
is important due to the poor survival of patients 
who progress to develop invasive adenocarci-
noma, which has a 5-year survival of less than 
20%. The rate of progression from non-dysplas-
tic Barrett’s esophagus or Barrett’s with low-

grade dysplasia to adenocarcinoma is less than 
1% per year; however, the rate of progression 
from low-grade dysplasia to high-grade dyspla-
sia is more unclear. This has been reported to be 
as high as 10–35%; however, other studies report 
no observed link between low-grade dysplasia 
and progression to high- grade dysplasia [1, 2]. 
For this reason, surveillance protocols and endo-
scopic interventions for non-dysplastic Barrett’s 
esophagus or low-grade dysplasia have been 
controversial. In contrast, the incidence of pro-
gression from high-grade dysplasia to adenocar-
cinoma has been reported to range from 6 to 7% 
per year to as high as 29% per year [3, 4]; there-
fore high-grade dysplasia requires endoscopic or 
surgical intervention and close surveillance. For 
this reason, Barrett’s esophagus must be con-
sidered in terms of histologic grade, with grade 
of dysplasia critically important in the decision 
of whether to pursue interventional endoscopic 
eradication therapies and in determining follow-
up surveillance protocols.

 Diagnosis of Barrett’s Esophagus

Critical to the determination of the grade of 
dysplasia in patients with Barrett’s esophagus 
is expertise in obtaining an accurate diagnosis, 
both visually and pathologically. Studies to 
identify the most accurate protocol for surveil-
lance endoscopy have shown that initial endo-
scopic inspection should be performed using 
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 high- definition, white light endoscopy by phy-
sicians who are well trained in the identifica-
tion of Barrett’s-associated changes. Standard 
surveillance includes inspection and biopsy of 
any visualized lesions, such as nodules, ulcers, 
or mucosal irregularities, as well as four-quad-
rant biopsies taken every 1 cm of the length of 
the Barrett’s segment [1–3]. The sensitivity of 
white light endoscopy for detection and diagno-
sis of Barrett’s esophagus is reported to range 
from 80 to 90% [5–7]. One study showed that 
inspection of each 1-cm segment for longer 
than 1 minute resulted in increased detection of 
suspicious lesions [8]. Several studies also indi-
cate that Barrett’s changes favor certain loca-
tions within the esophagus, with the majority of 
lesions found between 1 o’clock and 5 o’clock 
with the patient lying in the left lateral decubi-
tus position [9].

There are no established protocols for 
screening asymptomatic patients for Barrett’s 
esophagus with endoscopy. Risk factors for 
Barrett’s esophagus and esophageal adenocar-
cinoma include age >50 years, male sex, white 
race, chronic reflux symptoms, family history 
of Barrett’s esophagus, smoking, and obesity. 
Given that less than 1% of patients with non-
dysplastic Barrett’s changes progress to adeno-
carcinoma annually, yearly surveillance is not 
recommended for histology less than low-grade 
dysplasia [10]. In fact, the American Society 
for Gastrointestinal Endoscopy (ASGE) recom-
mends consideration of no surveillance for this 
cohort [1]. However, if surveillance endoscopy 
is undertaken, it is recommended to perform 
white light endoscopy every 3–5  years with 
four-quadrant biopsies every 2 cm. Because the 
determination of grade of dysplasia is often dif-
ficult, all samples should be reviewed by one 
or two expert GI pathologists. In cases where 
the degree of dysplasia is indeterminate even 
after expert evaluation, the ASGE recommends 
increasing antisecretory therapy to eliminate 
esophageal inflammation and repeating endos-
copy with biopsy to re-evaluate for presence and 
degree of dysplasia. Low-grade dysplasia on 
surveillance endoscopy warrants repeat EGD in 

6 months to confirm the diagnosis, followed by 
surveillance EGD annually with four- quadrant 
biopsies taken every 1–2 cm. Low-grade dyspla-
sia may alternatively be treated with endoscopic 
eradication therapy, though no specific recom-
mendations regarding ablative therapy versus 
surveillance are given in the current guidelines. 
Confirmed high-grade dysplasia should be con-
sidered for endoscopic ablative or eradication 
therapies, which have been shown to result in 
improved outcomes relative to the traditional 
surveillance regimen, which included endo-
scopic evaluation every 3  months with four-
quadrant biopsies taken every 1 cm. All samples 
biopsied should be placed into separate con-
tainers indicating the location of each resected 
lesion or biopsied segment in order to facilitate 
subsequent endoscopic treatment or repeat sam-
pling, if needed.

Barrett’s changes appear as salmon or pink 
patches on the mucosa, in contrast to the whitish- 
gray appearance of the native squamous mucosa 
that lines the normal esophagus (Fig.  22.1). 
These changes often lie adjacent to the native 
squamocolumnar junction at the Z line, just prox-
imal to the EG junction. While visual inspection 
may suggest Barrett’s changes, the diagnosis is 
histopathologic. Given that the grade is a critical 
indicator of the risk for progression to adenocar-
cinoma, accurate histologic diagnosis is essential 
and should be performed by GI pathologists who 
are expert in identifying all stages of Barrett’s-
associated changes.

In addition to white light endoscopy, the use 
of narrow-band imaging has been investigated 
for enhanced detection of mucosal abnormali-
ties that might indicate Barrett’s-associated 
dysplasia (Fig.  22.2). Narrow-band imag-
ing filters white light to wavelengths specific 
for hemoglobin absorption, thus highlighting 
mucosal vasculature, and in this way has been 
shown in increase the detection of dysplasia 
[11–13].

Complicating an already complex range of 
diseases, histologic progression from no dyspla-
sia to low-grade dysplasia to high-grade dyspla-
sia to invasive esophageal adenocarcinoma is not 
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necessarily stepwise and linear, with one study 
showing that half of patients who developed 
high-grade dysplasia or esophageal adenocarci-
noma had only non-dysplastic Barrett’s metapla-
sia seen on previous biopsies [14]. This finding 
underlies the importance of adequate endoscopic 
inspection, surveillance protocols, and accurate 
histologic assessment by expert pathologists 
(Fig. 22.3), as patients who have adenocarcinoma 
detected through surveillance EGD demon-
strate consistently improved survival relative to 
patients whose cancer was not detected through 
surveillance protocols [15–17].

 Endoscopic Interventions

Endoscopic interventions include both excisional 
techniques, such as endoscopic mucosal resec-
tion and endoscopic submucosal dissection, and 
ablative techniques, including radiofrequency 
ablation and cryoablation. The primary indica-
tions for ablative therapies are for treatment of 
flat Barrett’s dysplasia or for treatment of areas 
of residual disease following endoscopic resec-
tion of visible dysplastic lesions. The indications 
for each endoscopic technique will be reviewed, 
with the standard approach favoring resection of 

a b

Fig. 22.1 (a) Gross appearance of esophageal specimen 
with Barrett’s metaplasia (salmon-colored patches) with 
adjacent native squamous epithelium (white). (b) 

Endoscopic appearance of Barrett’s changes (pink 
patches) extending proximally from the EG junction

a b

Fig. 22.2 Narrow-band imaging showing Barrett’s metaplasia (a) and Barrett’s esophagus with high-grade dyspla-
sia (b)
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any visually identified lesions, such as nodularity 
or ulcerations, and ablation of the remainder of 
the identified dysplastic Barrett’s segment.

 Photodynamic Therapy (PDT)

The first endoscopic ablative therapy to gain 
widespread acceptance was photodynamic 
therapy. This was investigated in a random-
ized control trial where patients with high-
grade dysplasia were randomized to receive 
either porfimer sodium PDT with omeprazole 
or omeprazole alone [18]. At 5  years, 77% of 
patients treated with PDT achieved eradica-
tion of high-grade dysplasia, while only 39% of 
patients receiving omeprazole alone had regres-
sion of disease. Fifteen per cent of patients who 
received PDT progressed to esophageal adeno-
carcinoma, while 29% of patients treated with 
only omeprazole progressed to development of 
cancer. Retrospective analysis of patients with 
high- grade dysplasia who underwent PDT or 
esophagectomy found similar rates of overall 
and cancer-free survival at 5 years [19]. Despite 
its early success, PDT has become less popu-
lar in the current era due to the cost of porfimer 
sodium, the prolonged posttreatment photosen-
sitivity, and the rate of esophageal strictures fol-
lowing treatment, which has been reported to be 
as high as 50%.

 Argon Plasma Coagulation (APC)

APC is another early endoscopic technique used 
for eradication of Barrett’s esophagus and involves 
coagulation of adjacent tissue by ionized argon gas 
injected at target areas from the tip of an endolumi-
nal probe. Advantages of APC include the relatively 
low cost of argon gas and the no-contact technique, 
which might result in greater safety of the proce-
dure. It has been successfully used for treatment 
of Barrett’s esophagus even in the absence of dys-
plasia and is delivered over the course of multiple 
sessions. In one series of 50 patients treated with 
APC and followed for 1 year, 34 patients had more 
than 90% eradication of Barrett’s lesions, while 
16 patients had persistent Barrett’s changes after a 
median of four treatments [20]. Fifteen of the 34 
patients who had macroscopically cleared their dis-
ease, however, had persistent buried glands under 
new squamous epithelium following treatment. At 
1-year follow-up, 6 of these patients had persistent 
buried glands, while 2 out of 19 patients without 
prior buried glands developed subsquamous glands 
within 1  year. Given the risk for  progression of 
these glands to high-grade dysplasia or adenocar-
cinoma, these patients require ongoing surveil-
lance endoscopies to evaluate for progression of 
disease beneath the regenerated squamous cell lin-
ing, which is harder to detect than surface disease. 
Adverse effects following APC included posttreat-
ment chest pain and transient dysphagia or odyno-

aa b

Fig. 22.3 (a) Histologic appearance of non-dysplastic 
Barrett epithelium showing mucinous glandular metapla-
sia with characteristic goblet cells. (b) Histologic appear-

ance of Barrett’s esophagus with high-grade dysplasia, 
including cellular crowding due to abnormal proliferation 
and increased nucleus/cytoplasm ratio
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phagia, but there were no posttreatment strictures 
seen at the time point of 1 year [20]. A separate 
study of 32 patients evaluated the long-term 
results of APC and demonstrated that two-thirds of 
patients who had complete eradication of Barrett’s 
changes following treatment maintained this result 
at long-term follow-up [21]. This study, however, 
did not demonstrate a protective effect of APC 
against development of adenocarcinoma in patients 
treated for non-dysplastic Barrett’s esophagus. 
This was attributed to the retrospective design of 
the study and inclusion of older APC devices and 
lower dosage of proton pump inhibitors; however, 
this result has supported the recommendation that 
patients with non-dysplastic Barrett’s esophagus 
should not be referred for endoscopic ablative ther-
apies in most cases. The incidence of buried glands 
reported for APC in this study was 19%, which is 
markedly better than the reported rate for PDT, 
which has been documented as up to 51% [21]. 
However, this is still significantly higher than the 
reported rate for radiofrequency ablation (0.9%), 
which has become the gold standard treatment for 
eradication of dysplastic Barrett’s lesions.

 Radiofrequency Ablation (RFA)

Radiofrequency ablation was developed for treat-
ment of Barrett’s esophagus-associated dysplasia 
and has become standard therapy for treatment 
of symptomatic non-dysplastic and low-grade 
dysplastic Barrett’s esophagus, as well as high-

grade dysplasia or carcinoma in situ. RFA gained 
popularity after it was tested against proton pump 
inhibitor therapy alone in a study called the AIM- 
Dysplasia trial [22]. In this study, patients with 
dysplastic Barrett’s changes were randomized to 
RFA with omeprazole or omeprazole only. 2.4% 
of patients treated with RFA with omeprazole 
progressed to cancer at 1 year, as compared with 
19% of patients who progressed in the omeprazole 
only arm. A stricture rate of 7.6% was observed 
following RFA treatment.

RFA is performed by initially assessing 
the extent of Barrett’s metaplasia using white 
light endoscopy, as well as any visually identi-
fied lesions such as nodules or ulcerations [23]. 
Visible lesions are dealt with using EMR or other 
resection strategies, but in the absence of any 
identified lesions, the complete Barrett’s segment 
is treated with RFA. The RFA probe inserts into 
the esophagus adjacent to the endoscope and is 
comprised of a copper electrode sheet mounted 
on the surface of a balloon (Barrx 360 Express 
RFA balloon catheter, Medtronic Inc). It is posi-
tioned roughly 1 cm cranial to the proximal-most 
extent of the identified Barrett’s segment. The bal-
loon is inflated, and good mucosal contact is con-
firmed, after which RF energy is deployed from 
the electrode across the surface of the balloon 
over approximately 1 second. The balloon auto-
matically deflates after discharge of energy, and 
a circumferential burn is visible (Fig. 22.4a). The 
balloon is then advanced distally, and the process 
is repeated, avoiding overlap in segments, until 

a b

Fig. 22.4 Appearance of esophageal mucosa following radiofrequency ablation using balloon applicator (a) and sub-
sequent debridement of necrotic tissue (b)
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the esophagogastric junction is reached. At this 
point, the catheter is removed, and the ablated 
segments are mechanically debrided using a 
transparent cap mounted on the tip of the endo-
scope (Fig. 22.4b), after which the full ablation 
is repeated for a second round. The total recom-
mended energy delivered is 10  J/cm2. Previous 
models of this catheter that are still commercially 
available may lack the automatic inflation of this 
device and therefore require pretreatment sizing 
of the esophageal diameter with an initial sizing 
balloon prior to deploying the RFA treatment bal-
loon. Alternatively, rectangular ablation catheters 
can be positioned at the end of the endoscope 
through a hinge attached to a rubber cap that is 
placed on the tip of the endoscope (Barrx 90 RFA 
focal catheter, Barrx Ultra Long RFA focal cath-
eter, Barrx 60 RFA focal catheter, Medtronic Inc) 
or can be placed through the working channel of 
the endoscope (Barrx Channel RFA endoscopic 
catheter, Medtronic Inc).

RFA treatment has been associated with post- 
procedure chest discomfort, as well as a stricture 
rate of 6–11.8% [3, 10, 22]. Recurrence rates fol-
lowing RFA have been reported to be 8–10% in 
randomized control trials but as high as 26–33% 
in retrospective studies [10]. For this reason, 
active surveillance following RFA treatment is 
necessary, in addition to posttreatment use of 
proton pump inhibitors. Recurrent or persistent 
lesions can be treated with further ablative ther-
apy or excisional techniques.

 Cryoablation

In contrast to heat-based ablative techniques such 
as PDT, APC, or RFA, cryotherapy utilizes a 
cold-based technique to induce cellular necrosis 
and sloughing through tissue disruption caused 
by repeated freeze–thaw cycles. Cryotherapy 
can be applied to the esophagus through a spray, 
with either liquid carbon dioxide or liquid nitro-
gen (CryoSpray, CSA Medical, Baltimore, MD), 
which is applied through a low-flow continuous 
delivery system using a noncontact method [24]. 

Flow of liquid nitrogen across the cryoprobe is 
4–6 L over 20 seconds, achieving a temperature 
of −196 °C. A separate decompression catheter 
is required to evacuate the gas due to the rapid 
expansion of liquid nitrogen. In contrast, the 
carbon dioxide spray catheter delivers 6–8 L of 
gas per minute, resulting in temperatures rang-
ing from −70 to −78  °C.  Either gas is applied 
in two 20-second application cycles or four 
10- second  cycles to induce a freeze-thaw cycle 
in the adjacent tissue. Recently, a delivery bal-
loon that can be deployed through the working 
channel of the endoscope has been developed 
to allow focal ablation of an area roughly 2 cm2 
through release of nitrous oxide at −85 °C. The 
advantage of the cryoballoon is immediate vent-
ing of gas back through the balloon into the 
catheter. Cryotherapy has been shown to eradi-
cate 81% of high-grade dysplasia and 91% of 
low-grade dysplasia in initial prospective stud-
ies [25]. Cryotherapy has been suggested as 
follow-up therapy for treatment-resistant disease 
following RFA, as its mechanism of crystal-
lization followed by subsequent necrosis may 
allow for deeper penetration into tissues. In 
one study, 16 patients who had persistent dys-
plasia after three RFA treatments, progression 
of dysplasia while receiving RFA treatment, or 
treatment failure as reported by the endoscopist 
were treated with cryospray therapy using liq-
uid nitrogen [26]. Seventy five percent of these 
patients achieved complete eradication of dyspla-
sia, while 31% achieved complete eradication of 
intestinal metaplasia. However, a recent prospec-
tive single- center analysis using carbon dioxide 
cryopsray following endoscopic resection of any 
visible lesions was less promising, with com-
plete  eradication of intestinal metaplasia in only 
11% of patients [27]. This failure of therapy in 
the majority of patients included in this study has 
been attributed to the use of carbon dioxide rather 
than liquid nitrogen, though the results were con-
cerning enough to terminate the trial prematurely. 
Nevertheless, a follow-up retrospective study of 
64 patients who underwent cryotherapy with a 
carbon dioxide cryospray, including 28 patients 
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who had undergone prior PDT or RFA and 16 
patients who had undergone prior EMR, showed 
complete eradication of Barrett’s metaplasia 
in 67% of patients [28]. Studies are currently 
underway to evaluate the cryoballoon focal abla-
tion system, which has already passed safety and 
feasibility studies, with 100% of patients show-
ing complete eradication of the treated Barrett’s 
areas in targeted trials [29, 30].

Complications of cryotherapy include chest 
pain and discomfort, which have been reported 
in 17.6% of patients [31]. Pain scores, however, 
seem to be less than those reported for RFA, 
though no direct comparative studies of the two 
modalities exist at present [24]. Stricture rate 
is reported to range from 3 to 9%, and perfora-
tion is a rare but reported event, which may be 
more of a concern in theory given the distention 
of the GI tract from gas released with use of the 
cryosprays. A durable response to cryosprays has 
been observed at 5 years, with retrospective stud-
ies reporting complete eradication of dysplasia in 
88% of patients at 5  years and complete eradi-
cation of intestinal metaplasia in 75% of treated 
patients at 5 years [32].

The risk of buried metaplasia or subsqua-
mous Barrett’s changes has been reported 
to be higher for cryotherapies relative to 
RFA.  Ablative therapies are effective by caus-
ing necrosis and sloughing of the surface cells 
of the esophagus and subsequent replacement of 
these cells with normal native squamous cells 
lining the esophagus. However, if not all dys-
plastic cells are eradicated by ablative therapies, 
new squamous epithelium can be grown on top 
of residual dysplastic cells and allow sub-squa-
mous high-grade dysplasia or adenocarcinoma 
to develop. Because these abnormal cells lie 
beneath normal-appearing squamous epithe-
lium, they can evade visual surveillance as well 
as superficial biopsies and may not be detected 
until a later stage. While this can occur with any 
ablative therapy, the reported rate of sub-squa-
mous metaplasia following RFA is 0.9% [33], 
while the reported rate following cryotherapy is 
as high as 9.1% [27, 30, 34–36].

 Endoscopic Mucosal Resection (EMR) 
and Endoscopic Submucosal 
Dissection (ESD)

Endoscopic mucosal resection can be used to 
resect visible lesions, nodules, or ulcerations of 
the esophagus, short-segment Barrett’s esopha-
gus with dysplasia, superficial adenocarcinoma 
(T1a), and esophageal squamous cell carcinoma. 
The EMR procedure may involve either the cap- 
assisted mucosectomy or the ligation-and-snare/
multiband ligation technique. During cap- assisted 
mucosectomy, saline is injected into the submu-
cosal space under the target lesion to elevate the 
mucosa. A snare is then used to surround the area 
and strangulate the base, and the lesion is then 
suctioned into a specialized cap on the tip of the 
endoscope. During multiband ligation, the target 
area is suctioned into a cap at the tip of the endo-
scope, and a rubber band is deployed around the 
base of the target tissue (Fig. 22.5). This tissue is 
then resected using a snare positioned below the 
base of the rubber band. EMR is highly effective 
at removing Barrett’s lesions; however, it cannot 
be used on lesions spanning over 50% of the cir-
cumference of the esophagus to avoid debilitating 
stricture formation. Additionally, the EMR tech-
nique can resect small lesions in their entirety, but 

Fig. 22.5 Endoscopic mucosal resection using multi-
band ligation technique. The band is placed at the base of 
the target lesion, after which it is excised using a snare. It 
is important to place the snare below the band to ensure 
adequate free margin from the submucosa
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larger lesions often require piecemeal resection, 
which can result in tissue distortion that affects 
histopathologic evaluation and can leave posi-
tive margins that require repeat resection or even 
follow-up esophagectomy for complete removal 
of malignant tissue. The advantage of EMR over 
ablative therapies is that histopathologic samples 
are sent to pathology and tissue can be evalu-
ated for depth of invasion, while ablative therapy 
destroys the surface tissue to allow for reepitheli-
alization with squamous epithelium but does not 
provide tissue samples for pathologic diagnosis. 
Following EMR, patients should remain on pro-
ton pump inhibitors to promote healing of ulcer-
ations following the resection, as well as undergo 
repeat endoscopy 8  weeks after the procedure. 
EMR has been reported to effectively eradicate 
superficial neoplastic tissue in 91–98% of cases 
and eradicate the dysplastic Barrett’s segment in 
80% of cases [37, 38]. It has therefore become 
the first-line treatment for superficial esophageal 
adenocarcinoma (T1a), followed by surveillance 
endoscopy to evaluate for recurrence or residual 
disease [39]. Some groups advocate for concur-
rent RFA ablation of the complete Barrett’s seg-
ment at the time of EMR of visible lesions [40], 
though these techniques are more commonly per-
formed in a sequential fashion, with initial resec-
tion of visible dysplastic or neoplastic lesions 
followed by ablation of the residual Barrett’s seg-
ment. Reported complications following EMR 
include bleeding in 10% of cases [37, 41, 42], 
perforation in 3–7% of cases [43–45], and stric-
ture formation in 17–37% of cases [46], though 
this is directly related to the length and circum-
ference of the resected mucosal region. Strictures 
following EMR are managed with endoscopic 
dilatation.

Endoscopic submucosal dissection (ESD) is a 
related technique that can be used for resection 
of larger specimens, allowing for en bloc rather 
than piecemeal resection of larger lesions and 
more accurate histologic staging due to less tis-
sue distortion. While ESD has gained popularity 
in Asia, its use is still less common than EMR 
in Western countries, and relative to EMR, ESD 
is more technically complex and requires lon-
ger procedure times. The technique involves the 

placement of marks several millimeters outside 
of the target area for resection, followed by the 
injection of glycerin or hyaluronic acid solution 
into the submucosa of that area. The mucosa out-
side of the marked territory is then resected en 
bloc through meticulous submucosal dissection. 
The reported rate for en bloc resection of esopha-
gogastric junction superficial adenocarcinoma 
is 100%, with an 80% rate of curative resection 
[1]. Relative to EMR, ESD has been reported to 
have a lower local recurrence rate, with one study 
reporting 3.13% recurrence following ESD for 
esophageal squamous cell carcinoma, as com-
pared with 23.91% recurrence following EMR 
[47]. Adverse events are similar to those associ-
ated with EMR, including bleeding, perforation, 
and stricture formation [47–49].

 Endoscopic Ultrasound

Endoscopic ultrasound is used to determine the 
depth of invasion of esophageal mucosal lesions 
and is essential for adequate local staging of 
esophageal malignancies (Fig. 22.6). Accurate T 
staging of esophageal neoplasms is essential, as 
superficial mucosal lesions (T1a) are candidates 
for EMR or ESD, while lesions invading into the 
submucosa (T1b) should be referred for esopha-
gectomy due to their higher rate of nodal spread, 
which is reported to range from 16 to 22%. While 
EUS has been shown to be highly effective at 
diagnosing invasion into the muscularis propria 

Fig. 22.6 Endoscopic ultrasound image of a T1a adeno-
carcinoma, with the lesion confined to the mucosal layer
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(T2) and beyond, its ability to accurately dis-
tinguish between high-grade dysplasia, T1a and 
T1b disease, is limited. This is due to the similar 
sonographic appearance of mucosal thickening in 
the setting of Barrett’s-associated inflammation, 
superficial mucosal lesions, and lesions invad-
ing into the submucosa. Investigations into high- 
frequency probes for improved diagnosis are 
ongoing; however, even with high-resolution 
ultrasonography, the sensitivity of EUS in diag-
nosing T1b lesions is reported to be only 48% 
[50]. For this reason, EUS currently has lim-
ited utility in Barrett’s-related disease and very 
early- stage esophageal neoplasms, but it is highly 
effective for identifying and characterizing more 
advanced lesions with local invasion and for 
identifying associated nodal disease.

 Conclusions

Endoscopic interventions for Barrett’s esophagus 
are highly effective techniques for eradication of 
Barrett’s-associated dysplastic regions and super-
ficial adenocarcinoma confined to the esophageal 
mucosa. Treatments include both ablative thera-
pies and excisional techniques, which are most 
commonly applied in an independent or sequen-
tial fashion, though concurrent application is cur-
rently being investigated. Most ablative therapies, 
such as RFA or cryotherapy, are applied to dys-
plastic regions in the setting of Barrett’s-related 
changes to prevent progression to high-grade 
dysplasia or the development of adenocarcinoma. 
Ablation of non-dysplastic Barrett’s changes has 
not been shown to decrease the incidence of sub-
sequent esophageal cancer; however, it may be 
considered in the setting of symptomatic dis-
ease. EMR and ESD are resection techniques 
applied to early mucosal neoplasms or to any 
visible lesions, nodules, or ulcerations seen on 
surveillance endoscopy and allow for complete 
resection of abnormal tissue and histopathologic 
evaluation for depth of invasion and margin of 
resection. Following either ablative or excisional 
techniques, it is essential that patients remain 
on an acid suppressive regimen using proton 
pump inhibitors and undergo follow-up endosco-

pies for surveillance to evaluate for residual or 
recurrent disease. Complications of endoscopic 
treatments include chest pain, bleeding, perfora-
tion, and stricture formation, the most common 
of which are pain and stricturing. Posttreatment 
strictures can be managed effectively with endo-
scopic dilation. The development of endoscopic 
treatments for Barrett’s-associated dysplasia and 
early-stage neoplasms has allowed for effective 
treatment of these conditions through minimally 
invasive techniques and decreased the necessity 
for esophagectomy and its associated morbidity 
and mortality for early cancerous and precancer-
ous lesions of the esophagus and esophagogastric 
junction.
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Treatment of Morbid Obesity
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 Introduction

Obesity is a complex disease with serious social, 
psychological, and clinical dimensions that 
affects all ages and socioeconomic groups. The 
significant increase in the incidence of obese 
people characterizes an epidemic of global pro-
portions [1]. In the United States, obesity is 
associated with 5 of the 10 leading causes of 
mortality, and over 60% of American adults are 
today overweight [2]. Overweight increases the 
risk of developing diseases such as hypertension, 
diabetes, dyslipidemia, coronary heart disease, 
stroke, osteoarthritis, sleep apnea, complications 
of pregnancy, menstrual irregular periods, hirsut-
ism, and urinary incontinence. It also increases 
breast, colon, endometrial, and prostate can-
cer [3, 4]. The extreme forms of obesity rarely 
respond to behavioral, dietary, or drug treatments 
[5]. Surgery is the most effective treatment for 
severe obesity. Its benefits include weight loss 
and resolution or improvement of associated dis-
eases with acceptable risks [6, 7].

Surgical treatment of obesity seeks safe, effi-
cient, and well-tolerated procedures for these 

challenging patients. A variety of surgical pro-
cedures have been employed over time [8], but 
all the techniques are based on two fundamental 
principles: decreasing intestinal absorption and/
or limiting gastric capacity. Operations for weight 
loss can be divided into restrictive and malab-
sorptive procedures or a combination of the two. 
Malabsorptive procedures reduce the absorption 
of nutrients, while restrictive techniques decrease 
food intake. Some operations combine both 
mechanisms. This chapter reviews the history 
aspects of bariatric surgical procedures.

 Malabsorptive Procedures

 Jejunoileal Bypass

The first surgical procedure for the treatment 
of obesity is credited to Viktor Henrikson who 
described in 1952 a resection of 105 cm of the 
small intestine for the purpose of weight loss [9].

In 1954, Kremen et  al. [10], after experi-
ments in dogs, performed jejunoileal bypass in 
humans. The procedure consisted in an anasto-
mosis of the 50  cm proximal jejunum with the 
terminal ileum. Almost simultaneously, Varco 
performed the same procedure but without scien-
tific documentation. Payne et al. [11] published 
a series of cases in which a 38–51-cm-long seg-
ment of proximal jejunum was anastomosed to 
the transverse colon. This technique resulted in 
good weight loss but with diarrhea and severe 
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 electrolyte problems. Later, the same author pro-
posed anastomosing the proximal 36 cm of jeju-
num to the distal 10 cm of ileum in an end-to-side 
technique (Fig. 23.1) [12]. Variations were pro-
posed in which an end-to-end anastomosis was 
performed, and the closed-loop segment of the 
small intestine was connected to the cecum, to 
the transverse colon, or to the sigmoid colon.

Despite the popularity of these procedures in 
the 1960s and the good results regarding weight 
loss and resolution of comorbidities, serious 
complications occurred. The defunctionalized 
segment was responsible for bacterial overgrowth 
that generated arthralgia, distension, abdominal 
pain, and even liver failure. The occurrence of 
severe diarrhea was frequent. Many patients had 
protein depletion and vitamin deficiency. In the 
1970s other less morbid procedures were devel-
oped, and the jejunoileal bypass was abandoned.

 Malabsorptive Procedures

 Biliopancreatic Diversion

Scopinaro et al. in 1979 [13] described an alter-
native to jejunoileal bypass and created the 
procedure known as biliopancreatic diversion 
(Fig. 23.2). This procedure consists of a partial 

distal gastrectomy with closure of the duodenal 
stump. The jejunum was divided 250 cm proxi-
mal to the ileocecal valve. The distal limb (Roux 
limb) was anastomosed to the stomach. The 
proximal limb (biliopancreatic limb) was anasto-
mosed to the ileum 50 cm proximal to the ileo-
cecal valve. This technique avoided blind-loop 
syndrome by maintaining pancreatic and biliary 
flow through the deviant bowel, and as there was 
contact between the food and the digestive fluids 
at 50 cm, the absorption was better than the jeju-
noileal bypass. This technique presented excel-
lent results in regard to weight loss and resolution 
of comorbidities but was not free of complica-
tions. The most important were diarrhea, anemia, 
dumping stoma ulceration, protein deficiency, 
and calcium and vitamin D hypo-absorption.

 Duodenal Switch

In order to reduce the problems of biliopancre-
atic diversion, Douglas S.  Hess and Douglas 
W. Hess [14] created in 1998 a variation of the 
biliopancreatic diversion  – the duodenal switch 
(Fig.  23.3). The gastric restriction continued to 
be present through vertical partial gastrectomy 
along the greater curvature with resection of 

Fig. 23.1 Jejunoileal bypass. (With permission from 
Debora Gallegos Saliby)

Fig. 23.2 Biliopancreatic diversion. (With permission 
from Debora Gallegos Saliby)

A. C. Valezi and F. A. M. Herbella



221

70–80% of the stomach (sleeve gastrectomy). 
The duodenum was sectioned 3 cm distal to the 
pylorus. The small intestine was measured in its 
totality. Forty percent of this distance was calcu-
lated and measured retrograde from the ileocecal 
valve, the small intestine was sectioned at this 
point, and the distal limb was anastomosed to the 
duodenum, and the proximal limb was anasto-
mosed to the ileum 75–100 cm proximal to the 
ileocecal valve.

Pylorus preservation leads to slower gastric 
emptying and a lower incidence of dumping. 
The segment of duodenum present in intestinal 
transit decreased the incidence of stoma ulcers. 
In addition, due to this segment of duodenum in 
the alimentary transit, calcium and iron absorp-
tion improved greatly with lower incidence of 
anemia and calcium problems. The common ali-

mentary channel of 75–100 cm was longer than 
the  biliopancreatic diversion, therefore allowing 
better absorption of nutrients.

In 1995 Picard Marceau et al. [15] had already 
performed a similar procedure. They, however, 
did not transect the duodenum, only stapled it. 
The duodenal cross-stapling frequently perme-
ated obviating the benefits of the operation.

 Gastric Bypass

Restriction of the gastric capacity for the treat-
ment of obesity was initiated by Edward Mason 
after observing weight loss in patients under-
going gastrectomy for the treatment of peptic 
ulcers. Mason and Ito [16], in 1967, sectioned 
the stomach horizontally, near the gastric fundus, 
creating a reservoir with about a 100 ml capac-
ity, and gastrojejunostomy of 20 mm in the great 
curvature (Fig. 23.4). The rest of the stomach was 
left in the abdominal cavity. The results of weight 
loss were satisfactory with minimal side effects.

At first, authors were not concerned with the 
size of pouch or gastrojejunostomy. In 1977, Alder 
and Terry [17] stated that the larger the pouch, 
the greater the chance of its dilation, concluding 
that the ideal size of the pouch would be around 

Fig. 23.3 Duodenal switch. (With permission from 
Debora Gallegos Saliby)

Fig. 23.4 Gastric bypass Mason and Ito. (With permis-
sion from Debora Gallegos Saliby)
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30 ml. In the same year, Alden [18] with the inten-
tion of minimizing leaks proposed not the sec-
tion the stomach but only the horizontal stapling. 
However, this technique was soon abandoned due 
to frequent failure of staple lines and restoration of 
the gastric cavity completely with weight regain.

Mason et al. [19], in 1975, modified the pro-
cedure by proposing a narrower anastomosis, 
between 8 and 12 mm, postulating that the nar-
rower anastomosis would increase weight loss. 
In the same study, they proposed to reduce the 
gastric reservoir to 60 ml.

Griffen et al. [20] in 1981 recommended the 
Roux-en-Y gastrojejunal anastomosis (Fig. 23.5). 
This modification reduced the tension in the gas-
trojejunal anastomosis, eliminated the alkaline 
reflux in the pouch, and added a poorly absorp-
tive component, reducing the incidence of leaks, 
reducing the side effects of the procedure, and 
increasing weight loss.

Torres et  al. [21] in 1983 started to use the 
lesser curvature of the stomach to make the pouch, 
since an anastomosis in the proximal portion of 
the stomach and along the great curvature was 
difficult in obese patients and the pouch dilates 
less when performed along the lesser curvature. 
They constructed a pouch based on the lesser cur-

vature of the upper stomach with an approximate 
capacity of 35 ml, a gastrojejunostomy of 18 mm 
in diameter, and jejunojejunostomy in Roux-en-Y 
configuration at 90 cm from the gastric pouch.

Another modification was the use of prosthe-
ses in the terminal portion of the gastric pouch to 
prevent its dilation and to decrease the emptying 
of the stomach. Laws and Piantadosi [22] in 1981 
and Linner [23] in 1986 used silicone rings for 
this purpose. Fobi and Flemming [24], in 1986, 
practiced a technique by constructing the gastric 
pouch along the lesser curvature and the jejuno-
jejunostomy 100 cm from the gastroenterostomy 
applying a silicone ring above this anastomosis. 
Capella et al. [25], in 1991, described a similar 
procedure but with a smaller pouch with a capac-
ity of only 15 ml, also with a silicone ring at the 
distal end of the pouch. Later, they replaced the 
silicone ring with a polypropylene mesh. They 
emphasized the idea to limiting gastric emptying 
in order to obtain better to weight loss.

In order to increase weight loss, Salmon [26] 
proposed that the Roux limb should be lon-
ger than 150 cm as compared to the traditional 
100  cm length. Wittgrove et  al. [27], in 1996, 
performed the first laparoscopic gastric bypass 
(Fig. 23.6).

Fig. 23.5 Roux-en-Y gastric bypass. (With permission 
from Debora Gallegos Saliby)

Fig. 23.6 Roux-en-Y gastric bypass. (With permission 
from Debora Gallegos Saliby)
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Although the gastric bypass had an advantage 
over the biliopancreatic diversion and duodenal 
switch with less diarrhea and liver problems, 
weight loss was lower, and bypassing stomach 
and duodenum had the potential of leading to 
calcium and iron absorption problems in addition 
to vitamin B12 deficiency.

 Pure Restrictive Procedures

 Gastroplasty

The first gastroplasty was proposed by Printen 
and Mason [28] in 1973 (Fig.  23.7). The pro-
cedure consisted of horizontal stapling of the 
gastric fundus, creating a proximal pouch with a 
stoma next to the great curvature that connected 
this small pouch with the remaining stomach. 
This operation was abandoned due to unsatisfac-
tory weight loss, probably related to failure of the 
stapled line, dilation of the pouch, or enlargement 
of the communication channel. To avoid leaks of 
the stapling line, Gomes [29], in 1980, suggested 
two lines of stapling and reinforced the stoma 
with Mersilene mesh or polypropylene rings. 
These modifications were difficult to perform 
and caused fibrosis, erosions of the mesh into the 
stomach, and dilation of the pouch. Carey and 

Martin [30] proposed in 1981 stapling the stom-
ach with two staple lines but with the outlet chan-
nel between the small proximal pouch and the 
rest of the stomach located midway between the 
lesser and greater curvature, with 1 cm diameter. 
Despite the efforts mentioned above, the problem 
of stapling leaks persisted, and gastric dilatation 
also occurred frequently.

Long and Collins [31] in 1980 proposed the 
oblique stapling starting on the lesser curvature 
toward the angle of His, making the pouch next 
to the lesser curvature. The stapling had about 
12  cm of extension, with a stoma diameter of 
1–2 cm. The stoma was reinforced with a poly-
propylene suture to avoid its dilation. This tech-
nique decreased the chance of pouch dilation 
because the wall of the stomach is thicker along 
the small curvature. Laws [32] introduced, in 
1981, the use of silicone ring around the stoma to 
prevent its enlargement.

Mason [33] in 1982 developed the vertical 
banded gastroplasty. This procedure consisted 
of vertical stapling along the lesser curvature 
toward the angle of His, calibrated over a bougie 
to ensure a diameter of 10–12  mm. The pouch 
should not have more than a 50  ml capacity 
(Fig.  23.8). The outlet of the pouch was rein-
forced by a polypropylene mesh. Initially only 
the stapling of the stomach was done, but due to 

Fig. 23.7 Gastroplasty. (With permission from Debora 
Gallegos Saliby)

Fig. 23.8 Gastroplasty Mason. (With permission from 
Debora Gallegos Saliby)
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the constant failure of the stapling line, section of 
the stomach was subsequently performed.

Although the initial results were satisfactory, 
long-term follow-up showed better results with 
other surgical techniques. The interest in gastro-
plasties decreased.

 Gastric Banding

The gastric band was designed to be less inva-
sive, avoiding any changes in the anatomy of the 
digestive tract or stomach, in order to reduce food 
intake by creating a small gastric reservoir.

Wilkinson and Peloso [34] in 1981 placed a 
2-cm-wide Marlex band along the proximal part 
of the stomach. In 1983, Molina and Oria [35] 
described the same procedure using a Dacron 
band. These materials led to fibrosis and gastric 
erosion in such a way that complications were 
very frequent, and therefore were soon aban-
doned, but the idea remained.

Silicone band with an internal balloon was 
then designed. This balloon could be inflated 
through a portal placed in the subcutaneous tis-
sue to control the volume of the balloon and thus 
the diameter of the gastric outlet. Hallberg and 
Forsell [36] were the first to use the gastric adjust-
able band in humans in 1985. In 1986, Kuzmak 
[37] showed better results with the adjustable 
gastric band compared to the unadjusted band. 
With the advent of laparoscopy, the gastric band-
ing became a very widespread option for the 
treatment of obesity (Fig. 23.9).

With long-term follow-up, side effects of 
this procedure began to be reported, such as 
band slippage, erosion, esophageal dilation, and 
weight loss lower than other surgical procedures. 
Reoperations were described in large numbers of 
patients to correct the complications or to con-
vert the gastric banding into another surgical 
procedure.

 Sleeve Gastrectomy

This technique consists of a vertical gastrectomy 
with resection of 80% of the stomach, removing 

the gastric fundus and large part of the body, leav-
ing the tubular-shaped stomach, and preserving 
only the antrum. The stomach looks like a sleeve.

This procedure was initially proposed by 
Johnston [38], in order to avoid the mesh placed 
in vertical banded gastroplasty. The technique 
consisted of stapling the stomach close to the 
lesser curvature, calibrated over a 32-French 
bougie more distal to that proposed in verti-
cal gastroplasty and directed to the angle of 
His. This technique created a tube next to the 
lesser curvature. This procedure was called 
“Magenstrasse and Mill” where there was 
restriction to the volume of food intake and the 
gastric antrum received the food and prepared 
it for emptying controlled by the pylorus that 
remained intact.

This technique allowed weight regain due 
to reflux of food into the large gastric chamber 
through the common canal at the antrum. In order 
to avoid this side effect, the resection of the stom-
ach was proposed, starting the stapling along the 
greater curvature 4–6 cm proximal to the pylorus. 
The vertical gastrectomy also came to be used as 
staging procedure [39] in super obese, preceding 
the duodenal switch. Many of these patients had 
considerable weight loss, and thus the next pro-
cedure became often unnecessary so that the use 
of a sleeve gastrectomy was started as a single 
procedure for the treatment of obesity. Due to 

Fig. 23.9 Gastric band. (With permission from Debora 
Gallegos Saliby)
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the lower incidence of dumping and good weight 
loss, this technique has been widely used for the 
treatment of obesity (Fig. 23.10).
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Importance of a Multidisciplinary 
Approach for Bariatric Surgery

Richard Thompson and Timothy M. Farrell

 Introduction

Bariatric surgery is a proven effective treatment 
for morbid obesity and its associated comorbidi-
ties, such as diabetes and hypertension. A multi-
disciplinary approach is essential to ensure 
maximum benefits that will last for the rest of the 
patient’s life and for prevention or treatment of 
complications. Besides the surgeon, the care 
team consists of the following providers: a pri-
mary care provider, a registered dietician, a clini-
cal psychologist, and an exercise physiologist. 
Patients usually prepare for surgical treatment 
months before operation, assisted by a bariatric 
coordinator who helps guide them through the 
process. Data indicate that patients lose more 
excess weight and are less likely to regain weight 
when an intensive multidisciplinary approach is 
used [1]. This includes preoperative nutritional 
education and guidance with dieting and a regu-
lar exercise program [2–6]. Psychological assess-
ment of mood, social and family support, 
substance use, cognitive function, psychosocial 
status, motivation, and willingness to undertake 
behavioral changes are crucial. An endocrinolo-
gist or internist with expertise in obesity treat-
ment helps to optimize the patient for surgery by 
controlling comorbidities with medications and 

other therapies. In the postoperative period, con-
tinual follow-up with all members of the team 
significantly contributes to the enduring success 
of bariatric surgery. Multidisciplinary weight 
management is recommended by medical societ-
ies. The National Weight Control Registry has 
data showing narrow approaches to weight reduc-
tion are rarely effective but that a broad, multifac-
eted approach is more sustainable [7]. 
Furthermore, multidisciplinary weight manage-
ment results in long-term maintenance of weight 
loss.

 Role of the Surgeon

The bariatric surgeon performs an operation 
designed to aid with weight loss. Over several 
decades, different operations have been used to 
variably provide restrictive, malabsorptive, or 
behavioral strategies to affect weight loss. 
Currently, the predominant operations are Roux- 
en- Y gastric bypass and sleeve gastrectomy. 
These operations have similar short-term out-
comes with regard to excess weight loss [8]. 
Therefore, the choice of operation is determined 
through a shared decision-making process 
between the patient, surgeon, and other providers 
of the multidisciplinary team. Roux-en-Y gastric 
bypass and sleeve gastrectomy provide similar 
results with regard to resolution of comorbidities 
such as diabetes within the first 5 years of sur-
gery. However, further study is needed to deter-
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mine if one operation is more effective in the 
long term [9]. Some data suggest that 10-year 
outcomes may be better with gastric bypass, but 
this operation has the potential for complications 
such as marginal ulcers and internal hernias [10].

The surgeon manages the patient in the imme-
diate postoperative period. This includes moni-
tored dietary advancement, pain control, and 
management of fluids. The surgeon is responsible 
for identification and treatment of postoperative 
complications, the most common of which 
include gastrointestinal leak, bleeding, and stric-
ture. Roux-en-Y gastric bypass patients are at 
risk for developing marginal ulcers at the gastro-
jejunal anastomosis as well as internal hernias. 
Leaks are often not identified for days and as a 
result are often managed with percutaneous 
drainage. Strictures can be successfully treated 
with endoscopic dilation. Marginal ulcers are 
managed medically with acid suppression. 
Internal hernias may be life-threatening as a 
potential cause of bowel ischemia and require 
prompt operative intervention.

Although bariatric surgery allows for dramatic 
weight loss, there is overwhelming evidence sup-
porting the need for intensive management of 
patients by a multidisciplinary team before and 
after operation. With the care and support of a 
full team, patients can expect better and more 
durable benefits to their health.

 Role of the Specialist in Medical 
Management of Obesity

Primary care providers are on the front line in the 
fight against obesity and attendant comorbid con-
ditions such as diabetes and hypertension. It is 
crucial for physicians to not only screen for obe-
sity and diabetes but also to aggressively manage 
these conditions early in the course of disease. 
Appropriate patients should be referred to a 
Bariatric Center of Excellence, where intake 
begins with an internist or endocrinologist with 
expertise in management of obesity.

Optimization of prescribed medication may 
enhance the benefits of diet and exercise. 
Medications that are weight neutral or those that 

enhance weight loss such as metformin, DPP-4 
inhibitors, α-glucosidase inhibitors, GLP-1 ana-
logs, SGLT-2 inhibitors, and pramlintide should 
be prescribed over medications with a known side 
effect of weight gain. Furthermore, the use of 
FDA-approved anti-obesity medications such as 
lorcaserin, naltrexone with bupropion, topiramate 
with phentermine, and liraglutide is encouraged 
in certain patients with strong appetites. Patients 
on insulin may be switched to long- acting insulins 
like insulin detemir, insulin degludec, and insulin 
glargine U-300  in order to curb weight gain. 
Orlistat, a gastric and pancreatic lipase inhibitor, 
blocks dietary fat absorption by approximately 
30%. Both randomized trials and meta-analyses 
have demonstrated that orlistat treatment can pro-
duce weight loss and reduce the incidence of 
type-2 diabetes in people with impaired glucose 
tolerance [11]. Several mechanisms have been 
proposed to account for the anti- diabetic effect of 
orlistat, such as improved insulin sensitivity, 
incomplete dietary fat digestion, partial stimula-
tion of glucagon-like polypeptide 1 (GLP-1) 
release, and decreases in visceral adiposity. 
Phentermine-extended release with topiramate, 
lorcaserin, and naltrexone with bupropion are 
additional medications that can elicit weight loss 
through action on the central nervous system to 
reduce appetite. Clinical trials have shown these 
medications are effective at reducing HbA1c as 
well as lowering the progression to type-2 diabe-
tes. Liraglutide, a GLP-1 receptor agonist that is 
approved for use in type-2 diabetes, has also been 
approved for weight loss [1].

The physicians who counsel patients on proper 
diet and exercise and who manage excess weight 
and its comorbidities are often the first to intro-
duce the idea of surgical treatment to enhance 
excess weight loss. They have the opportunity to 
identify and refer appropriate surgical candi-
dates. Ideal patients are those with BMI greater 
than 40 kg/m2 or BMI greater than 35 kg/m2 with 
associated comorbidities such as diabetes, hyper-
tension, or sleep apnea, who are able to tolerate a 
general anesthetic and operation.

Prior to operative planning, selective referrals 
to additional specialists should be made at the 
discretion of the physician. Clinical suspicion for 
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diseases such as obstructive sleep apnea, reflux, 
or heart disease warrants preoperative evaluation 
with the appropriate specialists. Further diagnos-
tic testing helps determine whether a patient is 
appropriate for surgery or if there is room for fur-
ther medical optimization in order to minimize 
the risks associated with surgery. In the case of 
gastroesophageal reflux, some evidence [12] sug-
gests that a sleeve gastrectomy exacerbates the 
disease, and thus diagnostic testing may influ-
ence which operation is offered to patients.

 Role of the Dietician

Although there is a genetic component of obesity, 
the substantial increased prevalence of the dis-
ease in recent years belies the major contributing 
factors of excess caloric intake combined with a 
sedentary lifestyle. The morbidly obese popula-
tion typically subsists on high-fat, high-sugar 
foods with poor nutritional value. The causes of 
nutritional deficiencies in this population are 
multifactorial and include high intake of calori-
cally dense foods with low nutritional quality, 
limited bioavailability of some nutrients such as 
Vitamin D, chronic inflammation status that 
affects iron metabolism, and small intestinal bac-
terial overgrowth which can lead to deficiencies 
in thiamin, vitamin B-12, and fat-soluble vita-
mins. The most common preoperative deficien-
cies found in studies include vitamin B-12, iron, 
folic acid, vitamin, and thiamine [13–15].

Patients meet with a registered dietician upon 
presentation to the bariatric clinic. Evaluation 
includes review of dietary history and review of 
adherence to dietary recommendations during 
previous attempts of weight management. 
Potential barriers to following a nutrition plan are 
identified. Each participant should receive a 
hypocaloric meal plan rounded to the nearest 
1200, 1500, or 1800 kilocalorie level for ease of 
application based on their gender, height, and 
previous energy intake.

Ideally, patients should begin following rec-
ommendations toward a postsurgical diet and 
make lifestyle modifications 6  months before 
operation. The overarching recommendation is a 

diet primarily low in fat and sugar and high in 
protein and vegetables without starch. Structured 
meal plans provide approximately 40–45% of 
daily energy intake from carbohydrates with 14 
grams of fiber per 1000 calories, less than 35% 
from fat with less than 10% from saturated fat, 
and 1–1.5  g/kg of adjusted body weight from 
protein [15]. Protein intake is not calculated as a 
percentage of the total calories in order to avoid 
unintended reduction in absolute protein intake 
in a hypocaloric diet, which could accelerate lean 
muscle loss during weight reduction. Minimizing 
the loss of lean muscle mass is vital for long-term 
maintenance of overall weight loss. Patients are 
encouraged to maintain a food log, which is 
reviewed weekly by the dietician during the 
intensive phase of intervention to ensure adher-
ence to the diet.

With most bariatric procedures, there is a 
restrictive component to intake to which the 
patient must adjust early in the postoperative 
period. Most surgeons also limit early diet to 2–3 
ounces per hour of liquids to prevent staple line 
stress during healing. Still, the patient may expe-
rience nausea, vomiting, bloating, or epigastric 
pain. Following discharge, it is not uncommon 
for patients to develop such symptoms due to 
noncompliance with recommended dietary 
guidelines. Early re-involvement of the dietician 
after surgery, for ongoing education regarding 
food selections, timing, and volume of meals, is 
associated with significantly lower readmission 
rates [16].

Patient surveys indicate that therapeutic con-
tinuity is the most important element of follow-
up care [17]. This is most often established with 
the bariatric dietician. Studies have demon-
strated an association between the number of 
follow-up visits and weight loss post-gastric 
bypass surgery [16, 17]. Proper diet is helpful in 
reducing the incidence of slow weight loss, 
weight regain, weight plateauing, dehydration, 
discomfort, abdominal pain, indigestion, heart-
burn, and dumping syndrome after surgery, and 
patients rely on the dietician for guidance. Garg 
et al. [16] demonstrated that postoperative nutri-
tional consultation resulted in significantly fewer 
readmissions due to dietary-related problems 
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and more favorable 3-month change in serum 
thiamine, high-density lipoprotein, and triglyc-
erides when seen by both surgeon and dietician 
versus surgeon alone. Attrition rates among bar-
iatric patients range from 3 to 63% depending on 
the type of surgical procedure as well as the 
nature and frequency of prescribed follow-up 
care, and failure to return for follow-up visits is 
associated with more postoperative complica-
tions, lower percentage weight loss, a higher 
degree of nutritional deficiencies, poorer dietary 
compliance, and higher rates of surgery-related 
morbidity. It is estimated that 42% of patients 
will regain a large proportion of the weight ini-
tially lost and reenter the category of morbid 
obesity. The dietician helps to ensure the success 
of bariatric surgery by providing patients with 
practical nutrition knowledge as well as encour-
agement for physical activity and behavioral 
changes. Studies show that patients who are lost 
to follow-up have less success in weight reduc-
tion and maintenance and are at greater risk of 
developing nutritional deficiencies [18].

Vitamin supplementation becomes important 
due to decreased caloric intake and malabsorp-
tion following surgery. Multivitamin formulas 
should contain at least 45 mg iron, 400 mcg folic 
acid, and 8–11 mg of zinc. Supplementation with 
cobalamin (vitamin B12) in a 1000-mcg dose is 
recommended for all bariatric surgery patients. 
Daily supplementation of elemental calcium 
citrate with vitamin D3 is recommended. Patients 
are encouraged to take full supplements for at 
least 3  months after surgery, and the care team 
can then reevaluate at close intervals to best tailor 
supplementation.

 Role of the Exercise Physiologist

Lack of physical activity in the preoperative 
period is a strong predictor of blunted weight loss 
following bariatric surgery [19]. In fact, cardiore-
spiratory fitness measured by oxygen delivery 
less than 15.8 ml/kg/min is associated with a lon-
ger operating time, intubation duration, and esti-
mated blood loss during surgery, as well as more 
frequent complications including unstable 

angina, myocardial infarction, and deep vein 
thrombosis [11]. Exercise, before and after bar-
iatric surgery, is an essential component of the 
multidisciplinary approach to weight loss. 
Ideally, an exercise physiologist meets with the 
patient early in the process and develops a per-
sonalized exercise plan based on the individual’s 
age, gender, health status, and exercise capacity. 
In clinical practice, exercise capacity may be 
tested by a simple method such as the 6-minute 
walk test. The common recommendation of 
150  minutes per week of aerobic exercise or 
10,000 steps per day improves fitness but is not 
enough for weight reduction or even for mainte-
nance of weight loss. Effective exercise interven-
tion for weight management should include a 
balanced mix of aerobic exercise to promote car-
diovascular health, resistance exercise to main-
tain muscle mass, and flexibility (stretch) exercise 
to enhance functional capabilities and reduce risk 
of injury. Exercise plans may progress gradually 
over 3–6  months, from 20  minutes per day for 
4  days each week to 60  minutes per day for 
5–6 days each week. After completing the initial 
intensive phase, participants are usually encour-
aged to continue to exercise for 1  hour daily, 
5–6  days per week, and to maintain greater 
than 300 minutes per week, with focus on resis-
tance training to preserve muscle mass. This is 
important because diabetes worsens sarcopenia. 
The use of different exercise methods like circuit 
and interval training reduces boredom and 
increases duration of exercise. Exercise is partic-
ularly important after the intensive phase of 
weight management; it helps maintain the weight 
loss achieved during the intensive period.

Current recommendations to increase aerobic 
fitness in adults advise 150 minutes of moderate 
or 75  minutes of vigorous physical activity per 
week [1]. However, fewer than 10% of bariatric 
surgery candidates meet the activity recommen-
dation prior to surgery and are most commonly 
categorized as having poor cardiorespiratory fit-
ness. This low level of physical activity may 
explain why some individuals have an increased 
risk of composite surgical complications. 
Presurgical physical activity levels are positively 
associated with postsurgical physical activity and 

R. Thompson and T. M. Farrell



231

increasing physical activity levels prior to sur-
gery may facilitate a beneficial increase in post-
surgical exercise behavior. Preoperative exercise 
counseling combined with pedometry has been 
shown to increase 6-month postoperative physi-
cal activity levels to a greater extent than stan-
dard medical care alone [20]. Few data exist 
regarding the relationship between preoperative 
patient education and weight management pro-
grams on patient weight loss and postoperative 
outcomes after bariatric surgery. While some 
researchers have reported the positive impacts of 
these programs on postoperative weight loss, oth-
ers, more often, have found undetectable differ-
ences. A recent retrospective analysis compared 
56 patients who attended a preoperative weight 
management program to 441 surgical patients 
who did not attend such a program. The program 
consisted of lifestyle changes including moni-
tored diet and exercise, as well as education and 
behavioral strategies. Subgroup analysis revealed 
a modestly higher excess weight loss at 12 months 
among Roux-en-Y gastric bypass who attended 
the weight management programs versus con-
trols (66% compared to 56%) [21].

The Look AHEAD trial from 2014 provides 
the largest and longest randomized evaluation to 
date of an intensive lifestyle intervention for 
weight reduction [22]. The study was initially 
conceived to evaluate the effect on cardiovascular 
disease over time. Although the results show no 
difference between the compared groups for this 
primary endpoint, the study provides information 
about the feasibility of inducing and maintaining 
clinically significant weight loss, defined as a 
≥5% reduction in initial body weight. Weight 
loss of this degree confers health benefits includ-
ing prevention and resolution of type-2 diabetes, 
reduction in blood pressure and lipids, ameliora-
tion of nonalcoholic fatty liver disease, and 
improvements in urinary incontinence and sexual 
dysfunction. The intensive intervention arm 
emphasized lower caloric intake by restricting fat 
calories to less than 30% of total and also reduc-
ing low-quality carbohydrates such as sugar, 
sugar-flavored beverages, and high-calorie 
snacks. Increased exercise levels of 175 minutes 
per day at least 5  days per week were encour-

aged. This group had fewer hospitalizations, 
fewer medications, and lower health-care costs 
over a 10-year period, making the program 
cost-effective.

Two recent small randomized controlled trials 
indicate that physical activity interventions initi-
ated postoperatively can also increase patients’ 
activity levels and contribute to improved surgi-
cal outcomes, including weight loss, body com-
position, and fitness [21]. There is also evidence 
to suggest that increasing physical activity preop-
eratively may reduce surgical complications and 
there is substantial support showing that consis-
tent activity is the most important predictor of 
long-term weight loss maintenance [23].

Clinicians report that doubt of counseling effi-
cacy and lack of patient interest are barriers to 
providing exercise counseling in clinical care. 
These barriers may, in part, be responsible for 
recent survey results which revealed that only 
22% of patients of bariatric surgical centers 
accredited by the American College of Surgeons 
Bariatric Surgery Center Network report having 
received postoperative exercise consultation, 
despite accreditation requirements to establish 
procedures for exercise counseling [21]. 
However, evidence that motivated patients can 
increase their activity level and obtain the atten-
dant health benefits, if given very clear guidelines 
and assistance in reaching goals, justifies regular 
exercise programs in the clinical care of bariatric 
surgery patients. Clinicians can do their part to 
increase the exercise level of patients during all 
phases of their care, including providing referrals 
for exercise testing, physical therapy, and an 
exercise specialist as indicated.

 Role of the Mental Health 
Professional

Preoperative psychological assessment of the bar-
iatric patient is an essential component of ensuring 
optimal outcomes. Morbid obesity is commonly 
associated with depression and low self-esteem. 
The social stigma and poor body image associated 
with obesity contribute to psychopathology. 
Oftentimes binge eating is the result of poor 
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impulse control, depression, emotionality, or self-
consolation. Psychiatric diseases such as depres-
sion and bipolar disorder are associated with less 
excess weight loss and weight regain in the post-
operative population. The preoperative psycho-
logical evaluation aids in identification of patients 
who are capable of adherence to diet and exercise 
regimens in the long term. It also helps to identify 
risk factors such as depression, which can be 
treated with medication and psychotherapy in 
order to improve weight-loss outcomes. Overeating 
and binge eating become such an ingrained part of 
these patients’ lives, often serving as a coping 
mechanism. The psychological component of 
pathologic eating behavior must be addressed in 
these patients because once they undergo bariatric 
surgery, they lose this coping mechanism. This can 
lead to depression which negatively impacts post-
operative weight loss [24].

The primary objective for the psychosocial 
evaluation is to provide screening and identifica-
tion of risk factors or potential postoperative 
challenges that may contribute to a poor postop-
erative outcomes [25–30]. Patients with such fac-
tors benefit from additional management or 
intervention before and/or after surgery. In some 
cases, these issues may contraindicate surgery 
altogether. Another important function that the 
preoperative psychosocial evaluation process 
serves is to establish a positive and trusting work-
ing relationship between the behavioral health 
clinician and the patient. When the clinician pres-
ents as a support who will help the patient pro-
ceed to surgery and ensure the best possible 
outcomes, the patient’s willingness to be open 
and candid during the evaluation increases. 
Establishment of trust and rapport during the ini-
tial evaluation also serves to enhance the patient’s 
willingness to seek behavioral support after sur-
gery if problems are encountered. Even a patient 
with excellent postsurgical weight loss may 
encounter psychosocial difficulties and chal-
lenges after surgery, ranging from disruptions in 
interpersonal relationships and body image dis-
satisfaction to concerns as serious as substance 
abuse and even suicidal behavior. The preopera-
tive psychological assessment helps not only 

with the outcome measure of weight loss but also 
measures of metabolic status and medical comor-
bidities, quality of life, and psychosocial and 
behavioral functioning.

The initial clinic visit consists of a clinical 
interview, which includes routine general mental 
health intake assessment of psychopathology and 
mental status. Patients with severe obesity, and 
particularly the ones seeking surgical weight loss 
treatment, are more likely to report current or 
lifetime mood and anxiety disorders. Post- 
traumatic stress disorder, social phobia, and panic 
disorder are common. This visit also clarifies 
weight history, including weight trajectory over 
time and past weight-loss attempts. This history 
helps to identify important environmental and 
physiologic contributors that have affected the 
patient’s weight. It also allows the evaluator to 
obtain information about the specific types of 
weight-loss interventions that have been tried, 
duration of adherence to the various approaches, 
and what factors have been helpful in promoting 
adherence or barriers to sustained behavior 
change. Developmental and family history, cog-
nition, personality traits and temperament, sub-
stance abuse, expectations following surgery, 
social support, and motivation are all important 
factors to assess during the interview as they may 
impact the success of surgery.

Recent literature has consistently demon-
strated that personality traits and temperament 
have an influence on postoperative outcomes. In 
particular, low conscientiousness, poor impulse 
control, and elevated neuroticism are related to 
risk for obesity as well as suboptimal outcomes 
following bariatric surgery. The trait of persis-
tence, or an ability to continue to pursue one’s 
goals despite immediate setbacks and frustra-
tion, is a significant predictor of weight loss after 
surgery [24].

Following the preoperative psychological 
assessment, a report is completed which includes 
recommendations based on the findings of the 
evaluation. These may include interventions 
designed to minimize barriers to optimal psycho-
social and medical outcomes after surgery. For 
example, after noting that the patient has depres-
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sion, the evaluator will recommend specific 
methods to ensure that the patient’s mood symp-
toms do not interfere with postsurgical self-care 
and behavioral adherence or pose a risk for self- 
harm. The aim of the presurgical evaluation 
should be to assess the impact that such psycho-
logical symptoms or diagnoses would have on 
postsurgical adherence and self-care. The focus 
of the assessment is on the extent to which daily 
functioning is affected, how stable the patient has 
been and for how long, whether appropriate psy-
chological treatment is in place, and how well 
any symptoms are being managed at the time of 
presentation.

Some evidence suggest that postoperative 
psychological support services also impact out-
comes. Existing postsurgical psychological ser-
vices are characterized by a large variation across 
bariatric programs, ranging from individual psy-
chotherapy and group therapy to support groups. 
Recent systematic review with meta-analysis of 
nine studies looking at the effects of postsurgical 
psychological services indicate a relatively mod-
est effect on weight loss up to 3 years following 
bariatric surgery [31]. However, a randomized 
controlled trial involving 145 patients published 
in 2015 concluded that psychological support 
pre- and post-bariatric surgery had no impact on 
weight loss as measured by BMI and change in 
BMI after a year [32]. The authors argue that psy-
chological support should be targeted to patients 
who start to demonstrate weight regain following 
surgery. Further study with methodological rigor 
is needed in order to elucidate the role of postop-
erative psychological services.

Analysis of postsurgical psychosocial factors 
indicates that the pathologic behaviors of binge 
eating and grazing, as well as presence of depres-
sive disorders, negatively impact weight-loss out-
comes. Conversely, adherence to dietary and 
physical activity guidelines positively predict 
weight loss. Postoperative identification of disor-
dered eating and depressive disorder provides an 
opportunity for targeted behavioral and medical 
interventions, which may help to attain better 
long-term weight loss outcomes.

 Weight Regain

Among patients who experience weight regain, 
the return of hunger or food cravings may lead to 
maladaptive eating behaviors in response to 
internal and external cues. Acceptance-based 
behavioral treatments specifically target the psy-
chological challenges patients face by providing 
them with skills to handle undesirable psycho-
logical experiences in the service of core long- 
term values. Acceptance and commitment therapy 
directly address the causes of postoperative 
weight regain by helping patients to make mind-
ful decisions based on their weight-control goals 
despite the internal states that make doing so 
challenging. For example, patients learn tools to 
gain psychological distance from thoughts and 
emotions, allowing them to act independently of 
these internal experiences. These kinds of behav-
ioral treatments are especially effective for indi-
viduals with greater disinhibition and responsivity 
to food.

Weight regain is a substantial challenge for 
patients and providers following bariatric surgery. 
Understanding risk factors helps prevent or reduce 
the adverse influence on weight-loss outcomes. 
Preoperative age, sex, race, body mass index, and 
diabetes status are reported determinants associ-
ated with nonresponsiveness to surgery [11]. 
Elderly patients exhibit sarcopenia and insulin 
resistance to a greater degree than younger 
patients, both of which promote fat storage. 
Women may have a blunted response in compari-
son to men due to sex hormones; high testoster-
one in women increases diabetes risk, and women 
have relative leptin resistance which may increase 
caloric intake. Women also have elevated ghrelin 
levels, resulting in higher total fat mass. Latino 
and black patients tend to lose less weight; 
whether this is the result of genetic predisposition, 
culture, or socioeconomic status remains unclear.

Insulin-resistant diabetes plays a major role in 
fat distribution and thus excess weight. Excess 
fatty tissue and diabetes are intricately related 
and create a vicious cycle. Increased white adi-
pose tissue in the abdominal visceral region 
increases the expression of macrophages and 
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inflammatory cytokines including TNF-α and 
interleukin-6 that, in turn, leads to elevated sys-
temic inflammation. This chronic inflammatory 
state contributes to insulin resistance. Moreover, 
increased inflammation in adipose tissue down-
regulates adiponectin, which exacerbates sys-
temic insulin responsiveness in tissues including 
the skeletal muscle and liver. This is problematic 
as insulin resistance promotes β-cell dysfunction, 
endothelial dysfunction, hyperglycemia, and 
increased risk of cardiovascular disease.

The development of social media platforms 
has led to the formation of patient-led discussion 
groups, which provide information related to bar-
iatric surgery and support to members. The role 
of social media in health care is in evolution, and 
it is important for providers to be familiar with its 
impact on patients because its powerful influ-
ence. The quality and veracity of information 
presented to potential surgical candidates as well 
as those who have undergone weight loss surgery 
are questionable and can confuse or mislead 
members if the information is contradictory to 
that which is provided in clinical settings. It 
stands to reason that the management of social 
media groups and the information and support 
they provide should fall to the health-care provid-
ers for this population. It remains unclear what 
influence social media has on surgical outcomes, 
but it will be important for clinicians to be aware 
of its presence, to get involved, and monitor its 
long-term effects.

 Conclusions

A multidisciplinary approach to the bariatric 
patient clearly leads to better and more sustain-
able weight-loss results. Bariatric operations are 
not “quick fixes” to obesity; rather, they comprise 
one integral element which acts synergistically 
with those of diet, exercise, medical manage-
ment, and cognitive–behavioral therapy to pro-
vide the best outcomes. Future studies of this 
population are required in order to more fully 
understand how these elements determine out-
comes. For instance, it remains to be seen how 
the timing and content of exercise regimens 

impact the amount of excess weight loss and the 
sustainability of those results. Frequency and 
method of psychological counseling may posi-
tively affect results, but this requires further 
examination. Closer follow-up with a bariatric 
dietician and primary care physician may also 
play a role, although this remains to be fully char-
acterized. More intensive lifestyle interventions 
and involvement in support groups have the 
potential for positive influence, but these need to 
be more clearly defined and standardized in order 
to measure their effects. Information obtained 
directly from patients suggests the importance of 
support systems before and after surgery; many 
report that peer, dietetic, and psychological sup-
port positively influence weight loss outcomes in 
the long term [33]. As more high-quality studies 
are produced and long-term data become avail-
able, the multidisciplinary team is best positioned 
to deliver what is needed for patients to have the 
best possible outcomes.

Conflict of Interest The authors have no conflict of inter-
est to declare.

References

 1. Hamdy O, Ashrafzadeh S, Mottalib A. Weight man-
agement in patients with type 2 diabetes: a multi-
disciplinary real-world approach. Curr Diab Rep. 
2018;18(9):66.

 2. Egberts K, Brown WA, O’Brien PE.  SFR-111 
Optimising lifestyle factors to achieve weight loss in 
surgical patients. Surg Obes Relat Dis. 2011;7:368.

 3. McCullough PA, Gallagher MJ, Dejong AT, et  al. 
Cardiorespiratory fitness and short-term complications 
after bariatric surgery. Chest. 2006;130(2):517–25.

 4. Shah M, Snell PG, Rao S, et  al. High-volume exer-
cise program in obese bariatric surgery patients: a 
randomized, controlled trial. Obesity (Silver Spring). 
2011;19(9):1826–34.

 5. Koball AM, Jester DJ, Domoff SE, Kallies KJ, Grothe 
KB, Kothari SN.  Examination of bariatric surgery 
Facebook support groups: a content analysis. Surg 
Obes Relat Dis. 2017;13(8):1369–75.

 6. Graham YN, Hayes C, Mahawar KK, Small PK, Attala 
A, Seymour K, Woodcock S, Ling J.  Ascertaining 
the place of social media and technology for bariat-
ric patient support: what do allied health practitioners 
think? Obes Surg. 2017;27(7):1691–6.

 7. Thomas JG, Bond DS, Phelan S, Hill JO, Wing 
RR.  Weight-loss maintenance for 10 years in the 

R. Thompson and T. M. Farrell



235

National Weight Control Registry. Am J Prev Med. 
2014;46(1):17–23.

 8. Peterli R, Wölnerhanssen BK, Vetter D, Nett P, 
Gass M, Borbély Y, Peters T, Schiesser M, Schultes 
B, Beglinger C, Drewe J.  Laparoscopic sleeve gas-
trectomy versus Roux-Y-gastric bypass for morbid 
obesity—3-year outcomes of the prospective ran-
domized Swiss Multicenter Bypass Or Sleeve Study 
(SM-BOSS). Ann Surg. 2017;265(3):466.

 9. Murphy R, Clarke MG, Evennett NJ, Robinson SJ, 
Humphreys ML, Hammodat H, Jones B, Kim DD, 
Cutfield R, Johnson MH, Plank LD.  Laparoscopic 
sleeve gastrectomy versus banded Roux-en-Y gas-
tric bypass for diabetes and obesity: a prospec-
tive randomised double-blind trial. Obes Surg. 
2018;28(2):293–302.

 10. Shoar S, Saber AA. Long-term and midterm outcomes 
of laparoscopic sleeve gastrectomy versus Roux- 
en- Y gastric bypass: a systematic review and meta- 
analysis of comparative studies. Surg Obes Relat Dis. 
2017;13(2):170–80.

 11. Gilbertson NM, Paisley AS, Kranz S, et al. Bariatric 
surgery resistance: using preoperative lifestyle medi-
cine and/or pharmacology for metabolic responsive-
ness. Obes Surg. 2017;27:3281.

 12. Stenard F, Iannelli A.  Laparoscopic sleeve gas-
trectomy and gastroesophageal reflux. World J 
Gastroenterol: WJG. 2015;21(36):10348.

 13. Muschitz C, Kocijan R, Haschka J, Zendeli A, Pirker 
T, Geiger C, Müller A, Tschinder B, Kocijan A, 
Marterer C, Nia A. The impact of vitamin D, calcium, 
protein supplementation, and physical exercise on 
bone metabolism after bariatric surgery: the BABS 
study. J Bone Miner Res. 2016;31(3):672–82.

 14. Sherf Dagan S, Goldenshluger A, Globus I, Schweiger 
C, Kessler Y, Kowen Sandbank G, Ben-Porat T, 
Sinai T.  Nutritional recommendations for adult bar-
iatric surgery patients: clinical practice. Adv Nutr. 
2017;8(2):382–94.

 15. Leahy CR, Luning A.  Review of nutritional guide-
lines for patients undergoing bariatric surgery. AORN 
J. 2015;102(2):153–60.

 16. Garg T, Birge K, Rosas U, Azagury D, Rivas H, 
Morton JM.  A postoperative nutritional consult 
improves bariatric surgery outcomes. Surg Obes Relat 
Dis. 2016;12(5):1052–6.

 17. Aarts MA, Sivapalan N, Nikzad SE, Serodio K, 
Sockalingam S, Conn LG. Optimizing bariatric sur-
gery multidisciplinary follow-up: a focus on patient- 
centered care. Obes Surg. 2017;27(3):730–6.

 18. Endevelt R, Ben-Assuli O, Klain E, Zelber-Sagi S. The 
role of dietician follow-up in the success of bariatric 
surgery. Surg Obes Relat Dis. 2013;9(6):963–8.

 19. Hatoum IJ, Stein HK, Merrifield BF, Kaplan 
LM.  Capacity for physical activity predicts weight 
loss after Roux-en-Y gastric bypass. Obesity. 
2009;17(1):92–9.

 20. Pratt KJ, Jalilvand A, Needleman B, Urse K, Ferriby 
M, Noria S.  Postoperative outcomes based on 
patient participation in a presurgery education and 

weight management program. Surg Obes Relat Dis. 
2018;14:1714–23.

 21. King WC, Bond DS. The importance of pre and post-
operative physical activity counseling in bariatric sur-
gery. Exerc Sport Sci Rev. 2013;41(1):26.

 22. Look AHEAD Research Group. Eight-year weight 
losses with an intensive lifestyle intervention: the look 
AHEAD study. Obesity. 2014;22(1):5–13.

 23. Donnelly JE, Blair SN, Jakicic JM, Manore MM, 
Rankin JW, Smith BK, American College of Sports 
Medicine. American College of Sports Medicine 
Position Stand. Appropriate physical activity inter-
vention strategies for weight loss and prevention 
of weight regain for adults. Med Sci Sports Exerc. 
2009;41(2):459–71.

 24. Schag K, Mack I, Giel KE, Ölschläger S, Skoda EM, 
von Feilitzsch M, Zipfel S, Teufel M. The impact of 
impulsivity on weight loss four years after bariatric 
surgery. Nutrients. 2016;8(11):721.

 25. Sheets CS, Peat CM, Berg KC, White EK, Bocchieri- 
Ricciardi L, Chen EY, Mitchell JE.  Post-operative 
psychosocial predictors of outcome in bariatric sur-
gery. Obes Surg. 2015;25(2):330–45.

 26. Bradley LE, Forman EM, Kerrigan SG, Butryn 
ML, Herbert JD, Sarwer DB.  A pilot study of 
an acceptance- based behavioral intervention for 
weight regain after bariatric surgery. Obes Surg. 
2016;26(10):2433–41.

 27. Jalilvand A, Dewire J, Detty A, Needleman B, Noria 
S. Baseline psychiatric diagnoses are associated with 
early readmissions and long hospital length of stay 
after bariatric surgery. Surg Endosc. 2018;25:1–6.

 28. Sogg S, Lauretti J, West-Smith L. Recommendations 
for the presurgical psychosocial evaluation of 
bariatric surgery patients. Surg Obes Relat Dis. 
2016;12(4):731–49.

 29. Calderone A, Fabio Calabro P, Lippi C, Jaccheri R, 
Vitti J, Santini F. Psychopathological behaviour and 
cognition in morbid obesity. Recent Pat Endocr Metab 
Immune Drug Discov. 2016;10(2):112–8.

 30. Paone E, Pierro L, Damico A, Aceto P, Campanile FC, 
Silecchia G, Lai C.  Alexithymia and weight loss in 
obese patients underwent laparoscopic sleeve gastrec-
tomy. Eat Weight Disord-St Anorexia Bulimia Obes. 
2017;28:1–6.

 31. Beck NN, Johannsen M, Støving RK, Mehlsen M, 
Zachariae R.  Do postoperative psychotherapeutic 
interventions and support groups influence weight 
loss following bariatric surgery? A systematic review 
and meta-analysis of randomized and nonrandomized 
trials. Obes Surg. 2012;22(11):1790–7.

 32. Ogden J, Hollywood A, Pring C.  The impact of 
psychological support on weight loss post weight 
loss surgery: a randomised control trial. Obes Surg. 
2015;25(3):500–5.

 33. Sharman M, Hensher M, Wilkinson S, Williams 
D, Palmer A, Venn A, Ezzy D.  What are the sup-
port experiences and needs of patients who 
have received bariatric surgery? Health Expect. 
2017;20(1):35–46.

24 Importance of a Multidisciplinary Approach for Bariatric Surgery



237© Springer Nature Switzerland AG 2020 
M. G. Patti et al. (eds.), Foregut Surgery, https://doi.org/10.1007/978-3-030-27592-1_25

Bariatric Surgery: Clinical 
Presentation and Evaluation

Marco Di Corpo, Francisco Schlottmann, 
and Marco G. Patti

 Introduction

Obesity is defined by the World Health Organization 
(WHO) as an excessive fat accumulation that may 
impair health [1]. It is frequently classified using the 
body mass index (BMI), defined as weight in kilo-
grams divided by the height in meters, squared, 
which provides a value in units of kg/m2. According 
to the NIH, overweight encompasses BMIs between 
25.0 and 29.9, while obesity I is defined as BMI 
between 30.0 and 34.9 and obesity II as 35–39.9. 
Patients with a BMI ≥40 are referred to as having 
extreme or morbid obesity III [2] and ≥50 kg/m2 as 
the super obese [1].

The global prevalence of obesity has risen dra-
matically in recent decades [3]. This rising has 

been described as “globesity” by the interdisci-
plinary European guidelines on metabolic and bar-
iatric surgery [4] and is currently affecting both 
developed and developing countries. Worldwide, 
the number of people who are overweight or obese 
climbed from 857 million in 1980 to 2.1 billion in 
2013 [5]. A recent study from the WHO showed 
that for overweight, rates increased from 55.9% of 
the population in 2010 to 58.7% in 2016 and for 
obesity, from 20.8% to 23.3% [6].

Obesity, in addition to causing various physi-
cal disabilities and psychological problems, has 
severe deleterious health effects, such as diabe-
tes, high blood pressure, dyslipidemia, and 
obstructive sleep apnea (OSA), among other dis-
orders [7, 8]. Because of these multiple health 
risks accompanying excess weight and the 
absence of an effective nonsurgical weight loss 
treatments, bariatric surgery has become increas-
ingly common, especially in patients with mor-
bid obesity [9]. This also was proven by the 
Swedish Obese Subjects (SOS) study, were they 
confirmed that bariatric surgery is associated 
with reduced long-term morbidity and mortality, 
considerably contributing to the evidence base 
for the increased use of surgery for morbidly 
obese patients [10, 11].

For many years, bariatric surgery has been syn-
onymous only with weight loss, but these proce-
dures have demonstrated to be effective on the 
resolution of the comorbid conditions, therefore 
assuming the role of “metabolic surgery” [12]. In 
this chapter, we will discuss the metabolic disorders 
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associated with obesity and the proper  preoperative 
workup, a cornerstone for the success of bariatric 
surgery.

 Clinical Presentation, Sequelae 
of Obesity

Obesity is associated with increased mortality. 
Each 5  kg/m2 increase in BMI above 25  kg/m2 
increases overall mortality by approximately 
30%. At 30–35 kg/m2, median survival is reduced 
by 2–4 years and at 40–45 kg/m2 by 8–10 years 
[13]. The main causes of death include ischemic 
heart disease [14], stroke [15], and diabetes- 
related complications [13]. The vicious cycle 
resulting in increased mortality in obesity 
involves insulin resistance, as well as all the com-
ponents of metabolic syndrome (i.e., hyperglyce-
mia, dyslipidemia, and hypertension).

 Metabolic Syndrome

Although several different clinical definitions for 
metabolic syndrome have been proposed, the 
International Diabetes Federation; the National 
Heart, Lung, and Blood Institute; and the 
American Heart Association have recently pro-
posed [16] that the metabolic syndrome is diag-
nosed when any three of the following five risk 
factors are present:

• Fasting plasma glucose ≥100 mg/dL or under-
going drug treatment for elevated glucose.

• HDL-C <40 mg/dL in males or <50 mg/dL in 
females or undergoing drug treatment for 
reduced HDL-C.

• Triglycerides ≥150 mg/dL or undergoing drug 
treatment for elevated triglycerides.

• Waist circumference >102  cm in males or 
>88 cm in females for people of most ances-
tries living in the United States. Ethnicity and 
country-specific thresholds can be used for 
diagnosis in other groups, particularly Asians 
and individuals of non-European ancestry 
who have predominantly resided outside the 
United States.

• Blood pressure ≥130  mm Hg systolic or 
≥85  mm Hg diastolic or undergoing drug 
treatment for hypertension or antihypertensive 
drug treatment in a patient with a history of 
hypertension.

The risk of metabolic syndrome probably 
begins before birth [17]. The Prediction of 
Metabolic Syndrome in Adolescence Study 
showed that the coexistence of low birth weight, 
small head circumference, and parental history of 
overweight or obesity places children at the high-
est risk for metabolic syndrome in adolescence 
[18]. According to the National Cholesterol 
Education Program (NCEP) criteria, the preva-
lence of metabolic syndrome in bariatric surgical 
patients is 80% [19], and there is evidence that 
surgical patients with metabolic syndrome are 
likely to develop hyperglycemia which increases 
the risk for postoperative complications includ-
ing surgical site infection [20–22].

Based on the data presented above, patient 
optimization before surgery is vital to ensure 
favorable outcomes after surgery. The impor-
tance of perioperative management of obese 
patients cannot be overemphasized.

 Type 2 Diabetes Mellitus (T2DM)

Although T2DM is a heterogeneous disease with 
causes that are yet not fully explained, obesity is 
considered the primary risk factor [23]. It has 
been estimated that the risk of developing T2DM 
is increased 93-fold in women and 42-fold in 
men who are severely obese when compared to 
healthy-weight individuals [24, 25]. Currently, 
only a small proportion of patients with T2DM 
are not overweight [26].

In the United States, only 52% of patients with 
T2DM maintain hemoglobin A1c (HbA1c) <7% 
[27]. Implementing more effective strategies to 
prevent and treat diabetes has become a top prior-
ity in twenty-first-century medicine. Preoperative 
glycemic control should be optimized using a 
diabetes comprehensive care plan, including 
healthy dietary patterns, medical nutrition ther-
apy, physical activity, and as-needed pharmaco-
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therapy. Reasonable targets for preoperative 
glycemic control, which may be associated with 
improved bariatric surgery outcomes, include a 
HbA1c value of 6.5–7.0% or less, a fasting blood 
glucose level of <110 mg/dL, and a 2-hour post-
prandial blood glucose concentration of <140 mg/
dL [28].

There is substantial evidence demonstrating 
that metabolic surgery achieves superior glyce-
mic control and reduction of cardiovascular risk 
factors in obese patients with type 2 diabetes 
compared with various lifestyle/medical inter-
ventions [29, 30]. Schauer et al. [31] conducted 
the STAMPEDE (Surgical Therapy and 
Medications Potentially Eradicate Diabetes 
Efficiently) trial , a randomized controlled trial 
involving 150 patients comparing medical ther-
apy (MT) versus Roux-en-Y gastric bypass 
(RYGB) and sleeve gastrectomy (SG) for the 
treatment of T2DM.  The primary outcome was 
HbA1 <6% with or without the use of medica-
tions. At 5 years follow-up, results were available 
in 139 patients. The primary end point was met 
by 5% of patients who received MT, compared 
with 29% of patients who underwent RYGB and 
23% of those who underwent SG (P value, RYGB 
versus MT  =  0.01; SG versus MT  =  0.03; and 
RYGB versus SG = 0.53). They concluded that 
bariatric surgery was clearly superior to MT in 
terms of glycemic control.

Recently, the American Diabetes Association 
proposed that “metabolic surgery” (involving 
procedures initially developed to treat obesity) 
should be considered as a standard diabetes 
treatment option for appropriate candidates with 
inadequately controlled type 2 diabetes and a 
BMI >30 kg/m2 or >27.5 kg/m2 for Asian indi-
viduals [32].

 Comparison Between RYGB and SG

Some other studies compared T2DM remission 
rates between SG and RYGB. Pournaras et  al. 
[33] analyzed a cohort of 1006 patients, of whom 
209 (20.7%) had T2DM, with a mean follow-up 
of 23 months. Remission was defined as a return 
to HbA1c <6%, fasting glucose <5.6 mmol/L at 

least 1 year after bariatric surgery without the use 
of hypoglycemic medications. These authors 
found that remission rates were 26% after SG and 
40.6% after RYGB. On the other hand, a recent 
systematic review, including seven randomized 
controlled trials with 732 patients, showed that 
measures of glycemic control (HbA1c and fast-
ing blood glucose levels) improved with both 
procedures, with similar improvement after lapa-
roscopic RYGB and laparoscopic SG at 
12  months postoperatively [34]. In the 
STAMPEDE trial [31], although no statistically 
significant difference between the two surgical 
groups was found for the primary end point, other 
end points such as the number of antidiabetic 
medications showed superiority of the RYGB 
over the SG.

These results have been recently substantiated 
by two randomized and multicenter trials per-
formed in Finland and in Switzerland, with large 
number of patients and 5-year follow-up. Both 
studies confirmed similar results between the 
RYGB and the SG in terms of metabolic control, 
which was improved by both procedures [35, 36].

Overall, both RYGB and SG seem to be 
equally effective in improving or resolving 
T2DM; however, long-term data are still 
lacking.

 Hypertension

Hypertension is one of the most common comor-
bidities associated with obesity and a major risk 
factor for stroke and coronary artery disease. It is 
estimated that hypertension is present in up to 
40–70% of obese patients. Despite the well- 
known correlation between obesity and hyperten-
sion, the underlying mechanisms are not fully 
understood. Insulin resistance and hyperinsu-
linemia are frequent in obese patients, and both 
play a role in elevating the blood pressure. There 
is evidence showing that hyperinsulinemia stimu-
lates the sympathetic nervous system (SNS) [37]. 
This is further supported by studies showing a 
decrease in blood pressure and SNS activity 
when insulin levels are lowered by low-energy 
diets. Renin–angiotensin–aldosterone system is 
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also activated and stimulated in obese patients 
[38]. This stimulation is a result of an increase in 
angiotensin production by adipocytes, SNS over-
stimulation by hyperinsulinemia, and high levels 
of aldosterone production by free fatty acids [39]. 
Another potential mechanism implicated in the 
pathophysiology of obesity-related hypertension 
is a decrease in natriuretic peptides [40].

Schiavon et al. [41] hypothesized that hyper-
tension improvement after bariatric surgery could 
be attributable to hemodynamic changes and 
decreased intra-abdominal pressure associated 
with weight loss. The reduction of the hyperinsu-
linemia decreases the renal sodium reabsorption 
and sympathetic tone. In addition, the reduction 
in perivascular adipocyte inflammation may help 
in reducing blood pressure by decreasing arterial 
stiffness. Interestingly, Ahmed et  al. [42] found 
reduction in systolic (9  mmHg) and diastolic 
(7 mmHg) blood pressure as early as week 1 after 
RYGB. This early drop in blood pressure before 
any significant weight loss suggests a possible 
weight-independent hormonal mechanism 
behind this effect of bariatric surgery.

 Dyslipidemia

Dyslipidemia can be present in more than 50% of 
bariatric patients [36]. Dyslipidemia creates a 
pro-inflammatory state with an increased produc-
tion of reactive oxygen species, tumor necrosis 
factor alpha, interleukin-6, and C-reactive pro-
tein. This process contributes to atherosclerosis 
by direct endothelial damage or indirectly by 
promoting other diseases such as T2DM or 
hypertension [43].

Bariatric surgery has shown to lower total 
cholesterol, low-density lipoprotein (LDL) cho-
lesterol, and triglycerides, and increase high- 
density lipoprotein (HDL) cholesterol, allowing a 
significant number of patients to discontinue 
statins and other lipid-lowering medications.

Nguyen et  al. [44] showed that 1  year after 
RYGB, mean total cholesterol levels decreased 
by 16%, triglyceride levels decreased by 63%, 
LDL cholesterol levels decreased by 31%, and 
HDL cholesterol levels increased by 39%. In 

addition, within 1 year, 82% of patients requiring 
lipid-lowering medications preoperatively were 
able to discontinue their medications.

These results have been recently confirmed by 
the two European trials previously discussed [35, 
36]. The SLEEVEPASS study showed that after 
5 years, medications for dyslipidemia were dis-
continued in 47% of patients (n = 14/30) after SG 
and in 60% of patients (n = 24/40) after RYGB 
(P = 0.15). Of the 38 patients in the whole study 
group who discontinued dyslipidemia medica-
tion, 22 had true dyslipidemia remission (LDL-C 
level <115.8 mg/dL [3.0 mmol/L] and no dyslip-
idemia medications); the remission rate was 20% 
(6/30) in the SG group and 40% (n = 16/40) in the 
RYGB group [35]. Similarly, the SM-BOSS 
study (36) showed that a complete remission was 
seen in 29 (42.6%) of 68 in the SG group versus 
33 (62.3%) of 53  in the RYGB group, 5  years 
after surgery (absolute difference, −0.19%; 95% 
CI, −0.38% to −0.003%) [36].

Despite both SG and RYGB having metabolic 
effects in obese patients, the lipid-lowering effect 
seems to be more pronounced after RYGB.  In 
fact, recent studies have shown that dyslipidemia 
resolved significantly more often after RYGB 
compared with SG [45]. This can be attributed to 
the endocrine changes that occur after RYGB 
such as an increase in adrenocorticotrophic hor-
mone, GLP, and peptide YY and a decrease in 
insulin, insulin-like growth factor-1, leptin, and 
ghrelin [43].

 Obstructive Sleep Apnea (OSA)

Obesity is a well-known risk factor for this disor-
der that has implications beyond disrupted sleep 
[46]. OSA is characterized by repetitive partial or 
complete airway collapse causing hypoxemia 
and/or hypercarbia. It is defined by overnight 
polysomnography as cessation of airflow of 
greater than 10 seconds with continued ventila-
tory effort, five or more times per hour of sleep, 
with a decrease in arterial oxygen saturation [47]. 
Signs and symptoms of OSA may include a fam-
ily report of disruptive snoring, daytime 
 sleepiness, obesity, large neck circumference, 
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systemic and pulmonary hypertension, cardiac 
arrhythmias, myocardial ischemia, ventricular 
hypertrophy, and failure [48, 49]. In addition to 
BMI, age, male sex, and smoking are well-known 
risk factors for OSA [50–53].

The prevalence of OSA can be as high as 78% 
in morbidly obese patients who present for bar-
iatric surgery [54]. Up to 80% of individuals with 
less severe forms of OSA are undiagnosed [51], 
while severe OSA is undiagnosed in approxi-
mately 10–20% of patients with BMI >35 [55]. 
Undiagnosed OSA may lead to perioperative 
complications including difficult mask ventila-
tion and/or intubation, postoperative reintuba-
tion, cardiac dysrhythmias, and increased hospital 
length of stay [20]. The Sleep Heart Health Study 
found a strong correlation between weight change 
and progression/regression of OSA (stronger 
relationship for men than women) [56]. Bariatric 
surgery is a reasonable option for weight reduc-
tion for patients with clinically severe obesity 
[57, 58].

Obesity is a complex interaction between mul-
tiple genetic, socioeconomic, and cultural factors 
that also are associated with existing or resulting 
comorbidities and their treatment. The preva-
lence of obesity continues to be high, as are asso-
ciated comorbidities and healthcare costs. Early 
intervention and effective treatment of obesity 
are needed to reduce costs and improve outcomes 
for these patients. Metabolic surgery has proven 
to offer health benefits that extend beyond weight 
loss, and most patients suffering from these dis-
orders will obtain significant improvements after 
surgery.

 Preoperative Evaluation

Preoperative care of the bariatric patient remains 
a challenging proposition because of the meta-
bolic, pharmacologic, and system-wide disorders 
that are the foundational basis for the complica-
tions that can ensue. Hence, patients should 
undergo a routine preoperative assessment with a 
comprehensive multidisciplinary group. The core 
team providing such workup should optimally 
consist of obesity-experienced specialists.

Best preoperative care will yield a compre-
hensive understanding of a patient’s medical sta-
tus as it pertains to predicted outcomes and 
psychological ability to comply with required 
postoperative recommendations for health main-
tenance and to achieve success following weight 
loss surgery.

 Patient Selection

Perhaps the most important step of the preopera-
tive process is patient selection. Many patients 
approach bariatric surgeons to help them with 
their weight without an appreciation of the need 
for preoperative physical and psychological eval-
uation, knowledge of surgical options, potential 
perioperative complications, the need for lifelong 
follow-up after bariatric surgery, and with unreal-
istic weight loss expectations. During an initial 
evaluation, a surgeon should consider if a patient 
has any hard contraindications for surgery based 
on history or physical exam. If a patient is accept-
able at that point, that only means they are accept-
able to continue the workup for bariatric surgery. 
A multidisciplinary preoperative assessment by a 
team of endocrinologists, dieticians, psycholo-
gists, and the surgeon, to evaluate and educate the 
patient, helps in appropriate patient selection and 
ensure that the patient is physically and psycho-
logically fit to undergo weight loss surgery 
(WLS).

 Patient Education

The lack of patient education leads to patient’s 
frustration with the process of preparation for 
bariatric surgery and the preoperative require-
ments proposed by the multidisciplinary team. 
In addition, patients may have unrealistic 
expectations regarding the potential periopera-
tive complications and weight loss after sur-
gery. Many patients seeking bariatric surgery 
hold unrealistic expectations, without a com-
plete understanding of the procedures and the 
subsequent long-term implications [59–61].
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Patient’s understanding of long-term conse-
quences of bariatric surgery, such as postopera-
tive lifestyle modifications, need for long-term 
follow-up, and consistent implementation of rec-
ommended postoperative regimens, facilitates a 
more informed decision-making, leading to bet-
ter outcomes.

 Medical Evaluation

A comprehensive medical evaluation entails a 
meticulous history, a thorough physical examina-
tion, and a review of the cardiovascular, pulmo-
nary, and gastrointestinal systems, as well as a 
metabolic and nutritional status assessment.

 Cardiac Evaluation

One of the essential elements of promoting safety 
in any surgical patient, but especially morbidly 
obese patients, is adequate evaluation of their 
cardiac status and cardiac risk preoperatively. 
Obesity is a well-established risk factor for car-
diovascular comorbidities including coronary 
heart disease (CHD), arrhythmias, left ventricu-
lar hypertrophy, and heart failure [62].

Calle et al. [63] ran a prospective study of over 
a million people followed for 14  years, where 
they showed that obesity was strongly associated 
with an increased risk of cardiovascular mortal-
ity. This study directly correlated CHD mortality 
risk with increasing BMI, reporting a twofold to 
threefold greater risk in individuals who had a 
BMI of 35 kg/m2 or higher compared with leaner 
persons (BMI 18.5–24.9 kg/m2).

Bariatric patients need a focused cardiac his-
tory, which should include history of coronary 
artery disease (CAD), coronary symptoms, and 
coronary risk factors (hypertension, diabetes, 
hyperlipidemia, smoking, stress, sedentary life-
style, etc.). Cardiac evaluation includes a 12-lead 
electrocardiogram, followed by assessment of 
cardiac function with stress testing. The tradi-
tional stress testing methods (e.g., treadmill exer-
cise, scintigraphic imaging) may not be feasible 
in morbidly obese patients given the weight limi-
tations of the testing equipment and the difficulty 

to accurately interpret the images owing to the 
patient’s body habitus [64, 65]. Pharmacological 
stress echocardiography, with or without ultra-
sound contrast agents, is an effective alternative 
for this patient population that can provide an 
accurate assessment of cardiac function [66, 67].

 Airway and Pulmonary Evaluation

Given that obesity is a risk factor for airway dis-
ease secondary to mechanical restriction, routine 
preoperative pulmonary function tests help assess 
the pulmonary reserve and identify those at risk 
for postoperative pulmonary complications [68]. 
OSA is common among morbidly obese patients, 
especially males, as discussed above. Recently, a 
meta-analysis including more than 1000 patients 
showed that the impact of gaining weight on pul-
monary function was greater in men than in 
women, as each kilogram gained results in a 
26  mL FVC (forced vital capacity) and 23  mL 
FEV1 (forced expiratory volume in the first sec-
ond) decrease in men versus 14- and 9-mL 
decrease, respectively, in women [69]. Knowing 
that these patients are at a higher risk for morbid-
ity and mortality, it is important to screen all 
patients for OSA before embarking on bariatric 
surgery. The most appropriate test to evaluate 
OSA is nocturnal polysomnography (PSG). 
Albeit most patients diagnosed with OSA benefit 
from continuous positive airway pressure (CPAP) 
or bilevel positive pressure preoperatively [70, 
71], it is recommended a period of preoperative 
adjustment prior to surgery, as many patients 
have trouble tolerating the face mask.

 Venous Thromboembolism (VTE) 
Evaluation

VTE, including pulmonary embolism (PE) and 
deep vein thrombosis (DVT), remains a signifi-
cant cause of mortality and morbidity after bar-
iatric surgery (72). Common factors thought to 
predispose patients to higher risk of VTE are pre-
vious history of VTE, male gender, operative 
time more than 3  hours, higher BMI, and 
advanced age [72]. The most common methods 
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of prophylaxis range from mechanical compres-
sion devices with early ambulation alone to the 
addition of chemoprophylaxis and the use of 
inferior vena cava filters [73].

A comprehensive assessment and stratifica-
tion of the risk of adverse events can inform clini-
cal decision-making and help in identifying ideal 
candidates for bariatric surgery and those that 
may require closer postsurgical monitoring.

 Psychological Support

Bariatric patients have a higher prevalence of 
psychological disorders than the general popula-
tion [74], and these psychological factors have 
been associated with worst surgical outcomes 
and recurrence of behavioral problems [75]. 
Hence, the American Association of Clinical 
Endocrinologists (AACE) and the American 
Society for Metabolic and Bariatric Surgery 
(ASMBS) recommend that assessment of bariat-
ric surgery candidates should include presurgical 
psychological evaluations [28, 76]. The preoper-
ative psychological evaluation also helps estab-
lish a trusting working relationship between the 
behavioral clinician and the patient [77]. The 
psychological evaluation includes a thorough 
clinical interview for assessment of

• Weight history
• History of eating behaviors/disorders (includ-

ing binge eating, anorexia nervosa, night eat-
ing syndrome, and compensatory behaviors)

• Current or lifetime history of mood and anxi-
ety disorders

• Cognitive functioning
• Current and past mental health treatment
• Patient knowledge and motivation for weight 

loss

 Nutritional Care and Preoperative 
Weight Loss

The management of postoperative nutrition begins 
preoperatively with a thorough assessment of the 
nutritional status and a strong educational pro-
gram [78]. Thus, the dietitian’s role is a vital com-

ponent of the bariatric surgery process and should 
be in charge of the nutritional assessment, preop-
erative weight loss efforts, and diet education 
regarding postoperative eating behaviors [79]. In 
addition, the benefits of weight loss surgery must 
be balanced against the risk of developing nutri-
tional deficiencies to provide appropriate identifi-
cation, treatment, and prevention.

Moreover, the ability for a patient to show that 
he/she can achieve some degree of weight loss 
before the operation, is generally considered a 
predictor of a patient’s postoperative compliance 
[80]. Therefore preoperative weight loss should 
not be considered in isolation when clearance for 
bariatric surgery is being considered [81]. 
Conversely, Alami et al. conducted a randomized 
trial comparing a group of patients with a preop-
erative 10% weight loss requirement and a group 
that had no weight loss requirements. The per-
centage of excess weight loss at 6 months for the 
weight loss group and non-weight loss group was 
53.9% and 50.9% (P = NS) [82].

However, preoperative weight loss should be 
strongly encouraged as it can facilitate the opera-
tion by reducing the abdominal fat and the liver 
volume (reduction in steatosis), which improves 
the access to the upper abdomen during 
 laparoscopic surgery and shortens the operative 
time [83, 84].

 Preoperative Gastrointestinal 
Imaging

 Upper GI Contrast Study

When planning to perform surgery on the upper 
gastrointestinal (GI) tract, it is reasonable to eval-
uate preexisting anatomical variations. An upper 
GI contrast swallow offers valuable information 
regarding the esophageal and gastric anatomy, 
esophageal clearance, and presence and size of a 
hiatal hernia. However, the diagnostic yield of 
these studies is low, and results rarely influence 
the planned surgical approach. Consequently, 
there is an emerging consensus that upper GI 
contrast swallow studies are not a necessary com-
ponent of the preoperative evaluation for bariatric 
surgery [85].
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 Ultrasound

Ultrasonography of the abdomen is usually done 
to detect presence of gallstones. Given the par-
ticularly high incidence of cholelithiasis in obese 
patients [86], abdominal sonography seems to be 
advisable as part of the routine preoperative 
workup. Interestingly, as a result of their habitus, 
there is a low sensitivity of abdominal ultrasound 
in morbidly obese individuals [87].

In addition, rapid weight loss induced by bar-
iatric surgery further increases the risk of gall-
stones formation [87], particularly important for 
patients undergoing Roux-en-Y gastric bypass 
because this procedure precludes the endoscopic 
exploration of the biliary tract in case of 
choledocholithiasis.

 Esophagogastroduodenoscopy (EGD)

Some centers perform EGD routinely in all 
patients; others perform EGD selectively. These 
are some of the guidelines currently followed:

• American Society of Metabolic and Bariatric 
Surgery (ASMBS) recommends to perform 
EGD in every symptomatic patient and to con-
sider it in asymptomatic ones. (Grade D – low 
level of evidence.) [28]

• American Society for Gastrointestinal 
Endoscopy (ASGE) in conjunction with the 
Society of Gastrointestinal and Endoscopic 
Surgeons (SAGES) and the American Society 
for Metabolic and Bariatric Surgery (ASMBS), 
updating the prior guideline entitled “The 
Role of Endoscopy in the Bariatric Surgery 
Patient” [88], recommend that the bariatric 
surgeon should decide to perform a preopera-
tive EGD after a thorough examination of the 
patient, taking in consideration the type of 
bariatric procedure that will be performed. 
(Low quality of evidence.) [89]

• European Association for Endoscopic Surgery 
(EAES) recommends EGD in all bariatric 
patients regardless of symptoms (Grade C  – 
low quality evidence), particularly for patients 
undergoing RYGB (Grade B  – medium- 
quality evidence) [90].

Current available data regarding the actual 
impact of preoperative EGD remains scarce. 
However, we believe that patients should sys-
tematically undergo an EGD for several reasons 
[91, 92].

• Obesity represents a risk factor for several GI 
diseases that can be detected by EGD.

• The symptomatic evaluation has limited value 
for the diagnosis of GERD, as symptoms such 
as heartburn have low sensitivity and 
specificity.

• Given the high risk of postoperative GERD 
associated with a SG, the presence of esopha-
gitis or Barrett’s esophagus should be consid-
ered a contraindication for this procedure.

• The EGD should rule out malignancy of the 
stomach before gastric bypass, as the remnant 
stomach will no longer be accessible to endo-
scopic surveillance.

 Conclusions

Obesity is associated with severe health comor-
bidities and metabolic disorders such as diabetes, 
hypertension, and dyslipidemia among others. 
Metabolic surgery has proven to offer health ben-
efits that extend beyond weight loss, and most 
patients suffering from these disorders will obtain 
significant improvements after surgery. Before 
undergoing any bariatric procedure, every obese 
patient should undergo an adequate preoperative 
workup by a multidisciplinary bariatric experi-
enced group, including medical evaluation, psy-
chological support, nutritional care, and adequate 
GI imaging. A comprehensive discussion of 
patient expectations of postsurgical weight loss, 
including the potential for weight regain, is 
strongly recommended.
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Laparoscopic Roux-en-Y Gastric 
Bypass

Francisco Laxague, Francisco Schlottmann, 
and Rudolf Buxhoeveden

 Surgical Technique

 Position of the Patient

After induction of general endotracheal anesthesia, 
the patient is positioned supine in low lithotomy 
position with the lower extremities extended on 
stirrups with pneumatic compression stockings and 
knees flexed 20–30°. Both arms are left abducted 
and secured on a board with adequate padding. 
The surgeon stands on the patient’s right side and 
the first and second assistants on the patient’s left 
side and between the legs, respectively.

Key Note Deep vein thrombosis (DVT) and 
venous thromboembolism are a major cause of 
postoperative morbidity in patients undergoing 
bariatric surgery. Besides the inherent risk for DVT 
of obese patients, the increased abdominal pressure 
secondary to the pneumoperitoneum and the steep 
Trendelenburg position decrease venous return and 
further increase the risk for DVT. Therefore, pneu-
matic compression stockings and subcutaneous 
heparin are strongly recommended.

 Pneumoperitoneum and Trocar 
Placement

A Veress needle is placed in a left subcostal 
location through Palmer’s point (3  cm below 
the left costal margin in the midclavicular line). 
Pneumoperitoneum is established using carbon 
dioxide to a maximum pressure of 12 mmHg. We 
use six ports for the procedure. A 12 mm opti-
cal port is inserted 10–12 cm below the xiphoid 
process and 2–3  cm to the left of midline. The 
remaining five ports are then placed as shown in 
Fig. 26.1.

Keynote Trocars without blade are used to 
reduce the rate of herniation. It is important to 
avoid placing the ports too low, as it makes the 
operation more challenging. The liver can be 
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retracted with a locking Allis grasper clamp or 
Endo Clinch placed through the subxiphoid 
5 mm port and secured to the right crus just ante-
rior to the gastroesophageal junction (GEJ).

 Gastric Pouch Creation

We start by removing the GEJ fat pad with the har-
monic scalpel. The angle of His is then exposed 
and dissected up to the base of the left crus. The 
gastrohepatic ligament is incised between the 
second and third branch of the left gastric artery, 
and the lesser sac is entered. The gastric sec-
tion is performed horizontally using 40–50 mm 
of a 60 mm blue load linear stapler (Fig. 26.2). 
A 36-Fr gastric lavage tube is advanced by the 
anesthesiologist to this horizontal staple line. The 
gastric section is then completed with additional 
firings of 60 mm blue loads in a vertical direc-
tion toward the previously dissected angle of 
His (Fig. 26.3). The length of the pouch should 
be approximately 6–8  cm. The gastric remnant 

staple line is inspected and reinforced with an 
absorbable running suture (e.g., polyglactin 2.0) 
to prevent bleeding.

Keynote During the creation of the gastric tun-
nel needed for placing the linear stapler, care 
should be taken to avoid injury of the splenic ves-
sels, the pancreas, or the posterior wall of the 
stomach. After creation of the gastric pouch, it is 
critical to verify the complete transection of the 
stomach to avoid communication between the 
pouch and the gastric remnant and inspect the 
staple lines to ensure hemostasis.

 Creation of Biliopancreatic 
and Alimentary Limbs

The greater omentum and the transverse colon 
are retracted cephalad in order to expose the liga-
ment of Treitz and the inferior mesenteric vein. 
The jejunum is divided 60 cm (BMI < 50 kg/m2) 
or 100 cm (BMI > 50 kg/m2) distal to the liga-
ment of Treitz using a white load linear stapler. 
We mark the biliopancreatic limb with a metallic 
clip to avoid an error when choosing the limb that 
needs to be sutured to the pouch. The alimentary 
limb is then raised with the stapler line orientated 
toward the left upper quadrant in an antecolic 
antegastric manner.

Keynote If the greater omentum is thick and 
bulky, it should be divided vertically using the 
harmonic scalpel to facilitate bringing the Roux 
limb up to the gastric pouch. Obtaining a tension- 
free alimentary limb is key to prevent complica-
tions of the anastomosis. In extreme cases in 
which the division of the omentum is insufficient 
to release tension, the Roux limb should be 
placed in the retrocolic–retrogastric position.

 Gastrojejunostomy

A gastrostomy at the distal end of the gastric 
pouch just under the staple line is done with the 
harmonic scalpel. An enterotomy is then per-
formed with the harmonic scalpel on the anti- 

Fig. 26.2 Horizontal gastric section

Fig. 26.3 Gastric pouch creation
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mesenteric border of the alimentary limb 4–5 cm 
away from the stapled end. A side-to-side gas-
trojejunostomy is created with a blue load linear 
stapler. We recommend inserting no more than 
3 cm of the stapler to create a small anastomosis 
(Fig. 26.4). The 36-Fr tube is passed through the 
anastomosis, and the anterior wall is then closed 
with two layers of running suture using absorb-
able material (e.g., polyglactin 2.0) (Fig. 26.5).

Keynote The 36-Fr tube enables us to calibrate 
the anastomosis and avoid suturing the posterior 
wall inadvertently. A methylene blue test or a 
pneumohydraulic test is recommended to rule out 
leaks from the anastomosis.

 Jejunojejunostomy

A 120 cm (BMI  <  50  kg/m2) or 150  cm 
(BMI  >  50  kg/m2) Roux limb is measured to 
determine the site of the anastomosis. The site 
chosen for the anastomosis is brought into appo-

sition to the proximal jejunum with the stapled 
end of the biliopancreatic limb oriented toward 
the patient’s right side and cephalad to the dis-
tal Roux limb. Enterotomies are performed using 
the harmonic scalpel at the anti-mesenteric bor-
der of both limbs. A white 60 mm linear stapler 
is inserted to its full length into both enteroto-
mies to create a side-to-side jejunojejunostomy 
(Fig. 26.6). The enterotomy is then closed in one 
layer by running an absorbable suture (e.g., poly-
glactin 3.0).

Keynote The mesentery of both limbs should be 
properly aligned without twists when performing 
this anastomosis. If any area of separated serosa 
is noticed in the anastomosis, it should be approx-
imated with Lembert sutures. An “anti-torsion” 
stitch between the two limbs of the bowel is use-
ful to prevent future kinking of the anastomosis.

 Closure of Mesenteric and Petersen 
Defect

The mesenteric defect is closed in a running, 
locking fashion toward the root of the mesentery 
with nonabsorbable suture material (e.g., polyes-
ter 2.0). The Petersen space, limited posteriorly 
by the transverse colon and anteriorly by the ali-
mentary limb, should be also closed with nonab-
sorbable suture material.

Keynote Internal hernias are a frequent cause of 
reoperation after a laparoscopic RYGB. The clo-
sure of the mesenteric and Petersen defects is key 
to prevent this complication.

Fig. 26.4 Side-to-side gastrojejunostomy

Fig. 26.5 Final configuration of gastrojejunostomy

Fig. 26.6 Side-to-side jejunojejunostomy
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 Technical Controversies in Roux- 
en- Y Gastric Bypass

 Gastric Pouch Size

The association between pouch size and postop-
erative outcomes remains under debate. Roberts 
et  al. [1] found that a small gastric pouch was 
associated with better excess weight loss after 
1  year, suggesting that efforts to standardize a 
small pouch size were important for the success 
of the procedure. However, other studies did not 
find such correlation. For instance, Topart and 
colleagues [2] evaluated the gastric pouch size 
with a barium swallow on 132 patients and found 
that those patients with a large pouch had similar 
weight loss compared to those with a normally 
sized pouch. Similarly, Madan et al. [3] described 
that larger pouches still resulted in a high rate of 
success after laparoscopic Roux-en-Y gastric 
bypass (LRYGB).

A study using the Scandinavian Obesity 
Surgery Registry included 14,168 patients who 
underwent LRYGB with linear stapled gastro-
jejunostomies. The mean length of stapler used 
for the pouch was 145  mm. Although the rela-
tive risk of marginal ulcers increased by 14% for 
each centimeter of stapler used for the pouch, the 
size of the pouch did not predict better weight 
loss at 1 year [4]. Overall, a small pouch would 
reduce the risk of marginal ulcers but would not 
be a good predictor of weight loss.

 Gastrojejunostomy Technique

There are different gastrojejunal anastomosis tech-
niques: hand-sewn (HSA), circular-stapled (CSA), 
and linear-stapled (LSA). Whether one technique 
is superior to the other remains under debate. 
Lee et  al. [5] analyzed 426 patients who under-
went LRYGB, 174 with HSA, 110 with CSA, 
and 142 with LSA, and compared stricture rates 
and weight loss between the different groups. The 
study found no significant difference in the rate of 
strictures between the three techniques, although 
the LSA group had the lowest requirement for 
postoperative dilatation. Weight loss was similar 

between the three anastomotic techniques [5]. 
Jarry and colleagues [6] analyzed 51 patients with 
LSA and 53 with HSA and found that there was no 
significant difference between the two groups with 
respect to mortality, conversion, early reoperation, 
surgical complications, leakage, stricture, and bar-
iatric results. However, HSA was associated with 
shorter operative time and lower costs [6]. Finally, 
a meta-analysis comprising eight studies with 
1321 patients compared LSA versus CSA and 
found that LSA was associated with a reduced risk 
of anastomotic stricture and wound infection, as 
well as a shorter operative time [7].

The Roux limb route could also affect the 
stricture rate after LRYGB.  Ribeiro-Parenti 
et  al. [8] compared the stricture rates between 
the antecolic and the retrocolic gastrojejunos-
tomy. They included 1500 patients who under-
went LRYGB; 572 had an antecolic and 928 a 
retrocolic gastrojejunostomy, respectively. A 
significant lower gastrojejunal stricture rate was 
observed in the retrocolic group, as compared to 
the antecolic group (1.5% vs. 6.5%, p < 0.0001), 
with no increase in the incidence of internal her-
nia when the mesenteric defect was closed [8].

 Alimentary and Biliopancreatic Limb 
Length

Many studies showed the association between the 
limbs length and the improvement of metabolic 
disorders and weight loss. Pinheiro et al. random-
ized 105 patients with a BMI ≥50 kg/m2 in two 
groups: group 1 with a 50 cm biliary limb and a 
150 cm Roux limb and group 2 with a 100 cm 
biliary limb and a 250 cm Roux limb. They found 
that patients with longer biliary and Roux limbs 
achieved greater type 2 diabetes control, greater 
lipid disorder improvement, and a faster excess 
weight loss [9]. Palha et  al. [10] showed that a 
longer biliopancreatic limb length achieved a dis-
tinctive incretin cell pattern at the gastrojejunal 
anastomosis that could result in better endocrine 
profiles with reduced insulin resistance.

A retrospective study including 768 
patients who underwent LRYGB compared the 
 complication rates and weight loss between 
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patients with a short alimentary limb (100 cm) or 
a long one (150 cm). Overall complication rates 
and weight loss were comparable in both groups 
[11]. A randomized clinical trial evaluated the 
effect of different limb lengths on weight loss after 
gastric bypass and concluded that in patients with 
a BMI ≤50 kg/m2, there was no advantage with 
longer limb lengths. In patients with BMI >50 kg/
m2, however, longer alimentary limb lengths were 
associated with a higher percentage of patients 
achieving >50% excess weight loss [12].

 Mesenteric Defect Closure

Internal hernias are more common following 
LRYGB than open gastric bypass [13], and the 
majority occur after a significant (>50%) excess 
weight loss [14]. This complication should be 
suspected in all patients with intense abdominal 
pain after a LRYGB.

Brolin et  al. [15] analyzed 872 consecu-
tive LRYGB patients; the first 654 patients had 
an incomplete mesenteric closure, while the 
remaining 218 had a complete closure. Complete 
closure of the mesenteric defect resulted in a 
significant reduction in internal mesenteric her-
nias (0.5 vs. 2.6%). A randomized control trial 
included 105 patients undergoing laparoscopic 
antecolic RYGB and randomized the sample in 
two groups: closed mesenteric defect (n = 50) or 
open mesenteric defect (n  =  55). Interestingly, 
closure or non-closure of the jejunal mesenteric 
defect following LRYGB resulted in equivalent 
internal hernia and complication rates [16].

 Hiatal Hernia Repair in Gastric Bypass

Hiatal hernia is a common entity in obese people, 
with an incidence that ranges from 20 to 53% 
[17]. Hiatal hernia repair (HHR) has been mostly 
studied in patients undergoing sleeve gastrec-
tomy because of the strong association between 
this procedure and postoperative gastroesopha-
geal reflux disease [18]. However, patients with 
large hiatal hernias undergoing LRYGB could 
also benefit from HHR [19].
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Sleeve Gastrectomy

Nabeel R. Obeid and Justin B. Dimick

 Introduction

Morbid obesity remains a population health crisis 
in the United States and other countries around 
the world [1]. Options for treatment include 
lifestyle modification with dietary counseling 
and physical activity, endoscopic therapies, and 
bariatric/metabolic surgery. Bariatric surgery is 
well established as the most durable and effective 
treatment for the chronic disease that is obesity 
[2]. Surgical options include Roux-en-Y gastric 
bypass (RYGB) and sleeve gastrectomy (SG), 
among other less commonly performed proce-
dures such as adjustable gastric banding or bil-
iopancreatic diversion with duodenal switch [3].

Laparoscopic sleeve gastrectomy is currently 
the most commonly performed bariatric pro-
cedure. What is now performed as a primary, 
stand- alone surgery was once part of a staged 
operative approach for the treatment of obesity, 
particularly for patients with super obesity [4]. 
The sleeve gastrectomy was the first stage of a 
two-stage operation that began with a longitu-
dinal gastrectomy followed by a biliopancreatic 

diversion with duodenal switch. It soon became 
apparent that outcomes following the initial 
longitudinal gastrectomy, including weight loss 
and comorbidity resolution, were quite effec-
tive, and eventually the procedure became a rec-
ognized primary operation for the treatment of 
obesity [5].

 Preoperative Planning

Patients considering bariatric surgery generally 
undergo thorough preoperative evaluations and 
testing. This begins with a complete medical his-
tory and physical examination, as well as com-
prehensive nutrition evaluation and counseling. 
Patients also routinely undergo psychological 
assessment and are referred for therapy as indi-
cated. Laboratory testing and further medical 
workup depend on individual patient factors, 
including presence of obesity-related comorbid 
conditions.

Foregut evaluation before bariatric surgery 
is not uniform. Endoscopic evaluation with 
an esophagogastroduodenoscopy (EGD) and 
radiographic evaluation with upper gastroin-
testinal series (UGIS) have both been utilized 
for assessment of pathology, most notably for 
hiatal hernias, esophagitis, masses, or mucosal 
alterations. Some surgeons perform these tests 
on a selective basis, while others will point to 
the high rate of pathology found in bariatric 
surgical patients, thus favoring routine fore-
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gut evaluation. D’Silva et  al. demonstrated 
abnormal pathology, such as hiatal hernia, 
esophagitis, Barrett’s esophagus (BE), pres-
ence of H. pylori, erosions, or polyps, in 79% 
of pre-bariatric surgery patients [6]. Many of 
such patients are asymptomatic, with a poor 
correlation between presence of symptoms and 
pathologic findings, some of which may alter 
management strategies [7]. Ultimately, the 
decision for routine versus selective evaluation 
of the foregut prior to bariatric surgery remains 
at the discretion of the surgeon and unless the 
patient has a high risk of harboring suspected 
pathology (e.g., symptoms consistent with a 
hiatal hernia).

There remains significant controversy in the 
area of pre-surgical evaluation of gastroesopha-
geal reflux disease (GERD) in the bariatric 
surgery candidate. An EGD is generally recom-
mended for patients with active reflux symptoms 
to evaluate for mucosal pathology (esophagitis or 
BE) or lesions. The threshold to perform a thor-
ough workup for reflux disease and the extent 
of such workup remain variable. For those with 
severe or intractable reflux, there is literature to 
support a complete evaluation including manom-
etry and ambulatory pH monitoring, both to 
confirm the presence or absence of GERD and 
to guide the choice of surgical procedure [8, 9]. 
This may aid in avoiding long-standing increased 
acid exposure to the esophagus, particularly after 
sleeve gastrectomy [10]. While many will advo-
cate for choosing Roux-en-Y gastric bypass in 
this setting, this workup may demonstrate integ-
rity of the lower esophageal sphincter and lack 
of true GERD, potentially altering the decision-
making process.

Immediately preceding the date of surgery, 
patients are generally instructed to follow a very 
low-calorie diet (VLCD), effectively decreasing 
visceral adiposity and liver size with resultant 
decrease in perioperative morbidity [11, 12]. The 
VLCD usually spans a range of 1–4 consecutive 
weeks, often depending on the patient’s preop-
erative body mass index (BMI) and presence of 
fatty liver disease.

 Technical Elements

Perioperative pathways are becoming more com-
mon in bariatric practices, including anesthesia 
protocols for minimization of opioid analgesia 
and postoperative nausea and vomiting. In addi-
tion, pharmacologic and mechanical prophylaxis 
for venous thromboembolism (VTE) is routinely 
administered.

Standard laparoscopy setup for upper abdomi-
nal procedures is employed. Patient positioning 
may be supine or with split-leg configuration. 
Monitors are placed at the head of the table for 
direct view. The stomach should be decom-
pressed, either with an orogastric tube, an 
endoscope, or a bougie with suction capability. 
Access to the peritoneal cavity for insufflation 
can be achieved in numerous ways, including 
with Veress needle entry at Palmer’s point in the 
left upper quadrant, optical trocar entry, or open 
Hason technique, although the latter can be dif-
ficult due to habitus with thick abdominal wall.

The operation commences with mobilization 
of the greater curvature of the stomach, start-
ing at a point across from the incisura angularis 
(Fig. 27.1). The mobilization is usually directed 
proximally first, making sure to expose the short 
gastric vessels and splenic hilum at the proxi-
mal fundus (Fig.  27.2). The dissection usually 
requires ligation/division of the proximal-most 
short gastric vessel in order to fully expose the 

Fig. 27.1 Mobilization of the greater curvature of the 
stomach (photo courtesy of Nabeel R. Obeid, MD)
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left crus of the diaphragm. The angle of His 
should be fully mobilized off the diaphragm 
and the gastroesophageal fat pad identified. 
Assessment for the presence of a hiatal hernia 
generally occurs at this time and, if identified, 
may require circumferential hiatal dissection 
(Fig. 27.3). Intraoperative evaluation of a hiatal 
hernia remains quite variable in terms of ana-
tomic features used to diagnose and threshold for 
performing a full dissection.

With the proximal stomach fully mobilized, 
the dissection continues distally toward the pylo-
rus (Fig. 27.4). The greater curvature is mobilized 
to a point 4–6  cm proximal to the pylorus, and 
this serves as the starting point for the longitu-
dinal staple line. The surgeon should assess for 

retro-gastric adhesions (Fig. 27.5), which should 
be lysed sharply to avoid kinking, twisting, or 
difficulty with stapling. While technique may 
vary, it is generally advisable to position the siz-
ing device along the lesser curvature across the 
distal stomach toward the duodenum (Fig. 27.6). 
This will help avoiding excessive narrowing at 
the incisura angularis. The sizing device may be a 
bougie or endoscope that is at least 34 Fr in diam-
eter, although some studies have demonstrated a 
decreased incidence of leak with bougie size of 40 
Fr compared to smaller sizes, without a difference 
in weight loss outcomes [13, 14]. Stapling is per-
formed with a linear cutting–stapling device, pro-
gressing from a distal to proximal direction along 

Fig. 27.2 Mobilization of the gastric fundus at the 
splenic hilum with division of the short gastric vessels 
(Photo courtesy of Nabeel R. Obeid, MD)

Fig. 27.3 Hiatal dissection with reduction of the hiatal 
hernia (Photo courtesy of Nabeel R. Obeid, MD)

Fig. 27.4 Distal gastric mobilization along the greater 
curvature (Photo courtesy of Nabeel R. Obeid, MD)

Fig. 27.5 Retrogastric adhesions (Photo courtesy of 
Nabeel R. Obeid, MD)
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the sizing device (Fig.  27.7). This may be per-
formed with or without staple line reinforcement 
(SLR). While controversial, there is evidence to 
suggest that SLR reduces the rate of hemorrhagic 
events without altering the leak rate [15]. Once 
this is completed (Fig.  27.8), the specimen is 
removed, and an intraoperative leak test may be 
performed, either with air insufflation or dye.

 Postoperative Care

Key concepts for recovery after gastrointestinal 
surgery are employed, including early ambula-
tion, use of incentive spirometry, and monitoring 

voids. Early initiation of diet with advancement 
as tolerated has been shown to be safe and effec-
tive in prompt recovery after gastrointestinal 
surgery [16]. Specifically, post-bariatric surgery, 
this takes the form of initiation of bariatric clear 
liquids with advancement to bariatric full liquids 
by postoperative day 1 and has been shown to 
decrease length of stay without increasing mor-
bidity [17]. Antiemetic use is important in the 
bariatric surgical population, as postoperative 
nausea and vomiting (PONV) are seen not infre-
quently. Aggressive regimens to combat PONV 
have been shown to be effective in reducing 
symptoms and decreasing length of stay [18, 19]. 
Such regimens may include perioperative admin-
istration of ondansetron, dexamethasone, and/or 
prophylactic placement of transdermal scopol-
amine patch.

Opioid reduction helps with decreasing 
PONV, and therefore a multimodal approach to 
postoperative analgesia is most effective. Local 
anesthetics employed at the time of surgery, 
sometimes in the form of transversus abdominis 
plane blocks, combined with nonsteroidal anti- 
inflammatory medications, acetaminophen, and 
opioids, appear to be an effective strategy. The 
American Society for Metabolic and Bariatric 
Surgery (ASMBS) has developed perioperative 
pathways as a resource for evidence-based peri-
operative management of the bariatric patient, 
and have published a pathway for sleeve gastrec-
tomy [20].

Fig. 27.6 Placement of the bougie calibration tube along 
the lesser curvature of the stomach (Photo courtesy of 
Nabeel R. Obeid, MD)

Fig. 27.7 Longitudinal transection of the stomach using 
a linear cutting stapler along the calibration tube (Photo 
courtesy of Nabeel R. Obeid, MD)

Fig. 27.8 Completed sleeve gastrectomy (Photo courtesy 
of Nabeel R. Obeid, MD)

N. R. Obeid and J. B. Dimick



259

Routine use of postoperative radiological 
upper gastrointestinal series (UGIS) to assess for 
leak has fallen out of favor, especially following 
sleeve gastrectomy. The vast majority of these 
tests are negative, and patients who subsequently 
develop leaks in the first 2–3  weeks following 
surgery may have had a normal UGI [21]. Vital 
sign derangements and clinical factors, such as 
fever, tachycardia, leukocytosis, or elevated pain 
scores, may serve as screening tools to guide 
selective use of UGIS to investigate for leak. In 
addition, UGI may be ordered to evaluate for 
obstruction or twisting of the sleeve in patients 
with persistent emesis or dysphagia.

 Outcomes

Weight loss is a primary outcome measure fol-
lowing bariatric surgery. There have been sev-
eral long-term studies (>5 years follow-up data) 
and meta-analyses specifically focused on the 
 effectiveness of sleeve gastrectomy for weight 
loss. Percent excess weight loss (EWL) and 
total weight loss (TWL) are common parameters 
reported in the literature, and long-term studies 
show weight loss following sleeve gastrectomy 
in the range of 53–76% EWL and 24–26% TWL 
[22–26]. Preoperative BMI has been shown to 
be a predictor of weight loss success following 
bariatric surgery, with lower preoperative BMI 
associated with greater percentage of weight 
loss [27]. Other factors, such as age and pres-
ence of hypertension or diabetes, also seem to 
accurately predict postoperative weight loss [28]. 
Weight regain or inadequate weight loss remain 
challenges, estimated to occur in approximately 
28% of sleeve gastrectomy cases long term with 
a range of 14–37%, but rates are highly incon-
sistent in the bariatric surgical literature due to 
nonuniform definitions and methods of reporting 
[29, 30].

Improvement or remission of obesity-related 
comorbidities remains an important aspect of 
metabolic/bariatric surgery. Rates of diabetes 
remission have been reported to be around 70% 
overall, regardless of preoperative BMI, and varies 
among procedure type (89% with biliopancreatic 

diversion, 77% after RYGB, and 60% following 
SG) [31]. Five-year data from a randomized trial 
revealed bariatric surgery with intensive medical 
therapy was more efficacious in treating hyper-
glycemia than medical therapy alone [32]. There 
are now several scoring systems available that 
surgeons may use to help predict the probability 
of diabetes remission following bariatric surgery 
[33, 34]. Nondiabetic comorbid conditions also 
seem to improve in the post-bariatric surgery 
patient. Obstructive sleep apnea (OSA) is quite 
common in patients with morbid obesity, and 
sleeve gastrectomy has been objectively shown 
to significantly improve OSA using the modified 
Epworth Sleepiness Scale questionnaire (92% 
improvement) and apnea–hypopnea index (81% 
improvement) [35]. Nonalcoholic fatty liver dis-
ease (NAFLD) is increasing in prevalence, and 
bariatric surgery, including sleeve gastrectomy 
specifically, has been shown to induce histological 
improvement in liver fibrosis, therefore gaining 
significant traction as an indication for bariatric 
surgery [36–39]. Nontraditional conditions such 
as pulmonary hypertension and interstitial lung 
disease no longer appear to be contraindications 
and actually have been demonstrated to improve 
following bariatric surgery, which may positively 
affect candidacy for lung transplantation [40, 41].

Overall rates of morbidity are low, with a 
2–3% rate of 30-day major adverse events fol-
lowing sleeve gastrectomy [42]. Early complica-
tions were found to occur at a lower rate among 
those undergoing SG as compared to RYGB 
[43]. Thirty-day readmission was noted to be 
lower among SG patients as well (3.8 vs. 6.1% 
for RYGB), with the most common reasons being 
nausea, vomiting, and dehydration [44]. A recent 
meta-analysis reviewed randomized controlled 
trials for rates of late postoperative complica-
tions and found a lower rate of major and minor 
complications for SG versus RYGB, as well as a 
greater reduction in need for additional interven-
tions, although none of these reached statistical 
significance [45]. Sleeve gastrectomy may be 
performed safely as a reoperative procedure for 
failed adjustable gastric banding and has a bet-
ter risk profile when performed as a single-stage 
conversion as compared to band to RYGB [46].
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Using the Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program 
(MBSAQIP) database, reported rates of 30-day 
mortality was 0.1% for SG and 0.2% for RYGB, 
as well as lower unplanned intensive care unit 
admissions or reoperation for those undergoing 
sleeve gastrectomy [47]. Moreover, in a large, 
population-based study, obese patients who had 
not undergone bariatric surgery had a higher 
risk of all-cause mortality compared to patients 
who had bariatric surgery, with an adjusted haz-
ard ratio of 2.02 over a median follow-up of 
4.5 years [48].

 Management of Complications

While bariatric surgery has a very favorable risk 
profile, there are particular perioperative events 
that may cause significant patient morbidity or, 
in rare circumstances, mortality. Bleeding can 
occur following sleeve gastrectomy, most com-
monly from the longitudinal staple line, although 
other sources of bleeding can include the cut 
edge of the mesentery, splenic hilar vessels, dia-
phragmatic vessels, or parenchymal injuries to 
the spleen or pancreas. Rates of postoperative 
bleeding are estimated to be around 0.5–2%, a 
minority of which may require reoperation [49]. 
Technique appears to play a partial role in pre-
vention of staple line leaks, with multiple studies 
demonstrating a reduction in postoperative hem-
orrhage with the use of staple line reinforcement 
[50, 51].

Gastric leak following sleeve gastrectomy 
remains one of the most feared complications. 
Due to the configuration of the longitudinal gas-
trectomy, the intraluminal pressure of the sleeve 
increases relative to a normal stomach, and the 
most proximal extent of the staple line appears 
to be most vulnerable to leak. Oftentimes, a 
distal stricture or twisting related to improper 
technique, ischemia, or other factors may be 
found in association with sleeve leaks. Overall 
leak rate has been reported to be in the range of 
0.3–3%, and operative technique may play a role, 
as some studies found oversewing of the staple 
line resulted in fewer leaks, while others showed 

staple line reinforcement to improve outcomes 
[52, 53]. The primary goal of treatment remains 
control of intra-abdominal sepsis, which may be 
achieved with percutaneous drainage or early sur-
gical exploration, as well as parenteral antibiotics 
and enteral nutrition. In certain circumstances, 
depending on the acuity, character, and location 
of the leak, advanced endoscopic interventions 
such as internal drainage, stenting, clipping, or 
sewing may be options. For chronic, nonhealing 
leaks, conversion to a Roux-en-Y configuration 
may be considered. During workup of a sleeve 
leak, if a distal obstruction is encountered, it is 
paramount to address and treat this in order to 
facilitate healing of the leak. Options include 
endoscopic dilation or stenting depending on the 
nature of the obstruction or conversion to Roux-
en-Y gastric bypass.

Those undergoing bariatric surgery are at 
increased risk for venous thromboembolic (VTE) 
events due to risk factors such as diabetes mel-
litus, hypertension, and venous stasis, in addi-
tion to obesity, although they occur infrequently 
with a reported incidence of 0.2–3.5% range [54, 
55]. Risk also varies with procedure type, with 
sleeve gastrectomy carrying a higher risk than 
gastric bypass [56]. Pulmonary embolism (PE) is 
the leading cause of mortality following bariatric 
surgery and therefore remains a significant focus 
on quality improvement and patient safety initia-
tives [57]. In addition, the vast majority of VTE 
events occur post-discharge from inpatient hospi-
talization, usually within 30 days of surgery [58]. 
A unique but now well-recognized VTE event is 
porto-mesenteric vein thrombosis (PVT). There 
is a paucity of literature on this adverse event, but 
the overall incidence is estimated to be less than 
0.5% among all bariatric procedures, with the 
highest rate following sleeve gastrectomy [59]. 
The mainstay of therapy is systemic, therapeutic 
anticoagulation.

Evidence-based protocols are becoming wide-
spread among bariatric surgery programs to help 
mitigate the risk of VTE. Aggressive prophylaxis 
is an integral part of these pathways and gener-
ally includes lower extremity compression with 
sequential compression devices (SCDs), early 
ambulation, and pharmacologic prophylaxis. 
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Unfractionated (UH) and low-molecular-weight 
heparins (LMWH) are commonly used, though 
LMWH is generally preferred due to low-level 
evidence that suggests a greater reduction in VTE 
rates without increased risk of bleeding compared 
with UH [60]. There are now several  validated 
risk calculators readily available as smartphone 
apps that help to predict the individualized risk of 
VTE and also assist in making recommendations 
for post-discharge chemoprophylaxis for those at 
highest risk.

Gastroesophageal reflux disease following 
sleeve gastrectomy remains an area of intense 
investigation. Many surgeons propose significant 
preoperative reflux as a relative contraindication 
to sleeve gastrectomy due to concern regarding 
exacerbation of GERD following the proce-
dure. Others maintain that reflux symptoms may 
improve with weight loss following sleeve gas-
trectomy and therefore should not be considered a 
contraindication. The incidence and significance 
of post-sleeve GERD (including esophagitis and 
Barrett’s esophagus), as well as the approach to 
evaluation and management, remain controver-
sial at present time. Reflux symptoms following 
sleeve gastrectomy have been studied sparingly, 
but a retrospective review from a single cen-
ter using the validated GERD Health- Related 
Quality of Life (GERD-HRQL) survey demon-
strated new-onset heartburn to be present among 
47% of their cohort, as well as increased rates 
of dysphagia and regurgitation [61]. This study 
also concluded that, in their analysis, none of 
the preoperative variables were able to predict 
de novo or worsening of reflux in the postop-
erative period. Other studies have demonstrated 
the opposite effect, with improvements in reflux 
symptoms following sleeve gastrectomy [62].

Physiologic changes following sleeve gastrec-
tomy have been demonstrated based on objec-
tive analysis with pH studies and high-resolution 
manometry, reporting an increase in esophageal 
acid exposure and decrease in lower esophageal 
sphincter (LES) pressure [63]. Another study 
correlated the LES distensibility with post-sleeve 
gastrectomy GERD symptoms and found that, 
while the LES was weakened post-procedure, 
there was no predictable correlation to the 

change in reflux symptoms, arguing that post-
sleeve GERD has a multifactorial etiology [64]. 
To determine rates of esophagitis and Barrett’s 
esophagus following sleeve gastrectomy, one 
group performed routine endoscopic surveillance 
at 1 month and 1 year, followed by annually on 
a selective basis [65]. Those experiencing reflux 
symptoms were placed on proton pump inhibi-
tor therapy during their follow-up surveillance 
(100% follow-up at 1 year, declining over time to 
29% at 5+ years). They reported a 15.5% rate of 
esophagitis and 1.2% rate of Barrett’s esophagus 
based on histological examination.

Prevention of post-sleeve reflux by surgical tech-
nique has been described, with specific data suggest-
ing routine circumferential hiatal dissection during 
sleeve gastrectomy may in fact be a risk factor for 
the development of post-sleeve GERD [66]. Most 
would agree that initial treatment for post-sleeve 
reflux would be initiation of proton pump inhibitor 
(PPI) therapy, and previous literature suggests that 
patients generally have a favorable response to this 
in the majority of cases [67]. For those patients that 
do not respond to PPI therapy or prefer alternative 
options, several interventions exist. The traditional 
approach has been to convert refractory reflux after 
sleeve gastrectomy to Roux-en-Y gastric bypass, 
which still serves as a viable and often-used option 
with great success. Other interventions that are 
in variable stages of experience and acceptance 
include endoscopy radiofrequency ablation to 
the LES or laparoscopic placement of a magnetic 
sphincter augmentation device, which seems to 
have promising early results [68].
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Laparoscopic Duodenal Switch

Michel Gagner

 The Evolution

Morbid obesity and type-2 diabetes are now 
recognized as one of the main challenges of the 
twenty-first century. Although their origin maybe 
multifactorial, genetic components are probably 
the main defects, and surgery is now considered 
an accepted treatment leading to meaningful, 
life-lasting, favorable impact in this population.

Duodenal switch is the version 2.0 from the 
intervention proposed by Dr. Nicola Scopinaro, 
the biliopancreatic diversion with distal gas-
trectomy BPD performed in Genoa in 1979 
[1]. Bile and pancreatic secretions are diverted 
and shunted away from the stomach, with a 
duodenal switch, rediscovered to decrease bili-
ary reflux by Tom DeMeester et al. in 1987, an 
amelioration from the older Mann–Williamson 
procedure [2]. The gastrectomy technique was 
modified in 1988–1990, to perform a longitudi-
nal gastrectomy (instead of a distal gastrectomy), 
in which the greater curvature was removed, 
leaving the lesser curve and vagal innervation, 
antrum and pylorus, and at a fair distance from 

the gastroesophageal junction. On the intestinal 
side, the common channel length was increased 
from 50  to 100  cm, [3, 4] therefore leaving an 
alimentary limb of 150 cm and leaving a length 
of biliopancreatic limb, anywhere from 100 to 
350 cm. Dr. Douglass Hess from Ohio has used 
a percentage from the total intestinal length, an 
impractical way to collect data in the long term, 
basically making the common channel at 10% of 
the total small bowel, and alimentary limb with 
common channel at 40%. The first laparoscopic 
duodenal switch (DS), by Dr. Michel Gagner, 
was performed on July 2, 1999, at the Mount 
Sinai Hospital in New York City and published in 
2000 [5]. These efforts had been supported prior 
to that from an animal study, using the porcine 
model at the research institute of Mount Sinai 
School of Medicine, with the help of Dr. Gregg 
Jossart and Dr. John DeCsepel who were clinical 
and research fellows at the time [6]. We have now 
reached a worldwide experience of 20 years for 
the laparoscopic DS.

What was described laparoscopically, included 
first a sleeve gastrectomy which provided mini-
mal to moderate restriction, maintaining gastric 
emptying but most importantly decreased acid 
production to reduce the yield of marginal ulcers 
frequently seen in classic BPD operations: They 
had a gastroileostomy with a large gastric pouch 
of at least 200 ml, which in BPD had no gastric 
retention leading to severe dumping syndromes 
[7, 8]. However, gastric emptying and intestinal 
transit time after laparoscopic sleeve gastrectomy 
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have been shown to be accelerated, by 20–50%. 
Secondly, the 150 cm alimentary limb and 100 cm 
common channel total an absorption length of 
250 cm and decreases overall caloric absorption. 
Thirdly, the 100  cm common channel, where 
food mixes with biliopancreatic juices, results 
in diminished protein and fat absorption, which 
I like to call hypoabsorption, since the absorp-
tion mechanisms are intact, rather than awk-
wardly stating “malabsorption.” Laparoscopic 
DS has also evolved recently, into a version 3.0, 
with a simpler procedure called SADI, for single 
anastomosis duodeno- ileostomy, where a loop of 
ileum at 250–300 cm is anastomosed at the pylo-
rus, but with out a Roux connection, avoiding an 
ileoileostomy [9]. This will not be discussed in 
this chapter, as it is an entirely new set of prelimi-
nary data involved.

 The Technical Elements

The surgeon may stand on the right side or 
between the patient’s legs and the assistant to the 
left side, except for the intestinal part of the pro-
cedure where both are on the patient’s left. The 
first 12 mm trocar is then placed in the umbili-
cus, for a 30° laparoscope. Two 12 mm ports are 
placed at the same level in the left and right upper 
quadrants. Additional 5 mm ports are placed, in 
the epigastria for a liver retractor, one in the left 
subcostal area for the assistant and one in the left 
lower quadrant for the intestinal part of the pro-
cedure. The short gastric vessels and branches 
from the gastro-epiploic arcade are divided 
off from the greater curvature, using ultrasonic 
shears, from about 6 cm proximal to the pylorus 
up to the angle of His.

The assistant forceps are placed on the lateral 
antrum from the left subcostal port, applying a 
left and upward traction, giving an excellent duo-
denal exposure. The pylorus is identified, and 
the peritoneum at the inferior and superior edge 
of the duodenum is opened, the gastroduodenal 
artery serving as a lateral limit of the transection 
and dissection.

This is called the inferior approach, which con-
sists in a complete mobilization of the inferior and 

posterior attachments of the duodenum. The infe-
rior antrum, pylorus, and first part of the duode-
num are isolated using ultrasonic sears and clips. A 
window is then created on the upper aspect of the 
duodenum, to accommodate the anvil of a 60 mm 
linear stapler with a blue cartridge, and most often 
I use staple line reinforcement using an absorbable 
membrane, decreasing bleeding and avoiding the 
need for the duodenal stump oversewing. It also 
helps in straightening the duodenal wall for sutur-
ing during the anastomosis and provides a full 
opening preventing a stenosis.

A 60-French bougie is introduced, and gas-
tric transection is started 6 cm from the pylorus 
using black and or green cartridges for the first 
two to three firings. As the transection progresses 
toward the fundus, the height of the staples is 
decreased from green to gold cartridges. The gas-
trectomy specimen is then extracted trough the 
umbilical trocar.

The patient is then placed in a Trendelenburg 
position with the left side down, and measure-
ments are initiated retrograde at the ileocecal junc-
tion; a common channel of 100 cm is measured, 
the future site of the ileoileostomy, using clips on 
the mesentery. I prefer an umbilical tape of 50 cm 
for consistent measurement, with flat atraumatic 
bowel fenestrated forceps. The ileum is then run 
another 150  cm proximally, and an end-to-side 
duodeno-ileostomy handsewn is performed, mak-
ing sure that no twists have occurred (250 cm from 
the ileocecal valve): It habitually needs a second 
verification from the ileocecal valve.

The first running posterior layer is made, join-
ing the anti-mesenteric side of the small bowel 
to the proximal duodenum with 3-0 monofila-
ment absorbable sutures, going from cephalad to 
caudad. A 2 cm enterotomy, as wide as possible, 
is made on each intestinal side, and another run-
ning suture is used to close the anterior part of 
the anastomosis, using a similar suture material. 
The ileum left to the anastomosis is divided with 
a laparoscopic stapler, and then an ileoileostomy 
created, side to side joining the end of the biliopan-
creatic limb with the common cannel at 100 cm 
from the ileocecal valve. The stump of the biliary 
limb should be on the left, and an anastomosis is 
created using a white cartridge of a 60 mm lin-
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ear stapler, and the common  enterotomy closed a 
single layer of 3-0 absorbable sutures.

The two mesenteric defects created are closed 
from the left using a 2-0 silk suture, starting at 
the ileoileostomy transversely. The patient is 
then placed head up with the left side up, and 
the transverse colon is lifted up to expose the 
Petersen’s defect, which is then closed using also 
2-0 silk suture on the left side, uniting the trans-
verse mesocolon to the mesentery of the ileum 
going antecolic. Some surgeons will do a retro-
colic passage, and in this case the meso-window, 
a third mesenteric defect, has to be judiciously 
closed circumferentially.

 Outcomes

The DS has proven to be very effective in achiev-
ing and maintaining meaningful weight loss in 
the morbid and super-obese population (BMI 
>50  kg/m2). In Dr. Henry Buchwald’s system-
atic review, comparing weight loss surgical 
procedures, he suggested that BPD and duode-
nal switch are the most effective operations giv-
ing excess body weight loss (EBWL) of 73% at 
2  years, which is maintained for 15–20  years; 
the Roux-en-Y gastric bypass stays behind in the 
50–60% long-term, vertical banded gastroplasty 
at around similar rates 56% and gastric banding 
giving the poorest results below 50% [10]. BPD 
has been abandoned in favor of the DS, due to an 
unacceptably high rate of revisions for malnutri-
tion, from a too undersized common channel of 
50 cm, and to a higher marginal ulceration rate, 
from a too sizeable gastric pouch. VBGs have 
also fell tremendously, barely done these days, 
and replaced by the sleeve gastrectomy, avoiding 
the foreign body problem (mesh made of poly-
propylene or PTFE) that frequently eroded into 
the gastric wall. Sleeve gastrectomy was not part 
of this Buchwald review, as it started in 2000, 
but 10-year results show similar findings as the 
vertical banded gastroplasty, that is, around 50% 
EWL.  This has been confirmed by systematic 
meta-analysis from a group in Australia [11].

In terms of level I evidence, Sovik et al. per-
formed a randomized study of 60 super-obese 

patients (BMI 50–60  kg/m2) to undergo either 
RYGB or DS and found EBWL to be 22.3, 
44.0, and 54.4% following RYGB at 6  weeks, 
6 months, and 1 year, respectively, compared to 
28.1, 59.9, and 74.8% following DS [12]. This 
was republished with 5-year results confirm-
ing the superiority of DS and its great effect on 
type-2 diabetes [13].

For large cohorts, especially followed assidu-
ously in countries with national healthcare sys-
tem, the province of Quebec in Canada has been 
ideal, where all patients are easily tracked as 
they rarely move to other provinces or countries. 
Biertho et al., from Laval University in Quebec 
City, showed in a study of 810 morbidly obese 
patients with mean initial BMI of 44.2 + 3.6 kg/
m2 that EBWL plateaued at 76%, with a mean fol-
low-up of 8.6 years [14]. Most US and European 
surgeons would think that DS is appropriate for 
super-obese patients, but in Quebec they are 
also done for the same indication as RYGB.  It 
was concluded that DS was appropriate for mor-
bidly obese patients as well (BMI >40  kgm2) 
[14]. Concordantly, Anthone et al. in a review of 
701 DS patients with preoperative BMIs rang-
ing from 34–95 kg/m2 found an EBWL of 69% 
after 1 year, 73% after 3 years, and 66% after 5 
or more years follow-up [15]. Overall, studies 
examining the outcome of DS suggest analogous 
results with EBWL ranging from 61% to 85% 
with moderate term follow-up [16–22].

The DS has also a striking effect on obesity- 
related comorbidities. Mingrone and Rubino had 
randomized 60 obese patients with T2DM to 
receive medical therapy (lifestyle adjustments 
and hypoglycemic agents) or surgical interven-
tion (RYGB or BPD). They reported no remis-
sion of T2DM in the medical therapy group, 
compared to 75% in the RYGB group and 95% 
in the BPD group after 2 years of follow-up [23]. 
That study was followed and reported in Lancet 
with 5-year results, showing a tremendously 
maintained effect of the BPD, almost by two-
fold, when compared to RYGB [24]. Overall, 
19 (50%) of the 38 surgical patients (37% of 
the gastric bypass group and 63% of the bilio-
pancreatic diversion group) maintained diabetes 
remission at 5 years, compared with none of the 
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15  medically treated patients (p = 0·0007). Eight 
(42%) patients who underwent gastric bypass 
and 13 (68%) patients who underwent biliopan-
creatic diversion had an HbA1c concentration of 
6.5% or less, compared with 4 (27%) medically 
treated patients (p = 0·04) [24].

Iaconelli et  al. [25] and Tsoli et  al. [26] 
showed resolution of T2DM in all BPD patients 
12  months after surgery. From the Cornell 
study, no patients had T2DM after 9 years [27]. 
A systematic review and meta-analysis con-
firmed that diabetes resolution was greatest for 
patients undergoing DS, followed by RYGB, and 
slightest for banding procedures [28]. Bariatric 
surgery has now been recommended for man-
agement of T2DM for selected obese patients 
(BMI >35  kgm2) by the International Diabetes 
Federation; however, no specific surgical pro-
cedure was recommended [29, 30]. This panel 
was overrepresented by surgeons who did only 
RYGB, and very few DS surgeons were present 
at the conference, hence biases are such that a DS 
option was not well defended and represented. 
This may change in the future with the SADI 
operation, a version 3.0 of DS [30]. Astiarraga 
et al. assessed the effect of DS on T2DM in non-
obese patients demonstrating amelioration of 
metabolic control and remission in one-third of 
patients, suggesting a weight-independent effect 
of the intervention [31].

Other cardiometabolic parameters, such as 
hypertension, nonalcoholic fatty liver disease, 
hypercholesterolemia, and hypertriglyceridemia, 
have also shown discernable correction ensuing 
DS [16–22]. Due to the profound lipid hypoab-
sorption, remission rates for dyslipidemia have 
been shown to be between 95 and 100% [16, 17, 
32]. Furthermore, obstructive sleep apnea and 
hypopneas resolved in a majority of patients [32].

 Treatment of Related Complications

A recent paper by Buchwald and Oien revealed 
that the proportion of DS procedures in relation 
to all bariatric surgeries declined from 6.1% to 
4.9% to 2.1% in 2003, 2008, and 2011, respec-
tively, and in the USA, it is at about 1% or less 

[33, 34]. This raises questions on why the proce-
dure with the highest weight loss, lasting effects, 
and greatest reversal of obesity related comor-
bidities is the least performed bariatric inter-
vention. The answer is likely multifactorial and 
complex. Firstly, the technical complexity of this 
procedure is a consideration, with the procedure 
being time-consuming and requiring a skilled 
laparoscopic bariatric surgeon. The laparoscopic 
approach, introduced by me in 1999, sought the 
benefits of DS weight loss and reduced morbid-
ity associated with laparoscopic surgery [5]. In 
many studies, this has proven to be true, with 
lower postoperative complication rates [35, 36]. 
Likely, learning curves and operative volumes 
may be important considerations, with a majority 
of DS being performed at focused bariatric cen-
ters [37, 38]. Many fellowships do not have DS 
in their armamentarium, and duodenal dissection 
and transection are seen as a risky procedure for 
bile duct injury, hepatic arterial injury, or associ-
ated with high-leak rate at this upper anastomo-
sis. These fears have not been confirmed. Also, 
it is the sleeve gastrectomy effect, as more and 
more bariatric surgeons are doing this procedure, 
now 70% of all primary bariatric procedures in 
the USA; it has reduced the use of DS which is 
now mostly used as a second-stage approach. 
The last 2  years have seen a resurgence of DS 
by 60%, mostly due to weight regain after sleeve 
gastrectomy [39].

In a meta-analysis of 361 studies including 
85,048 patients, overall mortality within 30 days 
of bariatric surgery was found to by 0.28%. 
DS had the highest early mortality with a rate 
of 0.29% to 1.23% for open and 0.0% to 2.7% 
for laparoscopic procedures [40]. But this has 
changed in the last 20 years, where one sees the 
mortality of second-stage DS being similar to 
RYGB, that is, in the range of 0.1–0.2%.

One-year complication rates have been 
reported in the Bariatric Outcomes Longitudinal 
Database (BOLD); they are 4.6, 10.8, 14.9, and 
25.7%, respectively, after LAGB, LSG, RYGB, 
and DS [41]. This comprises of minor complica-
tions such as gastrointestinal side effects includ-
ing flatulence, malodorous stools, and major 
complications like anastomotic leak, the most 
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common serious early surgical complication, 
which should be less than 1%. One reason for 
a higher complication rate in DS is the fact that 
this procedure is often selected for super-obese 
patients, notoriously known for a higher compli-
cation rate. Avoidance of tension at the anastomo-
sis is paramount, and the intestinal reconstructive 
part can be deferred as a second stage using good 
judgement. Hamoui et al. reviewed 701 DS cases 
performed over a 10-year period and reported 
that 5% of patients developed complications 
necessitating revisional surgery [42]. Protein 
malnutrition was the most common indication for 
reoperation. A postoperative complication rate of 
15% was then seen in their revisional surgery 
group, with wound infections being the most 
common complication in this surgical team [42]. 
This often necessitates an elongation procedure 
in which the common channel is elongated by at 
least 100 cm at the expense of the biliopancreatic 
limb. This is not a complex laparoscopic proce-
dure, as it involves transection of the alimentary 
limb at the connection and moving this proxi-
mally on the BP limb and making a side-to-side 
anastomosis. The end result is a common channel 
of 200 cm and a total distance between the duo-
denum and ileocecal valve of 350 cm.

Biertho et  al. analyzed a series of 1000 DS 
patients, in which major complications occurred 
in 7% of patients, readmission was required in 
12.7% of patients, and reoperations occurred in 
6% of patients [36]. My own series from Cornell 
has shown no operative mortality, a 1.1% leak 
rate, 2.5% of surgical site infection, and 12.4% of 
reoperations over 9 years, including cholecystec-
tomy, laparoscopy for bowel obstructions from 
adhesions or internal hernias, etc. [27] BMI was 
30.1 kgm2 at 1 year and 32.0 kgm2 at 9 years, a 
pretty flat line. Body fat was reduced to 26% from 
>50% after 2 years. Complications requiring sur-
gery were significant, and nutritional problems 
developed in 29.8% of patients over the course of 
observation. The baseline Beck Depression Index 
(BDI) was 13.9 and 7.2 in year 1, and from year 
1 through 9, it remained unchanged [27]. There 
were significant positive changes in quality of life 
between baseline and year 1 for most domains. 
These positive changes were maintained for the 

follow-up cohorts. After surgery the resolution of 
comorbidities continued for the 9 years. Weight 
regain is still a possibility, and most would rec-
ommend a resleeve resection, not touching any 
limb lengths, unless a gross error has been done 
at initial surgery with too long limbs [43].

In a randomized trial, Sovik et  al. compared 
mean operating time, median length of stay, and 
complication rates between RYGB and DS. On 
average RYGB required 91  min compared to 
206 min for DS. Median length of stay was 2 days 
post-RYGB and 4  days post-DS.  Perioperative 
complication rates were comparable between 
the two groups [12, 13]. But one has to men-
tion that Sovik and their groups were not famil-
iar with DS when they started this randomized 
trial, and equivalent experience might have been 
lacking. My own practice sees less than 24-hour 
stay these days, just like gastric bypass or sleeve 
gastrectomy, with operative time in the range of 
2 hours.

DS is the bariatric procedure linked with 
some of the grandest perioperative malnutri-
tion-/metabolic- related complications [44]. All 
patients must begin mineral, vitamin, and protein 
supplementation postoperatively and sometimes 
preoperatively; however, there should be a stan-
dardized approach to replacement to avoid defi-
ciencies using dietary supplements. Following 
DS, patients may need 3000 Kcal per day and 
ingest 80 to 120 g of proteins, to overcome the 
hypoabsorption; otherwise they may become 
malnourished [45]. Iron-deficiency anemia, pro-
tein calorie malnutrition, hypocalcemia, and defi-
ciency of fat-soluble vitamins ADEK, vitamin 
B1, vitamin B12, and folate are common [46]. DS 
has proven to be more hypoabsorptive compared 
to other bariatric surgeries; thus close follow- up 
is essential. Supplementation is of paramount 
importance; regrettably in this patient population 
compliance is lacking [47].

Aasheim et  al. randomized 60 super-obese 
patients to receive either RYGB or DS compared 
vitamin D, vitamin A, and vitamin B1 levels 
postoperatively [48]. DS patients had lessened 
mean vitamin D and A serum concentrations, 
as well as an abrupt decline in vitamin thiamine 
compared to RYGB. But in this trial, insufficient 
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supplements were given to DS patients owing to 
the early learning curve of this group. Decreased 
vitamin D and calcium levels with associated 
secondary hyperparathyroidism have been dem-
onstrated [49–51]. Marceau’s group at Laval has 
confirmed with bone biopsies, with maintained 
serum PTH, that overall bone mineral density 
and fracture risks were unchanged 10 years after 
DS [52]. Clinically there have been case reports 
of DS-related vitamin A deficiency and associ-
ated night-blindness, post-DS peripheral neurop-
athies associated with B12 deficiencies, although 
rare, Wernicke’s encephalopathy as a result of 
B1 deficiencies can be seen, especially if there 
is a stenosis in the sleeve or a stricture at the 
duodeno- ileostomy anastomosis [53–57]. From 
my own series of DS patients operated at Cornell, 
between 1999 and 2010, 274 patients were oper-
ated, but 190 patients have been able to be fol-
lowed through (70% women): age 42.7  years, 
BMI 53.0 kg/m2; year 1, 189 were available; year 
3–193; year 5–132; year 7–98; year 9–68. BMI 
was 33.3 kgm2 at year 1 and 31.5 kgm2 at year 9. 
Baseline vitamin D was low and PTH high [58]. 
All patients took some supplements. Fat-soluble 
vitamins remained low, and protein deficiency 
appeared at year 3 and increased to 30% at year 
9. At baseline serum zinc was normal, but at year 
5, 45% were low. Hematocrit was low for 40% 
and hemoglobin for 46%. Iron deficiency con-
tinued through year 9, more marked in males. 
Calcium deficiency increased from year 3 and 
became steady. Half of patients had abnormal 
PTH at baseline and the percentage increased. 
Twenty percent had abnormal baseline magne-
sium values. This fluctuated during yearly obser-
vations [58]. I think most groups are not giving 
enough supplementations, and compliance is a 
huge problem, but when serum levels are low, it 
remains an opportunity to educate and correct.

 Conclusions

Duodenal switch offers one of the best long-
term controls of obesity-related diseases such as 
type-2 diabetes and is associated with one of the 
lowest risk of weight regain long-term. It should 

be part of surgeons’ armamentarium, particularly 
for the management of weight regain following 
sleeve gastrectomy. Like any advanced surgical 
procedure, there is a learning curve associated 
with laparoscopic DS, but standardization of the 
different surgical steps allows keeping complica-
tion rates low. The use of a hand-sewn anastomo-
sis allows keeping the risk of anastomotic leak to 
the lowest. In case of intraoperative difficulties, 
the procedure can be aborted to a stand-alone 
sleeve gastrectomy, and a duodenal switch can be 
performed 18  months to several years after the 
initial surgery, without losing its efficacy.
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Management of Complications 
of Bariatric Operations

Aftab Jafri, Emanuele Lo Menzo, 
Samuel Szomstein, and Raul J. Rosenthal

 Introduction

The 1991 National Institutes of Health con-
sensus statement on surgery for obesity stated: 
“Severe obesity is a chronic intractable disor-
der; any therapeutic program must, therefore, be 
lifelong” [1]. The most recent population survey 
showed an increase in weight over time between 
the ages of 20 and 60, with the incidence of 
obesity increasing from 34% before 40  years 
of age to 41% in patients 40 to 60  years old 
[2]. Bariatric procedures are highly effective at 
achieving significant weight loss and improve-
ment in comorbidities associated with obe-
sity. The most recent position statement by the 
American Society for Metabolic and Bariatric 
Surgery supports the durability and effective-
ness of bariatric procedures in treating morbid 
obesity and comorbidities when compared to 
medical management [3].

Along with the increased number of opera-
tions, complications will increase. In addition, 
surgeons performing metabolic surgery, particu-
larly laparoscopic sleeve gastrectomy (LSG), 
outside of centers of excellence can potentially 
result in higher complications in the future.

In this chapter we present some of the tech-
nical complications encountered after the most 

common bariatric operations. Other perioperative 
complications such as cardiovascular, respiratory, 
renal, peripheral neuropathies, thromboembolic 
events, and rhabdomyolysis will not be discussed 
here.

 Diagnosis

The diagnosis is mostly based on clinical find-
ings with or without radiological evidence. A 
high index of suspicion is important since the 
clinical presentation of some of the complica-
tions is often initially subtle. In addition, some 
of the comorbidities associated with morbid 
 obesity, such as diabetes, autoimmune diseases, 
or medications for such comorbidities (steroids, 
immunosuppressive medications), may further 
alter the clinical presentation of such complica-
tions. Vitals signs, particular early and sustained 
tachycardia, have always been regarded as one 
of the principal indicators of an intra-abdominal 
leak. Laboratory evaluation could substanti-
ate the clinical diagnosis but often might be 
unrevealing. The common radiographic inves-
tigations include fluoroscopic gastrointestinal 
contrast studies and computed tomography (CT) 
scans. Not uncommonly, the use of both modali-
ties sequentially increases sensitivity in recog-
nizing postoperative complications. Finally, the 
use of upper endoscopy has assumed a promi-
nent role not only for diagnostic but also for 
therapeutic purposes.
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 Laparoscopic Adjustable Gastric 
Banding (LAGB)

LAGB underwent several changes over the years 
in terms of both design and technique of insertion, 
and these modifications contributed to the decrease 
in complications. Overall weight loss is less com-
pared to options like LSG and Roux- en- Y gastric 
bypass (RYGB). The long-term complications and 
need for reintervention have contributed to the 
decrease in utilization of this procedure. Following 
are some salient complications of the operation [4].

 Gastric/Esophageal Perforation

This is a very rare complication arising as a 
result of retroesophageal or gastric dissection. 
Another reason for esophageal perforations is 
the bougie that is inserted by the anesthesiologist 
while placing the band. It can manifest acutely 
with peritonitis or later as a port site infection. 
If recognized, intraoperative placement should 
be aborted, and the injury should be closed pri-
marily with placement of drains in the vicinity 
of repair. Late presentation usually requires band 
removal, incision, and drainage if required and 
antibiotics for port site infection.

 Band Slippage

It is the most common complication that can pres-
ent in the early or late postoperative period. The 
reported incidence varies from 3% to 24% [4]. 
Incidence has dramatically decreased with the 
adoption of the pars flaccida technique. Another 
factor that has contributed to the decrease in slip-
page is the modification of the type of band uti-
lized from the narrow high-pressure systems to 
the wider low-pressure circumferential balloon- 
type bands. The location of the slippage is almost 
exclusively anterior since the implementation of 
the pars flaccida technique. Patients usually pres-
ents with nausea and emesis followed by retch-
ing. Abdominal pain can also be present and can 
be an ominous sign of impending gastric necro-
sis. The first investigation should be an abdominal 

X-ray to demonstrate the position and angulation 
of the band. In fact, a horizontal position of the 
band, as opposed to the typical oblique, often is 
diagnostic for anterior prolapse. The first inter-
vention consists of urgent complete emptying of 
the band. An upper GI contrast study will confirm 
the diagnosis (Fig.  29.1). Additional imaging 
with CT scan might be helpful to rule out perfo-
ration and abscesses. In the presence of abdomi-
nal pain, leukocytosis ischemia or perforation of 
the prolapsed stomach should be suspected, and 
intravenous antibiotics and emergent exploration 
with band removal should be performed.

 Band Erosion

This complication is reported with an incidence 
of 0.3% to 14% [5]. Patients can present with non-
specific epigastric or abdominal pain, cessation 
of weight loss, gastrointestinal bleeding, abdomi-
nal abscess or infected/abscess at the port site, 
peritonitis, and pneumoperitoneum. The diag-
nosis is usually made by endoscopic evaluation. 
The management always entails band removal, 
which can be accomplished endoscopically when 
the buckle of the band is intragastric. More com-
monly the removal is done laparoscopically.

Fig. 29.1 Fluoroscopic image of an anterior band prolapse. 
The arrow indicates the horizontal position of the band
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 Esophageal Dilatation 
(Megaesophagus)

This is mostly seen in patients with slipped or 
overadjusted bands. The treatment of choice is to 
completely remove the fluid from the band and, 
after complete remission of the megaesophagus, 
slowly initiate readjustment. If tolerated, the band 
can be kept in place and monitored regularly 
with UGI series every 3 months. If no remission 
is encountered after a period of 12  weeks, the 
band has to be removed and the patient must con-
tinue close monitoring of symptoms. Alternative 
bariatric operations become controversial. 
Specifically, LSG might be contraindicated since 
these patients may require a gastric pull up if the 
megaesophagus does not go into remission.

 Port and Catheter Complications

The port can dislocate or flip over. This can 
result in difficulty in adjusting the band and may 
require repositioning. Another complication that 
can occur is if the catheter connecting the port 
with the band breaks or gets disconnected. In this 
case, the patient will require a relaparoscopy to 
reconnect the port. Finally, as mentioned before, 
a port site infection can be the result of poor tech-
nique of adjustment or an early sign of erosion. In 
this case, the band and port have to be removed.

 Sleeve Gastrectomy

Although regarded as one of the safest bariatric 
operations, it can potentially present with several 
complications.

 Leaks

Leak is the most significant and feared com-
plication of LSG. Reduction of gastric volume 
by 70–80% with competent pylorus and lower 
esophageal sphincter with resultant increased 
intragastric pressure along with a long staple 
line provides a fertile environment for leaks. 

Prevention of leaks can be accomplished with 
adequate mobilization of the greater curvature 
of the stomach and retrogastric attachment for 
proper visualization of the stomach to the lesser 
curvature, utilization of a 36 Fr or larger bou-
gie to prevent strictures, avoiding rotation of 
the staple line with symmetrical lateral retrac-
tion, and consideration being given to the thick-
ness of the stomach and appropriate selection 
of staple height cartridges. Although it is our 
routine practice, imbrication of the staple line 
has not definitively shown to decrease the leak 
rate [6]. The most common site of leak is the 
proximal staple line. Time of presentation is 
of importance, as acute leaks present within 7 
days and are often related to technical problems 
with the staple line, ischemia, or energy source 
burns. Leaks developing between 1 and 6 weeks 
are termed as early and after 6 weeks as late—
the latter posing a more challenging problem 
[6]. Diagnostic workup includes a CT abdomen 
and pelvis with PO and IV contrast. In unstable 
patients, emergent operative intervention is of 
paramount importance, with wide drainage and 
washout carried out in most cases, although 
direct repair of the leak can be attempted if 
location is obviously uncovered without risk-
ing further damage. Percutaneous image-guided 
drainage and endoscopic stent placement across 
the leak are a legitimate option in managing 
leaks in the acute and early settings in patients 
who are hemodynamically stable. Another 
option for mid to distal acute leaks is to convert 
them into controlled fistulas by placement of a 
T-tube and performing a feeding jejunostomy 
(Fig. 29.2) [7]. Chronic leaks are less amenable 
to the abovementioned techniques, and inva-
sive surgical intervention remains the mainstay. 
Preoperative planning includes review of opera-
tive reports of the index operation and technique 
and extensive radiological review with upper 
gastrointestinal contrast studies inclusive of CT 
abdomen and pelvis. Reoperation is delayed 
until the patient is nutritionally replenished 
and the surgical field becomes less hostile (at 
12 weeks). Surgical options can include sutur-
ing of an antecolic roux limb to the area of leak 
after adequate debridement of the inflamed gas-

29 Management of Complications of Bariatric Operations



276

tric wall and an NG tube being advanced across 
the anastomosis or laparoscopic proximal gas-
trectomy with Roux-en-Y esophagojejunostomy 
[8]. The success rate of this approach is high, 
and the leak rate is documented to be 6.6%, 
requiring NPO for 4 weeks and TPN for its reso-
lution. Endoscopic septotomy has been reported 
in the literature as a safe and effective technique 
for the management of LSG-associated leaks 
and collections, including those refractory to 
other endoscopic and percutaneous methods [9].

 Postoperative Bleeding

The overall incidence of postoperative bleeding 
is low and rarely requires operative interven-
tion. There are three potential sites of bleed-
ing: intraabdominal, intraluminal, or port site. 
Postoperative nausea or emesis, melena, and port 
site hematomas should prompt further radiologi-
cal investigative workup. Management requires 
serial vital signs monitoring, urine output moni-
toring, hemoglobin/hematocrit, and PRBC trans-
fusion for hemodynamic instability or Hb  <7.0 
and possible operative exploration and hemo-
stasis for intra-abdominal bleeding. Endoscopic 
evaluation and hemostasis are required and effec-
tive in cases where intraluminal bleeding is per-
sistent and causes instability.

 Kinking/Stenosis/Obstruction

There are several points where partial obstruc-
tion or kink can be created. Most commonly 
this occurs while firing the stapling device at the 
incisura angularis, creating an almost 90° angle. 
If this sort of narrowing occurs and the patient 
develops persistent nausea and emesis, a conver-
sion to RYGB may be necessary. Other alterna-
tives include seromyotomy, which has a high leak 
rate, and central gastric resection with anastomo-
sis (Fig. 29.3) [10].

 GERD as a Late Complication After 
LSG

There are no major long-term complications 
after LSG, but there is development or wors-
ening of GERD with or without esophagitis. 
To the authors’ knowledge, the literature does 
not have level 1 evidence studies that demon-
strate that LSG is contraindicated in patients 
with GERD. However, it is the authors’ and the 
 literature preference to recommend a gastric 
bypass in these patients instead. The latter should 
be supported by pH and manometry studies that 
demonstrate severe GERD with chronic esopha-
gitis. When patients develop severe GERD after 
LSG, the initial treatment is proton pump inhibi-
tors and close monitoring of esophagitis with 
EGD. In the case that GERD becomes intractable 
or complicated by aspiration pneumonia, gastric 
bypass is the preferred surgical approach.

Fig. 29.2 T-tube in gastric sleeve to control leak

Fig. 29.3 Seromyotomy after stenosis of sleeve 
gastrectomy
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 Roux-en-Y Gastric Bypass

It induces weight loss by utilizing restrictive and 
malabsorptive strategies. The alimentary limb can 
be progressed to the gastric pouch in an antecolic 
or retrocolic fashion; there are mesenteric defects 
created during the course of the procedure that 
are potential sites for internal herniation and 
postoperative bowel obstruction. The complica-
tions of gastric bypass surgery can be divided 
into acute (7 days), early (7 days to 6 weeks), late 
(6 to 12 weeks), and chronic (>12 weeks).

 Acute and Early Complications

 Leaks
Undetected leaks remain the second leading 
cause of death after RYGB surgery. Potential 
sites of leaks include the gastrojejunal anasto-
mosis, gastric pouch, gastric remnant, the jeju-
nal blind end, and the jejunojejunal anastomosis. 
Approximately 70–80% of leaks occur at the 
gastrojejunal anastomosis, 10–15% at the gastric 
pouch, 5% at the jejunojejunal anastomosis, and 
3–5% at the excluded stomach. Factors involved 
in the development of these leaks include ten-
sion, ischemia, and stapler misfiring. Some of the 
risk factors associated with higher incidence of 
leaks include male gender, super morbid obesity, 
age  >55  years, and revisional procedures [11]. 
Signs and symptoms of leak include sustained 
tachycardia, abdominal pain, fever, nausea and 
vomiting, oliguria, and hemodynamic instability. 
The diagnosis can be confirmed by contrast upper 
gastrointestinal (UGI) fluoroscopic evaluation or 
CT scan. CT scan adds sensitivity to the diagno-
sis of GJ leaks because of the ability to show not 
only contrast extravasation and extraluminal col-
lections but also indirect signs of leak, such as 
surrounding inflammatory changes, intraabdomi-
nal free air, and left pleural effusion (Fig. 29.4). 
Also, the CT scan is able to show additional 
sites of potential leaks, such as gastric remnant, 
J-J anastomosis, gastric remnant distention, etc. 
Management includes intravenous antibiotics, 
bowel rest, control of secretions, wide drainage, 
and early nutrition. The approach to drainage of 

the intra-abdominal collection is dictated by the 
clinical scenario. In the presence of hemody-
namic instability, surgical intervention is war-
ranted. During the operation, key steps include 
extensive irrigation; repair of the leak, if feasible 
and safe, although often unsuccessful; placement 
of feeding gastrostomy or enteral access distal 
to the leak site; and extensive closed-suction 
drain placement. Based on surgeons’ individual 
skills and experience, these steps can be either 
accomplished laparoscopically or via an open 
approach. It is the authors’ experience and rec-
ommendation to keep the surgical approach as 
simple as possible in this kind of clinical set-
ting. In an emergency we should always choose 
the faster and simpler approach and refrain from 
redo anastomosis. Whenever the patient’s hemo-
dynamic status allows, endoscopic stent place-
ment can be considered, and local sepsis control 
can be accomplished via percutaneous drainage 
or with the drains previously placed at the time 
of surgery. Failure of nonoperative manage-
ment has been reported in 12% of the cases [12]. 
Regardless of the approach utilized, the mortality 
of a leak remains high at about 10% [13].

 Gastrogastric Fistula (GGF)
Gastrogastric fistula refers to an abnormal com-
munication between the gastric pouch and the 
excluded gastric remnant. The incidence of GGF 
varies between 0 and 46% in the literature. In 
our experience the incidence has been 1.2% 
[14]. Overall the incidence of GGF, similar to 
other complications after gastric bypass, has 
been steadily decreasing. Common presenting 

Fig. 29.4 CT scan showing a gastrojejunal anastomotic 
leak. Note the reactive pleural effusion and left lung 
atelectasis
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symptoms include nausea, vomiting, and epigas-
tric pain, which are present in approximately 80% 
of the patients. Marginal ulcer and failure to lose 
weight or weight regain should increase suspicion. 
The initial management includes radiological 
evaluation, and medical treatment comprises pro-
ton pump inhibitors, with the addition of sucralfate 
in case of a documented concomitant ulcer. The 
aim of the treatment is to reduce the acid produc-
tion in the gastric remnant, which is now enhanced 
by the presence of food. In the presence of a mar-
ginal ulcer responding to medical therapy and in 
absence of additional symptoms, observation and 
re-evaluation in 6 weeks are acceptable. The minor-
ity of patients that do not respond adequately to 
medical treatment and present with weight regain 
or failure of weight loss will require additional 
interventions. Some authors advocate endoscopy 
as a first-line therapeutic intervention, claiming no 
increased complication if a future revisional sur-
gery is necessary. Unfortunately, although often 
technically feasible, endoscopic closure has a very 
high recurrence rate. The success rate is inversely 
proportional to the diameter of the fistula itself. 
Fistulae larger than 1  cm have a much smaller 
chance of remaining closed after endoscopic treat-
ment. Endoscopic techniques include injection of 
fibrin glue, plasma coagulation, clipping, stent-
ing, and various endoscopic suturing techniques 
[13]. A much more effective treatment is surgical 
intervention. In the case of acid hypersecretion 
and chronic marginal ulcer, pouch trimming and 
redo gastrojejunostomy are fundamental. In the 
case of refractory marginal ulcer with proven acid 
hypersecretion in the pouch, a truncal vagotomy 
might be added. Remnant gastrectomy has also 
been advocated by our group as a treatment option 
for GGF [14]. In the cases of fistulae related to the 
failure of separation of the remnant from the gas-
tric pouch, simple stapling across the previously 
undivided gastric bridge will be appropriate. This 
is especially true when the fistula is not in proxim-
ity of the gastrojejunal anastomosis.

 Postoperative Hemorrhage
Postoperative hemorrhage has been reported in 
1.9–4.4% of gastric bypass procedures [15]. The 
bleeding could be either intraluminal or extralu-

minal, and it usually originates from the staple 
lines of the GJ or JJ anastomosis, gastric rem-
nant, or gastric pouch (Fig. 29.5). The signs and 
symptoms vary from mild tachycardia to signs of 
hypovolemic shock with hypotension and oligu-
ria. It is important to remember that intraluminal 
bleeding can also determine intestinal obstruction 
and devastating complications (anastomotic leak, 
gastric remnant perforation) even if the bleeding 
is self-limiting. Although most of the immediate 
postoperative hemorrhages are self- limiting and 
can be managed with blood product transfusion, 
stopping anticoagulation, and aggressively cor-
recting coagulation derangements, the presence 
of hemodynamic instability or the continuous 
requirement of blood transfusion is an indica-
tion for immediate intervention. In the early 
postoperative period, the role of endoscopy for 
the evaluation of intraluminal bleeding is lim-
ited to the evaluation and potential treatment of 
the gastrojejunal anastomosis. More aggressive 
endoscopic procedures (enteroscopy and double-
balloon enteroscopy) to evaluate jejunojejunos-
tomy and gastric remnant should be reserved 
for late postoperative bleeding. Whenever endo-
scopic intervention is not feasible or appropriate, 
operative intervention should not be delayed. The 
hemodynamic status of the patient along with the 

Fig. 29.5 CT scan showing a gastric remnant filled with 
blood secondary to an intraluminal bleeding after gastric 
bypass
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surgeon’s comfort level will determine if a lapa-
roscopic or open approach is chosen. Often the 
intraabdominal source of bleeding is not found, 
but hematoma evacuation and washout expedite 
the patient’s recovery. In the presence of an intra-
luminal bleeding source, the affected anastomo-
sis can be approached directly or intraluminally 
via an adjacent enterotomy.

 Small Bowel Obstruction
Although small bowel obstruction can occur at 
any time after gastric bypass, up to 48% occur 
within the first month [16]. Based on the loca-
tion the obstruction can be classified in type A, 
when the alimentary limb is affected; type B, 
when the biliopancreatic limb is obstructed; and 
type C, common channel obstruction. Early post-
operative obstruction can further be divided into 
mechanical or functional. Stenosis at the anasto-
motic sites is usually due to postoperative edema 
and tends to resolve in 24–48 hrs. It is important 
to avoid vomiting and retching during this phase 
in order to prevent aspiration and anastomotic 
disruption. Antiemetics, inhibitors of acid secre-
tions, and possible tube decompression, with 
nasogastric tubes carefully placed under fluo-
roscopic guidance, are helpful in the expectant 
management of these patients. This is especially 
true if partial obstruction is present. In cases of 
complete obstruction or whenever the clinical 
picture does not improve, technical issues are 
involved, and anastomotic revision is necessary. 
Intraluminal clots from recent staple line bleed-
ing have also been described as a cause of early 
mechanical obstruction. Radiographic evalua-
tion is essential in the diagnosis. It is important 
to evaluate not only the site of obstruction but 
also the status of the proximal bowel or stomach. 
The presence of gastric remnant distention has 
to be carefully evaluated, and it can be the only 
apparent sign of a distal obstruction. The inter-
vention varies based on the type and degree of 
distention. Purely air-filled remnant without any 
bowel dilatation can be observed with sequen-
tial X-rays, as long as the patient is asymptom-
atic. Most of the time, this finding is related to 
a transient “vagal stunning” and is self-limited. 
Metoclopramide can be utilized with variable 

results in this case, as long as distal obstruction 
has been ruled out. If the patient is symptomatic 
(left shoulder pain, hiccups, retching), percu-
taneous or operative decompression is in order. 
Whenever the gastric remnant is fluid-filled, 
the most likely cause is the presence of a distal 
obstruction. Early intervention is usually recom-
mended in this case. Percutaneous decompres-
sion is not advised because it will not resolve the 
distal obstruction and the intraluminal fluid will 
likely leak around the insertion site, as this is typ-
ically not buttressed against the abdominal wall. 
Acute gastrojejunostomy strictures are rare and 
they are mostly related to technical errors. The 
initial treatment is observation to allow edema 
resolution. If after a reasonable waiting period 
(4–5 days) there is no improvement, endoscopic 
dilatation or redo anastomosis is indicated. Early 
endoscopic dilatation might be necessary but has 
to be conservative in the immediate postoperative 
period. There is no data to establish when it is too 
early to perform endoscopic dilatation and when 
safe. Endoscopic dilatation has been reported as 
early as 7 days postoperatively [16]. Usually the 
patient can, then, be kept on a mostly liquid diet 
until 4–6 weeks after surgery and be submitted 
to a more aggressive and safer endoscopic dilata-
tion. Early strictures (7 days to 6 weeks) are usu-
ally ischemic in origin or due to foreign bodies 
(suture or staples extrusion) or marginal ulcers.

Internal hernias can cause mechanical obstruc-
tion in the early/acute phase, or more likely, 
late/chronic after the visceral fat diminishes as 
a result of effective weight loss. They are the 
most common cause of bowel obstruction after 
laparoscopic RYGB.  Their incidence has been 
reported in up to 9% of the cases [17]. The poten-
tial mesenteric spaces through which internal 
hernias occur vary based on the configuration of 
the bypass reconstruction. Typically, after retro-
colic retrogastric bypass, three defects are pres-
ent: transverse mesocolon, Petersen’s (between 
the Roux limb and the transverse mesocolon), 
and mesenteric defect at the jejunojejunostomy. 
One of the advantages claimed by the proponents 
of the antecolic antegastric reconstruction tech-
nique is the decreased incidence of internal her-
nias, as a mesocolic defect is not created. Other 
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important factors that likely affect the incidence 
of internal hernias are the division of the mesen-
tery, the length of the limbs, and the orientation of 
the jejunojejunostomy. In fact, some authors have 
suggested that the counterclockwise rotation of 
the Roux limb reconstruction causes fewer inter-
nal hernias (in particular at the Petersen’s space) 
than the clockwise rotation [17]. If the ability 
to perform gastric bypass laparoscopically has 
significantly decreased the incidence of wound 
infection and hernias, it has increased the pos-
sibility for potential acute postoperative port site 
hernia with obstruction. The reported incidence 
of port site hernias is 0.74% for all laparoscopic 
procedures and 0.57% after bariatric surgery [18]. 
Current recommendations call for closure of 
trocars >10 mm in diameter. However, in obese 
patients, 12 mm ports from radially dilating non- 
bladed trocars are not routinely closed, based on 
level II data, especially if off the midline. Port site 
hernias are often difficult to diagnose simply by 
physical exam because of the patient body habitus 
and the common presence of port site tenderness 
and occasional seromas. A liberal use of CT scan 
can reliably identify the condition, which requires 
prompt re-exploration. Also, reconstruction con-
figuration errors (Roux-en-O) determine mechan-
ical obstruction. This type of configuration error 
occurs when the biliopancreatic limb is mistak-
enly anastomosed to the gastric pouch. The typi-
cal presentation includes abdominal pain, nausea, 
bilious vomiting, and rapid weight loss. Although 
sometimes the clinical presentation is quite dra-
matic with a picture of proximal small bowel 
obstruction, at times all the diagnostic modalities 
(contrast upper GI and CT scan) can be normal. 
Additional radiographic studies that can assist in 
the diagnosis are fluoroscopic examination with 
contrast directly injected in the gastric remnant 
(with access via a gastrostomy tube if present) and 
hepatobiliary iminodiacetic acid (HIDA) scan. 
The latter test can unequivocally show the radio-
nuclide excreted in the duodenum reflux back into 
the gastric pouch and esophagus. Besides the mild 
generalized ileus that can be encountered after 
laparoscopy, the majority of functional obstruc-
tions occur at the level of the gastric remnant. 
The severity varies from just mild dilatation of the 
remnant in an asymptomatic patient to impend-

ing remnant perforation with nausea, hiccups, 
shoulder pain, and secondary vomiting. Most of 
the cases are self- limiting and are due to the previ-
ously mentioned “vagal stunning.” In these cases, 
medical treatment with metoclopramide and close 
observation with follow-up imaging are sufficient. 
In the cases of symptomatic remnant distention, 
percutaneous or operative drainage is mandatory. 
As previously mentioned, the drainage method 
has to be dictated by the clinical scenario and the 
imaging findings.

 Late and Chronic Complications

 Marginal Ulcers (MU), Stricture
Marginal ulcers and stricture are analyzed 
together due to the frequent coexistence and simi-
lar etiology. The incidence of marginal ulceration 
has been reported between 1% and 16%, whereas 
the incidence of strictures has been estimated in 
up to 27% [16]. Several factors have been associ-
ated with their pathogenesis, including ischemia, 
acid exposure, a foreign body at the anastomotic 
site, medications, and tobacco. The treatment of 
marginal ulcers is primarily medical, with acid 
suppression with proton pump inhibitors com-
bined with cytoprotective agents (Sucralfate). 
Approximately one-third of the patients will 
require surgical intervention either because of 
intractability or complications (i.e., bleeding, per-
foration, or stricture). Bleeding should be treated 
endoscopically, and in case of failure or recur-
rence, oversewing the ulcer bed is the treatment of 
choice. In cases of hemodynamic instability, gas-
trojejunal resection with anastomosis ± vagotomy 
might play a role. Perforations are usually treated 
with Graham patch alone or primary closure with 
omental patch, and only rarely anastomotic resec-
tion with new anastomosis is feasible or indicated. 
Anastomotic strictures are largely managed by 
endoscopic dilatation (either using through-the-
scope balloon dilators or Bougie dilators) with a 
high success rate. The need for surgical revision 
has been reported in less than 1% of the cases.

 Intussusception
Intussusception is a rare cause of mechanical 
obstruction after gastric bypass. Its reported inci-
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dence is between 0.07% and 0.15%, and it seems 
to occur with equal frequency after open and lapa-
roscopic approach. Almost invariably the site of 
intussusception is around the jejunojejunal anas-
tomosis, and no lead points are usually identified. 
The clinical presentation can be acute or chronic 
with spontaneous reduction and relapsing crampy 
abdominal pain. The most reliable imaging study 
is the CT scan with oral contrast with the typical 
“target” sign, but its accuracy is only 80%. In the 
majority of cases, the intussusception will resolve 
spontaneously, and no surgical intervention will be 
required. However, in case of recurrent episodes or 
when the intussusception does not resolve, surgery 
is the only choice. As far as the preferred surgical 
approach, the surgeon’s experience and comfort 
should dictate if laparoscopic or open. If the lapa-
roscopic approach is chosen, prompt conversion to 
open laparotomy is necessary in the presence of 
vascular compromised bowel or in case of mas-
sive bowel dilatation that prevents adequate visu-
alization. If no additional procedures are done, the 
chance of recurrence is nearly 100%, whereas pli-
cation of the common channel to the biliopancre-
atic limb and resection and reconstruction of the 
jejunostomy decrease the recurrence rates to 40% 
and 12%, respectively [19].

 Conclusions

Complications can be expected to be seen more 
frequently as the number of patients who undergo 
weight loss surgery rises. It is therefore impor-
tant for general surgeons to have an understand-
ing of the common bariatric procedures and their 
complications.
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Tailoring Surgical Treatment 
for the Individual Patient

Verónica Gorodner, Marco Di Corpo, 
and Francisco Schlottmann

 Introduction

Certainly, bariatric surgery numbers in the USA 
have changed over the years. Not only the amount 
of surgeries has increased, but also the type of 
elected operation has shifted. In 2011, the most 
frequent operation performed was the Roux-en-Y 
gastric bypass (RYGB) accounting for almost 
37% of the total, while sleeve gastrectomies 
(SGs) occupied 18% of the procedures. In 2017, 
the inverse phenomenon was observed. RYGB 
accounted for 18% of the cases, while SG scaled 
up to nearly 60% [1]. Clearly, there are several 
reasons that might explain this occurrence. SG 
supporters might argue that this operation has no 
anastomosis, no mesenteric defects, and no mal-

absorption. In addition, there is less incidence of 
dumping syndrome, the stomach can be accessed 
by endoscopy, and for sure SG is a less complex 
technique. The objective of this chapter was to 
clarify real advantages and disadvantages of the 
two most popular procedures, in order to assist 
the surgeon in tailoring the surgical treatment to 
the individual patient. Outcomes related to type 
2 diabetes, weight loss, complications, and gas-
troesophageal reflux disease (GERD) will be 
analyzed.

 Roux-en-Y Gastric Bypass

RYGB was introduced in Iowa by Mason in 1967 
[2]. The original technique has experienced sev-
eral modifications. The current one includes divi-
sion of the stomach with the consequent creation 
of a small gastric pouch, followed by jejunal tran-
section and posterior Roux-en-Y reconstruction. 
This operation is considered as a mixed proce-
dure, because it combines restriction and malab-
sorption (Figs. 30.1 and 30.2).

 Sleeve Gastrectomy

The sleeve gastrectomy is a purely restric-
tive procedure, although resection of the 
fundus of the stomach might decrease tem-
porarily ghrelin levels, one of the hormones 
involved in the regulation of the appetite. The 
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operation includes removal of approximately 
three-fourth of stomach, with the subsequent 
reduction in gastric volume (Fig.  30.3). The 
first SG was performed in 2000, by Michel 
Gagner in New York. This  operation emerged 
as an attempt in decreasing complications after 
duodenal switch in super–super-obese patients. 
The SG was designed as a first step of a two-
stage procedure, which included a SG followed 

by a RYGB. The idea was to complete the sec-
ond step of the procedure once the patient had 
lost enough weight in order to decrease the risk 
of complications [3]. Years later, the American 
Society for Metabolic and Bariatric Surgery 
(ASMBS) recognized SG as a primary bariatric 
procedure, due to its effectiveness and safety 
already demonstrated during several consen-
suses [4–6].

Fig. 30.1 Roux-en-Y gastric bypass, gastrojejunostomy

Fig. 30.2 Roux-en-Y gastric bypass, jejuno-jejunostomy

Fig. 30.3 Sleeve gastrectomy
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 Classification of Obesity

Body mass index (BMI) calculation is the most 
utilized method to diagnose and classify obe-
sity. BMI results from the ratio between weight 
(kg) and height (m2). Obesity is categorized as 
follows:

• Obesity Class I: BMI 30–34.9 kg/m2

• Obesity Class II: BMI 35–39.9 kg/m2

• Obesity Class III: BMI ≥40 kg/m2

 Selection Criteria

According to the NHI consensus, patients with 
BMI >40  kg/m2 or between 35 and 40 with 
comorbidities such as type 2 diabetes, cardiovas-
cular disease, or physical alterations that inter-
fere with normal life are considered candidates 
for bariatric surgery [7]. Patients should be moti-
vated and well informed, and they must under-
stand benefits and risks of surgery.

 Results

So far, both procedures have been briefly intro-
duced, and selection criteria have been exposed. 
Advantages and disadvantages according to pub-
lished results will be discussed next.

 Effect on Type 2 Diabetes

One of the most classic publications approaching 
this topic is the STAMPEDE trial. In this study, 
150 obese patients with type 2 diabetes were ran-
domized to either medical or surgical treatment. 
Surgical treatment comprised SG and RYGB; 
patients were followed-up for 5  years. Primary 
outcome was HbA1c ≤6, with or without dia-
betes medications. At the end of the trial, 5.3% 
of the patients in the medical treatment (MT) 
group, 28.6% in the RYGB, and 23.4% in the SG 
group were able to achieve this goal. The statisti-
cal analysis showed that there was no difference 
between both surgical procedures; however, the 

difference was evident after comparison between 
MT versus RYGB (p = 0.01) and MT versus SG 
(p = 0.03).

The key part came after analyzing the need 
for any type of medication for type 2 diabetes 
control. Almost half of the patients (45%) in the 
RYGB group were not taking any medications. 
Remarkably, this number decreased to 25% in the 
SG group (p <0.05). This means that type 2 dia-
betes was better controlled, with fewer medica-
tions after RYGB than after SG [8].

An interesting meta-analysis including five 
randomized controlled trials (RTC), with 396 
patients (RYGB = 196 and SG = 200), was per-
formed by Li et  al. Remission was defined as 
fasting plasma glucose levels <126 mg/dL with 
HbA1c <6.5% without oral medications or insu-
lin. Authors concluded that both procedures were 
effective in the treatment of type 2 diabetes. 
However, the remission rate was much higher in 
the RYGB group (p = 0.001) [9].

Conversely, the following two studies did not 
find any statistically significant difference. Peterli 
conducted a randomized multicenter study in 
Switzerland, analyzing results from 217 patients 
who were appointed either to SG (n  =  107) or 
RYGB (n = 110). At 5-year follow-up, complete 
remission was observed in 61.5% of the patients 
of the SG group versus 67.9% in the RYGB 
group (p = NS) [10].

Similarly, the SLEEVEPASS randomized 
Clinical Trial performed in Finland included 238 
patients who were assigned to undergo either SG 
or RYGB. At 5-year follow-up, complete remis-
sion of diabetes was observed in 12% of patients 
undergoing SG and 25% of patients after RYGB 
(p  =  NS). No differences were found either in 
fasting plasma glucose or HA1c levels among 
both procedures at the same follow-up period. 
Authors attributed this disparity respect to other 
studies to possible differences in preoperative 
diabetes duration [11].

 Weight Loss

Schauer et al. also compared weight loss among 
groups. Change in BMI from baseline was −5, 
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−23, and −18 for MT, RYGB, and SG, respec-
tively. Statistical analysis showed significant 
differences among all comparisons (surgical vs. 
MT p <0.05 and RYGB vs. SG p = 0.01), being 
RYGB the best treatment option in terms of 
weight loss [8].

The following data comes from an attractive 
meta-analysis of 14 comparative studies (RYGB 
vs. SG), with 5264 patients. There were 2782 
RGYB (53%) and 2482 SG (47%). The primary 
end point was to compare mid- (3–5 years) and 
long-term (>5  years) weight loss between both 
procedures. Authors did not find any difference 
in weight loss at midterm follow-up. However, 
RYGB patients presented a clear superior weight 
loss in the long run (p <0.05) [12].

Furthermore, the study from Finland found 
superiority of RYGB over SG in terms of weight 
loss. At 5-year follow-up, mean excess weight 
loss (EWL) for SG was 49%, whereas that number 
scaled up to 57% for the RYGB group. Authors 
concluded that there was not equivalence, based 
on their predefined margins of equivalence [11].

Contrariwise, Peterli et  al. did not find any 
statistically significant difference in percentage 
excess BMI loss for SG compared with RYGB 
(61.1 vs. 68.3%, p  =  NS) at 5-year follow-up. 

Moreover, they found no difference in the pro-
portion of patients being able to reach a percent-
age excess BMI loss greater than 50% at 5 years 
(68.3% in the SG group vs. 76% in the RYGB 
group, p = NS) [10].

The subsequent numbers come from our own 
experience, not published yet. A total of 2839 
patients were operated. There were 2383 (84%) 
RYGB and 456 SG (16%). Interestingly, SG 
showed superior weight loss at 3 months. After 
that period of time, RYGB demonstrated better 
results steadily. At 6-year follow-up, the percent-
age of EWL was 61% for RYGB and 55% for 
the SG group (p <0.05); %EWL at every point in 
time are shown in Fig. 30.4.

 Complications

Zellmer et  al. published a remarkable meta- 
analysis that included 84 articles comparing risks 
associated to both procedures. The study involved 
11,000 RYGB and 5000 SG. Leak, bleeding, deep 
venous thrombosis (DVT), pulmonary embolism 
(PE), stomal stenosis/stricture, reoperation, and 
mortality rates were investigated. Complication 
rate was higher for RYGB in every category, 
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except for leaks. Nevertheless, statistical analysis 
showed significance only for bleeding and stomal 
stenosis/stricture (Table  30.1). They concluded 
that there is a generalized misconception about 
lesser risk after SG. They recommended choosing 
the operation based on individual patients’ char-
acteristics and institutional experience, instead of 
basing the decision only on risks associated with 
the procedure [13].

Conversely, Kumar et  al. investigated about 
30-day complication rate using the Metabolic 
and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP) data regis-
try. This database included 150,000 operations 
performed across the USA and Canada during 
2015. They found that leak rate and morbidity 
and mortality rates were significantly higher for 
RYGB than for SG (Table 30.2). Again, they con-
cluded that in spite of this, RYGB should not be 
abandoned and that the short-term complications 
needed to be weighed against differences in the 
mid- and long-term outcomes [14].

Authors from the SM-BOSS (Swiss 
Multicenter Bypass or Sleeve Study) did not 
observe any statistical significant difference 
in either early (SG, 0.9% vs. RYGB, 4.5%, 

p  =  NS) or late complications (SG, 14.9% vs. 
RYGB, 17.3%, p  =  NS) occurrence among the 
two procedures. Also, the need for reoperation or 
endoscopic revision was evaluated. Again, no dif-
ference was found between both operations. De 
Novo GERD or worsening of preexisting GERD 
was the most frequent cause of reoperation after 
SG, while insufficient weight loss was the sec-
ond one. Instead, the most common reason for 
reoperation after RYGB was internal hernia. Of 
note, they explained that closure of mesenteric 
defects was not mandatory during the trial, so 
the incidence of internal hernias could have been 
reduced by adding that step to the operation [10].

The group conducting the SLEEVEPASS trial 
did not detect any differences in terms of early or 
late complications either. Specifically, late com-
plications were reported in 19% of cases after 
SG and 26% of patients after RYGB (p = NS). 
Remarkably, their observations were concurrent 
with those coming from the Swiss study. The 
most frequent cause of reoperation after SG was 
intractable GERD, while internal hernia was the 
most common after RYGB.  Again, mesenteric 
defects were not closed during this trial [11].

Outcomes coming from our experience were 
also analyzed in terms of complications (Gorodner 
V, Matucci A, Grigaites A. (2018), data unpub-
lished yet). Complication rate was 9% for RYGB 
and 5% for SG (p <0.05). It is worth mentioning 
that when complications were divided into mild 
and severe; the difference remained significant 
only for mild complications (Table 30.3).

 Gastroesophageal Reflux Disease

Before presenting the different experiences, the 
correct approach for diagnosing GERD should 
be briefly reminded. Unfortunately, there is a 
generalized misunderstanding, since diagnosis of 
GERD is usually based only on symptoms which 
are not completely reliable for this type of disease 
[15]. All the steps are complementary, and none 
of them should be avoided. Symptom assess-
ment, upper gastrointestinal series (UGI), esoph-

Table 30.1 Complication rate; comparison between 
RYGB and SG [11]

Complication (%) RYGB SG p
Leak 1.9 2.3 NS
Bleeding 3.1 2 0.001
DVT/pulmonary embolism 0.7 0.6 NS
Stomal stenosis/stricture 3.4 1.3 0.001
Reoperation 4.4 3.4 NS
Mortality 0.4 0.2 NS

DVT deep venous thrombosis, RYGB Roux-en-Y gastric 
bypass, SG sleeve gastrectomy

Table 30.2 Complication rate; comparison between 
RYGB and SG [12]

Complication (%) RYGB SG p
Leak 1.5 0.7 <0.001
Comorbidities 11.6 5.7 <0.001
Mortality 0.2 0.1 <0.001

RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy
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agogastroduodenoscopy (EGD), and esophageal 
function tests (esophageal manometry and 24-h 
pH monitoring or Bravo™ pH monitoring) 
should all be ordered to achieve an accurate diag-
nosis. The importance of the last two tests should 
be mentioned apart. The esophageal manometry 
provides information about the motility of the 
esophagus allowing to exclude primary esopha-
geal motility disorders. It also allows to locate 
precisely the lower esophageal sphincter (LES), 
for posterior correct placement of the pH moni-
toring catheter. The 24-h pH/Bravo™ pH moni-
toring are the only objective elements available 
for this process, allowing to rule out/confirm the 
presence/absence of GERD. Clarification of the 
former concepts should be useful at the time of 
interpreting the literature. Next, data published 
based on objective studies will be presented.

 Sleeve Gastrectomy

Bugherhart et  al. published their results on 20 
patients undergoing SG.  Esophageal manom-
etry showed that LES pressure significantly 
decreased from 18.3 to 11  mmHg (p  =  0.03) 
(normal value 14–24  mmHg). Remarkably, the 

24-h pH monitoring demonstrated that esopha-
geal acid exposure increased significantly, 
with % time with pH <4 going from 4.1 to 12 
(p = 0.004) (normal value <4.5) [16]. In another 
study conducted by del Genio et al., results from 
25 patients before and after SG were analyzed. 
LES pressure did not show major changes: 21.3 
vs. 22 mmHg before and after SG, respectively 
(p  =  NS). However, the DeMeester score rose 
from 9 to 18.4 (p = 0.041) (normal value 14.7) 
[17]. Thereaux et  al. studied 50 patients under 
the same circumstances. They divided patients 
into two groups: group 1 = normal preoperative 
pH monitoring and group 2 = abnormal preop-
erative pH monitoring. They found that 69% of 
patients in group 1 had the novo GERD, although 
33% of patients in group 2 were able to resolve 
their preexisting GERD [18].

Our group studied 14 patients before and 
after SG.  LES pressure dropped from 17.1 
to 12.6  mmHg after the surgery (p  <0.05). 
Moreover, the DeMeester score increased from 
12.6 to 28.4 (p <0.05). Analyzing GERD status 
after SG, 21% of patients showed worsening 
of their disease, while 36% of patients had de 
novo GERD.  Interestingly enough, one-third of 
patients with documented GERD after SG did 

Table 30.3 Complication rate; comparison between RYGB and SG (our experience, Gorodner V, Matucci A, Grigaites 
A. (2018), data unpublished)

RYGB (2383) Reoperation LSG (456) Reoperation p
Severe complications
Leak 4 (0.1%) 4 – – –
Intra-abdominal bleeding 20 (0.8%) 8 10 (2%) 6 –
GI bleeding 24 (1%) 3 1 (0.2%) – –
Internal hernia 36 (1.5%) 36 – – –
SBO 9 (0.4%) 9 – – –
SBO + intestinal necrosis 2 (0.08%) 2 – – –
Portal-splenic thrombosis 1 (0.04%) –
Pulmonary embolism – 1 (0.2%) –
Total severe 96 (4%) 62 12 (2.6%) 6 NS
Mild complications
Abdominal pain 7 (0.3%) 4 – – –
Pneumonia 3 (0.1%) 3 (0.6%) – –
Stenosis G-J 67 (2.8%) – – –
Wound infection 24 (1%) 7 (1.5%) – –
Ulcer 23 (1%) – – –
Pancreatitis 1 (0.04%) – – –
Total mild 125 (5%) 4 10 (2%) – 0.007

RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy, SBO small bowel obstruction, G-J gastro-jejunum
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not report any symptoms. This means that based 
on symptoms, these patients would have been 
considered reflux-free [19].

Conversely, Rebecchi et al. found a beneficial 
effect of SG on GERD.  They described a sig-
nificant reduction in the DeMeester score, which 
went from 39.5 to 10.6. However, the incidence 
of de novo GERD was still 5.4% [20].

This issue becomes more worrisome when 
data about Barrett’s esophagus (BE) were ana-
lyzed. Genco et al. reported their experience on 
110 patients. EGD was performed before SG 
and repeated at 5-year follow-up. None of the 
patients had BE before SG. At last follow-up, the 
incidence of BE was 17.2% (p <0.001) [21].

 Roux-en-Y Gastric Bypass

The opposite effect was observed after 
RYGB. Mejia-Rivas et al. investigated the effect 
of RYGB on GERD in 20 patients. On esopha-
geal manometry, LES pressure was slightly 
increased postoperatively, going from 18 to 
20.1  mmHg (p  =  NS). On pH monitoring, the 
DeMeester score significantly decrease from 
48.3 to 7.7 (p <0.001). Only one patient (5%) 
had abnormal esophageal acid exposure with 
heartburn as the main symptom [22]. In another 
interesting publication, Madalosso et al. studied 
the effect of banded RYGB on 53 patients pre-
operatively, at 6 and 39 months postoperatively. 
On EGD, the prevalence of reflux esophagitis 
decreased from 45% preoperatively to 19% in 
the last follow-up (p = 0.001). Nevertheless, de 
novo esophagitis appeared in 17% of the patients 
at 6 months, although this number decreased to 
7% at 39 months follow-up. DeMeester score fell 
from 28.6 preoperatively to 1.2 at 39 months fol-
low- up (p <0.001). They supposed that reduction 
in abdominal pressure, improvement in gastric 
emptying after weight loss, and reduced gastric 
output might explain these findings [23].

Our group examined the effect of RYGB on 
GERD in 13 patients. Esophageal manometry 
demonstrated almost no difference in pre- and 
postoperative LES pressure (15 vs. 14  mmHg, 
respectively, p  =  NS). The difference became 

evident when analyzing the DeMeester score, 
which dropped from 36 preoperatively to 11 
after the operation (p <0.001). When evaluating 
the GERD status, 69% of patients were able to 
resolve their GERD, 23% showed improvement, 
and 8% remained the same (Gorodner V, Matucci 
A, Grigaites A. (2018), data unpublished). This 
became even more interesting when the effect 
on Barrett’s esophagus was assessed. From 1681 
patients who underwent RYGB in our group, 19 
(0.9%) were diagnosed with BE preoperatively. 
Of those, 11 were ready to be included in our anal-
ysis; there were 9 short-segment BE (SSBE) and 
2 long-segment BE (LSBE). None of them had 
dysplasia. At 41 months follow-up, four patients 
(36%) showed regression of BE (three SSBE and 
one LSBE). Of note, none of the remaining seven 
patients showed progression of the disease [24].

 Discussion

 Analyzing the Arguments That Might 
Explain the Rise in SG Numbers

 No Anastomosis
It is well known that an anastomosis performed 
at any segment of the digestive tract might be 
related to complications such as leaks, marginal 
ulcers, bleeding, and stomal stenosis. The fact 
that SG does not comprise any anastomosis in its 
technique might be considered as an advantage. 
However, stenosis at the gastrojejunostomy is 
one of the most frequent complications reported 
after RYGB, at a rate of 4 to 6% approximately 
[25]. Fortunately, stenosis is successfully treated 
with pneumatic dilatation, which is considered a 
relatively simple procedure. For instance, Caro 
et  al. published their experience on 200 endo-
scopic balloon dilatations in 111 patients; 75% of 
the patients required only one session to treat the 
stenosis. The remaining patients demanded two 
or more sessions [26].

 No Mesenteric Defects
Internal hernias due to mesenteric defects might 
become a worrisome complication. There is a wide 
range of presentation that goes from a noncom-
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plicated small bowel partial obstruction to small 
bowel necrosis. An incidence as high as 14% has 
been reported [27]. The lack of mesenteric defects 
is an unquestionable benefit that SG has. Geubbels 
et  al. performed a meta-analysis of 45 articles 
including 31,320 patients. They concluded that the 
incidence of internal hernias can be lowered down 
to 1% if the antecolic route is used, adding mesen-
teric and Petersen’s defects closure [28].

 No Malabsorption
Although the bypassed segment of small bowel 
might be short, the RYGB has been traditionally 
associated to nutritional deficiencies. Saltzman 
et  al. described several mechanisms that might 
contribute to this phenomenon. Among them, 
reduced food intake, suboptimal dietary quality, 
altered digestion and absorption, and nonadher-
ence to supplementation regimens can be enu-
merated. The most common clinically relevant 
micronutrient deficiencies after RYGB include 
thiamine, vitamin B12, vitamin D, iron, and cop-
per. They confirmed that severe sequelae of nutri-
ent deficiencies are uncommon and that they are 
preventable by appropriate supplementation [29].

The fact that SG is a purely restrictive proce-
dure makes this operation an appealing alterna-
tive. However, nutritional deficiencies involving 
iron, folate, vitamin B12, and vitamin D had been 
reported in the literature, even at a long-term fol-
low- up. Authors concluded that patients had low 
adherence to nutritional supplementation regi-
men, and as a consequence, long-term follow-up 
and supplementation were crucial for SG [30].

 Lower Incidence of Dumping Syndrome
While any kind of gastric resection carries the 
risk of dumping syndrome (DS), the incidence of 
this complication seems to be much higher after 
RYGB than after SG. Ramadan et al. compared 
the incidence of DS after SG (Group A  =  268 
patients), RYGB with mechanical gastrojejunos-
tomy with 30-mm linear stapler (Group B = 229 
patients) and RYGB with 15-mm hand-sewn 
gastrojejunostomy (Group C= 44 patients). At 6 
months, the rate of DS for group A was 1.12%, 

for Group B was 18.78%, and for Group C was 
0%. They concluded that the lesser the anasto-
mosis diameter, the fewer the chances of experi-
encing DS. Moreover, dietary modifications are 
key to avoid this uncomfortable syndrome [31]. 
In summary, even though the incidence of DS is 
higher for the RYGB, the SG is not free of this 
complication, and patients should be instructed 
in order to avoid it.

 The Stomach Can Be Accessed by 
Endoscopy
The impossibility of accessing the gastric remnant 
and the duodenum after RYGB constitutes one of 
the most real disadvantages of this procedure. 
Consequently, patient’s characteristics should be 
carefully evaluated before choosing this opera-
tion. For instance, special attention should be 
paid to patients receiving anticoagulation. Also, 
a regular endoscopic retrograde cholangiopan-
creatography (ERCP) to access the biliary tract 
would not be possible after RYGB. Patients who 
need surveillance of certain pathologies, such 
as incomplete intestinal metaplasia, should not 
undergo RYGB, unless removal of the gastric 
remnant is performed.

 A Less Complex Technique
There is no question that SG demands less sur-
gical dexterity than RYGB. RYGB, instead, 
requires advanced skills in laparoscopic sutur-
ing and stapling. In addition, all these tasks 
must be performed in obese individuals, making 
every task more challenging. It is well known 
that complications after any type of surgery 
decrease after the learning curve is overcome. 
Several years ago, Schauer et  al. investigated 
the effect of operative experience on periopera-
tive outcomes after laparoscopic RYGB. They 
found that operative time and complication rate 
decreased after 100 cases [32]. It is evident that 
RYGB is associated with an extensive learn-
ing curve. Hence, surgeons willing to perform 
RYGB should be adequately trained before 
starting their practice.

V. Gorodner et al.
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 Summarizing Effects of Both 
Procedures on Type 2 Diabetes, 
Weight Loss, Complications, 
and GERD

 Effect on Type 2 Diabetes
Data in the literature are diverse. The least that 
could be said is that both procedures are effec-
tive in controlling type 2 diabetes. However, it 
seems that RYGB would be more effective in 
achieving disease control with the need of fewer 
medications.

In summary, after reading the literature, the 
following conclusions could be drawn:

 1. Some publications state that RYGB achieves 
better diabetes control.

 2. Some publications state that RYGB and SG 
are equally effective.

 3. None of the articles mentioned SG as a better 
option for the treatment of diabetes.

Therefore, we recommend choosing RYGB 
for the treatment of obese patients with type 2 
diabetes.

 Weight Loss
Weight loss appears to be superior after 
RYGB.  Nevertheless, differences between both 
procedures do not seem to be categorical at the 
time of electing the type of surgery, although they 
do play a role. We recommend favoring the elec-
tion of RYGB for those patients that need to lose 
more weight.

 Complications
Undoubtedly, RYGB carries a higher complica-
tion rate than SG. However, some studies were 
not able to find such difference.

Analyzing the type of complication in 
detail is critical before judging this aspect. For 
instance, special attention should be turned to 
leaks after bariatric operations, since they are 
one of the most feared complications. It is well 

known that the management of a leak after SG 
results more challenging, due to the presence 
of a long staple line. In addition, the existence 
of stenosis along the SG should be ruled out, 
since this might perpetuate the leak. Even the 
pylorus that increases the intragastric pressure 
could play a role making the leak persistent. 
Therefore, complication rate should not be the 
main factor to consider when selecting the cor-
rect operation for each patient.

 Gastroesophageal Reflux Disease
After careful evaluation of objective data pub-
lished in the literature, it is evident that SG is 
clearly related to GERD and that RYGB would be 
the best option for the treatment of obesity asso-
ciated with GERD. The same concept applies for 
obesity and BE.

Possible factors associated with GERD after 
SG include the construction of a narrow con-
duct with the consequent increase in intragas-
tric pressure, decrease in gastric volume, and 
compliance. Also, the distortion of the angle of 
His with the subsequent damage of one of the 
components of the anti-reflux barrier certainly 
plays a role. Instead, RYGB comprises the con-
struction of a small gastric pouch, the exclu-
sion of the fundus, most part of the body, and 
the antrum and the Roux-en-Y configuration 
resulting in decreased GERD, independently 
of weight loss occurrence. Several studies con-
firmed this observation [23, 33].

Therefore, we strongly recommend perform-
ing esophageal functions tests for SG candidates. 
If GERD is documented, RYGB would be the best 
treatment option. Moreover, patients undergoing SG 
should be warned that they might develop GERD, 
requiring long-term use of proton pump inhibitors 
or even conversion to a RYGB. They also should 
know that EGD should be performed periodically to 
look for possible esophagitis and/or BE.
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Evaluation and Treatment 
of the Patient Who Is Regaining 
Weight

A. Daniel Guerron and Ranjan Sudan

 Introduction

Obesity is a significant worldwide problem. This 
emerging healthcare epidemic affects millions 
of people in the United States [1]. Moreover, 
increasing BMI is associated with greater comor-
bidity burden affecting a patient’s quality of life 
and results in greater cost burden to the nation [2, 
3]. A similar pattern is seen all over the world in 
both industrialized and developing countries [4]. 
Likewise, bariatric surgery offers the best long- 
term outcomes regarding weight loss and comor-
bidities resolution [5]. Accordingly, the number 
of bariatric operations has increased during recent 
years. According to the last IFSO worldwide sur-
vey, 685.874 operations were performed during 
2016, of which 92.6% were primary and the rest 
were revisional operations [6]. Sleeve gastrec-
tomy (SG) was the most performed operation 
worldwide (53.6%), followed by the Roux- en- Y 
gastric bypass (RYGB) (30.1%), and one-anasto-
mosis gastric bypass (OAGB) (4.8%) [6].

Morbidity and mortality related to bariatric 
procedures have improved due to developments 
in technology and training of surgeons. Currently, 
mortality is less than 1%, and morbidity is under 
10% [7–9]. However, one long-term concern 
is weight regain and may represent one of the 
most important long-term considerations after 
bariatric surgery [10]. Moreover, weight regain 
can be associated with either development or 
return of previously resolved or well-controlled 
obese- related comorbidities such as type 2 dia-
betes [11]. Weight regain has been described as 
the most common reason for revisional surgery 
accounting for 52.2% of these operations [12]. 
In addition, the reported incidences vary depend-
ing on the primary operation and follow-up. 
Braghetto et al. reported 40% of patients regain-
ing weight after SG at 5-year follow-up, [13] and 
Torquati et al. reported a weight regain of 17.1% 
for RYGB at 2-year follow-up [14].

Weight recidivism is recognized as a signifi-
cant problem, but there is no consensus now on 
the correct nomenclature. Some terms that are in 
common use include weight regain, weight recid-
ivism, and insufficient weight loss. Generally, 
there is agreement in the bariatric community 
that obesity is a chronic disease, that weight 
regain may be related to multiple etiologies, 
and a multifactorial approach to its treatment, is 
critical. Options for treatment include behavioral 
modifications, pharmacological intervention, 
endoscopic revision, and surgical operations. 
Surgical revisional operations are deemed safe 
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but are associated with statistically significant 
higher morbidity and mortality that is acceptable 
from a clinical perspective [15].

This chapter describes the current definitions 
of weight recidivism in RYGB and LSG, ini-
tial diagnosis and management, and up-to-date 
interventions. Different endoscopic and surgi-
cal interventions with their respective outcomes, 
technical tips and pitfalls, and their outcomes are 
explored.

 Definition of Weight Regain After 
Bariatric Surgery

Currently, there is no consensus to report suc-
cess in bariatric surgery. Different authors 
have used various methods to describe success 
of weight loss operations in the literature. In 
order to avoid misinterpretation, ASMBS has 
proposed a standardization of terms and cal-
culations to report surgical weight-related out-
comes [16]. These definitions are important in 
understanding the literature on weight regain. 
However, success of weight loss after reopera-
tions is reported variously as either from the 
time of the index operation or from the time of 
revision. It is also clear that body mass index 
(BMI) is a poor indicator of the percent of 
body fat since it does not capture information 
on the fat mass in different body sites [17]. 
Hence, BMI and those values that use BMI for 
their calculation as percentage of the excess of 
weight loss (%EWL) may not be the best way 
to describe weight regain. For this reason, per-
centage of total weight loss (%TWL) after the 
primary operation and after revision may be the 
best indicator of body mass loss after bariatric 
surgery and for description of weight regain. 
Historically, a successful bariatric operation 
was defined by Brolin as loss of 50% EWL 
or more [18], and this criterion has been used 
by several authors to publish their outcomes. 
Success can also be described using Reinhold’s 
criteria [19], which were modified by Christou 
[20], in which a good outcome is defined as 
postoperative BMI of less than 35  kg/m2 and 
excellent when it is less than 30 kg/m2.

Weight regain also needs to be differentiated 
from the failure to lose adequate weight after a 
primary bariatric operation. The most common 
definition of weight regain is an increase of body 
weight of more than 10 kg from the nadir [21], 
although other definitions can be found in the 
literature. Weight regain rates for SG have been 
reported as high as 75.6% at 6 years follow-up 
[22], but unfortunately, these authors did not 
report the definition that was used for this pur-
pose. Recently, Casella et  al. reported their SG 
outcomes at 10 years [23] and found that out 
of 182 patients, 10.4% had weight regain using 
the definition mentioned. Lauti et  al. analyzed 
a cohort of 96 patients and applied 6 different 
types of definition of weight regain [24]. Using 
these different definitions, the proportion of 
patients with weight regain ranged from 9% to 
91%, depending on the definition used. These 
data show that reports can vary due to a lack of 
standardization of nomenclature. Weight regain 
after RYGB operations over long-term follow-
up has also been reported [25]. Christou et  al. 
[20] reported a failure rate of 20.4 and 34.9% at 
10 years based on final BMI ≥35 kg/m2 for mor-
bidly obese and BMI ≥40 kg/m2 for super obese, 
respectively. Cooper et  al. [26] reported a 23% 
mean weight regain from nadir over an average 
of 7 years of follow-up among 276 respondents, 
via a self-administered questionnaire. Recently, 
Kothari et al. published their 10-year results after 
RYGB [27]. Patients had a mean 79% EWL at 
18 months, but that number decreased to 50% at 
12-year follow-up [27].

 Factors Involved in Weight Regain

Many etiologies have been proposed to explain 
weight regain. The success of treatment of obe-
sity lies in multiple factors, each playing an 
important role. There must be a perfect balance 
between the characteristics of the patient, man-
agement by the multidisciplinary team, and the 
chosen surgical technique. Currently, there is no 
perfect way to do this, and surgeons and patients 
often choose the simplest operation that is asso-
ciated with the least likelihood of complica-
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tions. This accounted for the previous popularity 
of the LAGB and the current rise of the sleeve 
 gastrectomy. For these reasons, the causes for 
weight loss failure or weight regain are grouped 
according to those dependent on the patient, the 
multidisciplinary team, and the surgery. The 
multidisciplinary management should aim their 
efforts in maximizing weight loss while prevent-
ing nutritional problems.

 Patients Demographic

Preoperative BMI is one of the strongest predic-
tors of weight loss after bariatric surgery, and 
higher initial BMI (>60) predicts inadequate 
weight loss at 12 months [28]. Younger patients 
are more likely to experience significant weight 
regain. In a study of 244 previously successful 
patients, younger patients were more likely to 
experience significant weight regain both at 96 
and 120 months of follow-up [29]. Multivariate 
analysis revealed that younger age was a signifi-
cant predictor of weight regain even after adjust-
ing for duration after RYGB [14]. Conversely, 
some authors have reported that older age (>60) 
predict poor weight loss [28]. Recently, Keith Jr. 
et al. found that white race, male sex, and higher 
socioeconomic status were risk factors for weight 
regain after surgery [30]. Interestingly, patients 
who waited longer than 18  months for surgery 
and had preoperative weight gain also had inad-
equate weight loss [28].

 Behavioral Evaluation

The adoption of preoperative behavioral evalu-
ation is important when deciding on bariatric 
surgery. Patients who lack compliance with fol-
low-up appointments after surgery and increase 
their calorie intake are at increased risk of weight 
regain [31]. Patients must clearly understand the 
objectives of the surgery and agree on expecta-
tions in conjunction with the surgeon and the mul-
tidisciplinary team. Detecting and treating eating 
disorders before surgery are mandatory because it 
can influence weight loss and subsequent weight 

regain. Kofman et al. described patients that have 
eating disturbances and uncontrolled desire to eat 
are more predisposed to regain weight after their 
surgeries [32, 33]. Rutledge et  al. evaluated 60 
patients who underwent a RYGB [34] and found 
that two or more psychiatric disorders were asso-
ciated with less weight loss and more weight 
regain at 1 year after surgery.

 Biological Factors

After bariatric surgery hormonal patterns change 
drastically, and that may explain many of sur-
gery’s effects and benefits. Moreover, hormonal 
pathways have been suggested to explain poor 
weight loss and weight regain [35]. Santo et al. 
described a study in which they found that 
patients who had weight regain also had less ele-
vation of GIP and GLP-1 levels after meals [36], 
and this was predictable on preoperative evalua-
tion. Tamboli et al. described that high preopera-
tive levels of ghrelin might identify patients who 
have weight regain after surgery [37]. However, 
these findings have not been corroborated by 
other authors [38].

Another interesting argument is the set point 
theory that postulates that the body will defend 
a predetermined set point to preserve body mass 
and function. A disproportionate reduction of fat- 
free mass may suppress the resting metabolic rate 
in order to preserve muscle mass. This translates 
in less efficient calorie consumption and decrease 
in caloric requirements, thus promoting weight 
gain [39].

 Multidisciplinary Team

Compliance with follow-up positively influ-
ences weight loss after bariatric surgery [40]. 
Nutritional and psychological counseling after 
bariatric surgery is mandatory. The team must 
arrange the postoperative visits according to the 
resources available locally. It is important for the 
patient to understand that after bariatric surgery, 
lack of nutritional counseling and compliance 
during postoperative status will determine poor 
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outcomes [41]. Early detection of weight regain 
can be appropriately managed by the dietary 
team in order to avoid future weight issues [42]. 
Psychological evaluation for bariatric patients 
must be individualized [43]. Closer follow-up by 
the mental health team is mandatory in order to 
treat preoperative conditions or detect new psy-
chological disorders that might affect outcomes 
[44]. In addition, physical therapy after bariatric 
surgery is important [45]. Exercise can improve 
a patient’s metabolic profile and provide benefits 
in addition to the metabolic effects of bariatric 
surgery [46] and can help maintain weight and 
avoid future weight regain [47].

 Technical Factors

Several factors related to the primary bariatric oper-
ation can be potential reasons for weight recidivism. 
These anatomical changes can arise from inappro-
priate surgical technique or be an evolution in the 
natural history of the postoperative course. Several 
authors have proposed mechanisms to explain 
weight regain after bariatric surgery [21, 35] and are 
presented separately for RYGB and SG.

 Factors Associated for RYGB

Weight regain has been attributed to certain ana-
tomical factors such as the size of gastrojejunal 
(G-J) stoma, size of the pouch, and gastrogastric 
(G-G) fistula. Previously, the Cleveland clinic 
group defined an enlarged stoma as one that mea-
sured more than 2 cm, and the pouch was consid-
ered to be enlarged or dilated if it was >6 cm in 
length or >5-cm-wide [48]. Later, Haneghan et al. 
analyzed a population for weight regain patients 
and found that a dilated stoma (>2 cm) was an 
independent predictor for weight regain but could 
not find any statistical difference related to pouch 
dimensions [49]. Abu Dayyeh et al. showed that 
stoma diameter was significantly associated with 
weight regain after RYGB. At 5 years after the 
RYGB, each 10-mm dilatation in the G-J stoma 
diameter was associated with a substantial weight 
regain [50].

The results regarding pouch size have been 
unclear. Roberts et al. studied 320 patients who 
underwent a RYGB at Yale University Hospital 
and found that pouch size has a direct effect on 
weight loss at 6 and 12 months after surgery [51]. 
However, other experiences have not found any 
relation between pouch size and weight regain 
[49, 52]. In addition, gastrogastric (G-G) fistula 
must be ruled out as a cause of weight regain. 
The restrictive and hormonal effect of the gastric 
pouch can be diminished if there is a communica-
tion with the excluded stomach. If a G-G fistula 
is found during investigations for weight regain, 
revisional surgery to eliminate the G-G fistula 
may be helpful.

 Factors Associated for SG

SG is the most commonly performed procedure 
in the world because of excellent weight loss, res-
olution of comorbidities, and technical simplic-
ity. However, SG has technical steps that must be 
followed to avoid poor weight loss and decreased 
comorbidity resolution, as well as lower morbid-
ity and mortality. Several anatomical factors have 
been described as a cause for weight regain after 
SG [21]. The volume of the resected stomach has 
been suggested as a predictor of failure or weight 
regain [53]. Bougie size is directly related to 
the amount of stomach that is resected during a 
SG. However, Parikh et al. did not find any asso-
ciation between smaller bougie size and better 
weight loss [54], and small bougie size has been 
described as a risk factor for complications such 
as more nausea, vomiting, strictures, and perhaps 
reflux symptoms [55]. Typical bougie size ranges 
from 32 to 40 Fr. Experts tend to use larger 
bougie size. It is more important to perform an 
appropriate resection of the gastric fundus to 
avoid its dilatation and subsequent decrease in 
the restrictive effect of the SG than simply focus 
on the bougie size [56].

Nonetheless, Braghetto et  al. could not find 
a direct relation between sleeve dilatation and 
weight regain at 5-year follow-up [13]. Large 
antral remnant has also been described as a risk 
factor for weight regain [57, 58]. Recently, a 
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 meta- analysis showed that antral resection has 
better weight loss compared with patients with 
antral preservation, without differences in com-
plications rate [59]. Nevertheless, the impact of 
the antral remnant in long-term weight loss and 
or weight regain is unknown and needs further 
investigation.

 Predictors for Weight Regain

Patients must be evaluated carefully starting at 
their first postoperative visit to identify those 
who are at risk of suffering weight failure. For 
patients with weight regain, anatomical factors 
described in the previous section must be evalu-
ated to identify a cause for weight gain as a G-G 
fistula or a dilated pouch or stoma.

Currently, a postoperative scoring system to 
define patients at risk for future weight regain 
does not exist. Weight loss nomograms to iden-
tify patients who fail to lose adequate weight 
after the initial operation have been described 
[60]. Evaluating patients with these nomograms 
can indicate those at risk for suboptimal weight 
loss during the first year after surgery. Weight 
loss velocity greater than 2%/week, during the 
first 14 weeks after surgery, is a good indicator of 
optimal weight loss at 12-months [60]. Another 
study by Shantavasinkul et  al. identified longer 
interval and younger age as preoperative predic-
tors for weight regain after RYGB [14], but addi-
tional factors are also likely involved in weight 
regain.

 Initial Assessment

Initial evaluation starts begins with obtaining 
previous bariatric history with particular empha-
sis on initial weight, the presence of comorbidi-
ties, nutritional history, complications from prior 
operations, and interventions. For RYGB, it is 
imperative to obtain operative notes of the index 
operation in order to understand limb lengths, 
and anatomic relationships, as well technique 
for pouch formation and G-J anastomosis. In 
addition, for SG the bougie size, and technique 

for dissection of the proximal stomach, is impor-
tant. Any potential intraoperative complications 
encountered in the initial operation will further 
help in operative planning. With these details, an 
organized approach can be followed, to discern if 
weight gain is related to a complication from the 
previous operation or an abnormal eating pattern. 
It is essential to ask if patients feel a sensation 
of restriction, dumping, or other gastrointestinal 
symptoms. Most of the time, several factors may 
play a role in weight regain, and it is difficult to 
find only one cause. As was stated previously, a 
multidisciplinary approach is mandatory, and sur-
geons should be cognizant that weight regain is 
often not purely a technical issue, which can be 
resolved by more surgery. Communication with 
the previous surgeon is encouraged but not always 
possible. Finally, a complete anatomical study of 
the digestive tract is needed using an UGI and 
EGD.  It is essential to evaluate the patients for 
anatomical alterations already described such as 
dilatation of the gastric pouch, dilatation of the 
G-J anastomosis, neo-fundus, G-G fistula, etc., 
by an endoscopist experienced in the evaluating 
bariatric patients. More complex studies like CT 
scan or abdominal MRI are obtained, if necessary.

 Management

 Medications

Several studies have been conducted to study 
the effect of adding medications to patients with 
weight regain in order to achieve better outcomes 
[61–63]. Medication prescription could be an 
exciting approach for patients who are not candi-
dates for revisional surgery due to their high sur-
gical risk [61]. Different medications have been 
used as an adjunct, but phentermine and its com-
binations with topiramate are the most studied 
[61–63]. Likewise, RYGB patients have shown 
the best weight loss when a medication is used as 
an adjunct for inadequate weight loss or weight 
regain [61, 62]. Although, pharmacotherapy for 
supplementing weight loss seems is promising, 
future investigations are needed to clarify which 
patients are most suited for medication treatment.

31 Evaluation and Treatment of the Patient Who Is Regaining Weight



300

 Revisional Procedures for RYGB

 Gastric Pouch Banding
Adding a gastric band in order to improve restric-
tion might be an alternative to treating weight 
regain after RYGB. This option can offer addi-
tional weight loss and has shown good outcomes 
[64–66]. In a systematic review made by Vijgen 
et  al., the authors found that adding a salvage 
band around the failed pouch could provide addi-
tional weight loss in cases of weight regain [67]. 
This approach has become less common as band 
usage, in general, has fallen out of favor due to 
concerns of slippage and erosion.

 Pouch Reduction
If investigation of the digestive tract shows a 
dilated pouch, that is, a volume greater than 
30–50 cc, and the patient reports a loss of restric-
tive feeling when eating, some investigators pro-
pose pouch reduction. This can be performed 
laparoscopically and may include narrowing of 
the stoma. Ianelli et al. reported their experience 
with this procedure in 20 patients [68]. EWL at 
20-month follow-up was 69.1%, although a 30% 
complication rate was also reported. Conversely, 
Parikh et al. did not show any benefit to reduc-
ing the pouch size with regard to weight loss 
[69]. Al-Bader et  al. showed their experience 
with laparoscopic pouch resizing [70]. Authors 
reported %EWL of 29.1%, with a median follow-
up of 14.1 ± 6.2 months, and complication rate 
of 15.6% [70]. Therefore, longer follow-ups are 
necessary in order to evaluate the real impact of 
pouch resizing.

 Stoma Reduction and Endoscopic 
Procedures
Trans-oral outlet reduction (TORe), restorative 
obesity surgery endoscopic (ROSE), endoscopic 
sclerotherapy, and endoscopic gastric plication 
(EGP) have been described for the management 
of stoma and pouch dilatation. TORe consists 
of placing different suture patterns (i.e., inter-
rupted or purse-string pattern) to surround the 
dilated stoma and to reduce stoma size. Recently, 
Jiranpinyo et  al. explored the feasibility of this 
procedure in 252 patients. The authors demon-

strated the safety and feasibility of the technique 
and demonstrated additional weight loss [71]. 
Schulman et  al. compared the two suture pat-
terns. The purse-string technique offered better 
%EWL at 12  months compared to interrupted 
suture (19.8 vs. 11.7, p <0.001) [72].

ROSE is also an endoscopic approach used to 
decrease the size of the gastric pouch and stoma 
by placement of anchors to create tissue folds at 
the stoma and around the pouch wall. Horgan 
et  al. published a multicenter experience using 
this endoscopic technique in 116 patients [73]. 
The procedures were performed safely, with no 
significant complications. At 6-month follow-up, 
patients reported an increase in satiety and mean 
%EWL of 18% [73]. Ryou et  al. described the 
use of ROSE in five patients with weight regain. 
The procedure was successfully carried out in all 
patients, and mean weight loss at 3 months was 
7.8 kg [74].

Sclerotherapy also has been demonstrated 
to reduce the size of the dilated stoma [75]. By 
injecting the sclerosing agent into the G-J anas-
tomosis, a scar forms that leads to a decrease in 
the diameter of the stoma. This procedure seeks 
to increase the feeling of fullness after meals, but 
it is not widely used.

Endoscopic gastric plication (EGP), using 
StomaphyX (EndoGastric Solutions, Redwood 
City, CA), has been developed to create gastric 
plications or folds that are held together using 
polypropylene fasteners placed under endoscopic 
visualization to reduce the size of the pouch and 
the G-J anastomosis. Ong’uti et  al. described a 
series of 27 patients using this endoscopic proce-
dure, and they found that patients reached weight 
loss during the first 6 months after EGP, but they 
regained beyond that [76]. In a randomized study, 
StomaphyX was not able to show any difference 
when compared to a sham procedure, and on 
account of this, the study was stopped [77].

 Conversion to Distal RYGB
RYGB revisional surgery may be challenging 
technically. Lysis of adhesions must be carried 
out carefully in order to identify the underlying 
anatomy precisely. Identifying, measuring, and 
marking the various bowel limbs by running the 
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bowel both antegrade from the gastric pouch and 
retrograde from the ileocecal are critical. Distal 
RYGB is a good option for weight loss, but it 
not offered as a primary procedure due to its 
risk of protein-calorie malnutrition [78]. In order 
to convert a RYGB to a distal RYGB, two dif-
ferent operations can be performed. In the first 
technique, the alimentary limb is divided next to 
the jejunojejunal anastomosis, and it is moved 
distally to create a new anastomosis with a lon-
ger biliopancreatic limb and a shorter common 
channel. The new anastomosis can be created 
according to a surgeon’s preferences [79–82]. 
In the other technique, the biliopancreatic limb 
is divided next to the jejunojejunal anastomosis 
and moved distally to create a new anastomosis 
75 cm proximal to the ileocecal valve resulting 
in a longer Roux limb [83]. In a recent system-
atic review, both techniques were demonstrated 
to be safe; however, the first modification (mak-
ing a longer biliopancreatic limb) showed better 
results with regard to additional weight loss but 
also had the highest protein-calorie malnutrition 
[84]. Ghiassi et al. [85] reported a retrospective 
review of 96 patients who underwent conver-
sion to distal RYGB during 5 years. In the first 
11 patients, the RYGB was modified by divid-
ing the Roux limb at the jejunojejunostomy and 
transposing it distally to create a shortened total 
alimentary limb length (TALL) of 250 to 300 cm. 
Of these, seven patients developed protein calo-
rie malnutrition and diarrhea requiring a second 
operation to lengthen the common channel by an 
additional 100 to 150 cm (TALL 400–450 cm), 
leading to resolution of all symptoms. The sub-
sequent 85 patients were converted to distal 
RYGB with TALL 400 to 450  in a single-stage 
operation. The authors reported a mean body 
mass index and mean excess weight loss at the 
time of distalization of 40.6  kg/m2 and 33.6%. 
At 1, 2, and 3 years after distalization, the mean 
body mass index was reduced to 34.4, 33.1, 
and 32.2 kg/m2, respectively, and excess weight 
loss improved to 41.9, 53.7, and 65.7%, respec-
tively. Diabetes resolved in 66.7%, hypertension 
resolved in 28.6%, hyperlipidemia resolved in 
40%, and sleep apnea resolved in 50% at 1 year. 
The 30-day complication rate and reoperation 

rates were 6.3 and 5.2%; an additional 7.3% 
(7/96) required reoperation for limb lengthening. 
Hypoalbuminemia developed in 21% at 3 years, 
but no increase in iron deficiency was observed. 
Calcium metabolism was affected by distaliza-
tion to a greater degree as 21% of patients dem-
onstrated low corrected calcium levels, 77% were 
deficient in vitamin D, and parathyroid hormone 
levels were above normal in 64% at 3 years.

The variations in techniques described to 
perform revisional distal RYGB makes it chal-
lenging to conclude which technique is better in 
order to obtain additional weight loss. However, 
a surgeon experienced in revisional surgery with 
a multidisciplinary team that is attentive to post-
operative nutritional management can optimize 
results and reduce chances of technical and nutri-
tional complications.

 RYGB Conversion to Biliopancreatic 
Diversion/Duodenal Switch
Primary biliopancreatic diversion/duodenal 
switch (BPD-DS) is a challenging operation, and 
the revision of RYGB to BPD-DS is even more 
so. The conversion can be done as a single- or 
two-staged procedure depending on surgeon 
expertise or technical issues encountered dur-
ing surgery (i.e., anesthesia time, cardiovascular 
events, etc.). Briefly, the gastrojejunostomy is first 
taken down, and the continuity of the stomach is 
established. Then, a modified sleeve gastrectomy 
is performed, which typically comprises of a fun-
dectomy and transecting the duodenum beyond 
the pylorus and just above the gastroduodenal 
artery. A duodenoilelal anastomosis is then con-
structed using a stapler or is hand-sewn. Finally, 
the ileo-ileostomy is constructed with a 150 cm 
alimentary limb and 100  cm common chan-
nel. Keshishian et al. published their experience 
with open BPD-DS as a revisional operation in a 
cohort of patients with previous vertical banded 
gastroplasty and RYGB [86]. Twenty-six RYGB 
patients underwent a BPD-DS, 4 (15%) had leaks 
related to the gastro-gastrostomy anastomosis, 
and the %EWL was 67% at 30-month follow-
up [86]. Parikh et al. performed BDP-DS in 12 
patients [87]. They reported no leaks, and %EWL 
at 11  months was 63%. Both studies described 
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good weight loss outcomes with acceptable mor-
bidity. Nevertheless, given the small number of 
patients, it is difficult to draw conclusions about 
the safety, effectiveness, and indications for con-
verting RYGB to BPD-DS.

 Revisional Operations for SG
Sleeve gastrectomy patients may develop loss of 
early satiety sensation after surgery. Likewise, 
weight regain can be a manifestation of this 
problem. If a dilated stomach is demonstrated, an 
additional restrictive procedure could be offered. 
Many patients will have a normal anatomic study, 
so these cases may benefit from adding a malab-
sorptive component, to improve weight loss and 
resolution of comorbidities.

 Re-sleeve Gastrectomy
The first report of this operation was published in 
2003. A female patient, who experienced weight 
regain after a BPD-DS 3 years prior, underwent 
a re-sleeve procedure with no postoperative 
complications and significant weight reduction 
[88]. Baltasar et al. also described the same con-
cept [89]. Iannelli et  al. reported a series of 13 
patients with poor weight loss or weight regain. 
Initial mean pre-sleeve BMI was 44.6 kg/m2 with 
a lowest BMI at 18  months of 31  kg/m2 after 
SG and subsequently increased to a mean BMI 
of 34.9 (28–41) at 23-month follow-up. At 12 
months follow-up post-revision, %EWL of 71.4 
was achieved. No intraoperative or postopera-
tive complications were reported [90]. Nedelcu 
et al. reported 61 patients with poor weight loss 
(28 pts.), weight regain (29 pts.), and gastro-
esophageal reflux (4 pts.). Preoperative workup 
demonstrated a neo-fundus or gastric dilatation 
in all cases. The mean BMI before the primary 
LSG was 43.2 kg/m2 (range 33.8–67.1). The low-
est mean BMI recorded after the primary LSG 
was 34.6  kg/m2 (range 31.9–59.8), represent-
ing %EWL of 51.2% (±26.2) at 19.2-month 
follow- up. The sleeve revision was performed 
after a mean of 37.4 months with a mean BMI 
of 38.1 kg/m2 (range 35.2–59.8). After re-sleeve, 
the mean BMI and %EWL was 29.8 kg/m2 (range 
20.2–41) and 62.7% (±29.2), respectively, at a 
mean follow-up of 19.9 months [91]. Therefore, 

re-sleeve seems to be safe and reproducible if a 
dilated stomach can be demonstrated.

 SG to RYGB
Conversion from SG to RYGB is often utilized 
for the management of GERD, and some sur-
geons have used it for poor weight loss or weight 
regain. Technically, it is not as complex, but the 
surgeon must be aware of adhesions, especially 
to segments 2 and 3 of the liver and the pres-
ence of a hiatal hernia. Casillas et al. reported 48 
patients who were converted from SG to RYGB, 
due to GERD, weight recidivism, or both. The 
mean pre-SG BMI was 45.9 kg/m2 [92]. RYGB 
conversion for weight loss or weight regain 
was performed in 27 patients. In this subgroup 
of patients, the average preoperative BMI was 
40.8 kg/m2; and at 36 months of follow-up, mean 
%EWL was 16.4%, whereas %TWL was 7.5%. 
The complication rate was as high as 31% in the 
entire cohort [92]. Quezada et al. reported 50 SG 
patients who underwent a conversion to a RYGB 
[93]. In this cohort, 28 out of 50 patients under-
went revision due to weight regain. The lowest 
BMI after SG ranged from 27 to 31 kg/m2, and 
the median BMI prior to the revision to RYGB 
was 33.9–37.9 kg/m2. Post-revision, a of BMI of 
24–36 kg/m2 was achieved at 3 years [93]. Iannelli 
et al. studied 40 patients of whom 29 were due to 
weight loss failure [94]. The pre-SG BMI mean 
was 47.7  kg/m2, whereas the mean pre-conver-
sion BMI was 39.2 kg/m2. Post- conversion mean 
BMI of 30.7 kg/m2 was achieved, representing an 
additional %TWL of 21.8% (calculated from the 
weight before conversion). A complication rate 
of 16% was reported in this series [94]. Carmelli 
et  al. [95] and Gautier et  al. [96] also showed 
%EWL of 66% (16-month follow-up) and 59% 
(15.5-month follow-up) with a low complication 
rate. However, both studies had few patients and 
short follow-up, so it is difficult to accurately 
analyze the long-term impact on weight loss.

Landreneau et  al. presented a retrospective 
review of 89 patients with previous SG who 
underwent conversion to RYGB. Eleven patients 
underwent revision of SG to RYGB for either 
inadequate weight loss or weight regain follow-
ing SG.  The median pre-revision BMI in this 
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cohort was 48.6 kg/m2 with a change in BMI of 
2.3 kg/m2 at 30 days and 7.9 kg/m2 at 12 months. 
Twelve months following revision, this subgroup 
experienced percent TWL of 16.1% and per-
cent EWL of 32.7%. Interestingly, the cohort of 
patients that required revision to RYGB due to 
complications associated with SG had a median 
pre-revision BMI of 30.4 kg/m2 and had a post- 
revision change in median BMI of 2.2 kg/m2 at 
30  days and 4.5  kg/m2 at 12  months. This cor-
responded to a 12-month percent TWL of 11.9%. 
The group concluded conversion of SG to RYGB 
is safe and feasible to enhance weight loss [97]. 
Therefore, RYGB can be an alternative for 
patients who had weight regain after SG, espe-
cially when accompanied by GERD. Future stud-
ies with more subjects and long-term follow-up 
are needed to help us better understand outcomes 
after these conversions.

 SG to BPD-DS
BPD-DS has the best long-term results for 
weight loss and resolution of many comorbid 
diseases. SG is one of the steps when performing 
a BPD-DS, so in sleeve-alone patients “complet-
ing” the BPD-DS is a valid option. The BPD-DS, 
compared to RYGB, after SG, has shown bet-
ter outcomes. Homan et al. [98] compared both 
BPD-DS and RYGB. BPD-DS was significantly 
more successful than RYGB (%EWL 59% and 
23%, p  =  0.0008, respectively) at a median 
follow- up of 34  months. In addition, BPD-DS 
exhibited high complication and nutritional 
deficiencies rates, but these were not significant 
[98]. These results were consistent with previous 
data reported by Weiner et al. [99], who showed 
better weight loss after a BPD-DS compared 
to RYGB.  In the study of Carmelli et  al. [95], 
BPD-DS was also superior to RYGB and did 
not show significant complications. Therefore, 
BPD-DS seems to be a reasonable option to treat 
SG patients with weight regain and maybe more 
reasonable for those patients with higher start-
ing BMI (i.e., >50  kg/m2) before SG who did 
not achieve sufficient weight loss after SG alone. 
Like primary BPD-DS, these revisional patients 
need close monitoring in order to detect nutri-
tional deficiencies.

 SG to Single Anastomoses Procedures
Recently several investigators have proposed 
single anastomosis procedures as an alterna-
tive operation on the theoretical basis of fewer 
complications including internal hernias from 
one less anastomosis. Most data pertaining to 
single anastomosis operations are for primary 
surgery [100–102], and only a few publica-
tions investigate their role as a second stage or 
revisional surgery. Sanchez-Pernatute et  al. 
showed results of single anastomosis duode-
noileal (SADI) bypass as a second step after 
SG [103]. Sixteen patients underwent a SADI 
procedure and showed a mean %EWL of 72% 
at 2 years. They also reported remission of dia-
betes in the eight patients that had diabetes. No 
intraoperative, postoperative or nutritional defi-
ciency were reported [103]. These findings are 
similar to those reported by other authors that 
have described weight loss after SADI [104, 
105]. However, these patients also need close 
surveillance after surgery due to the risk of mal-
nutrition. To date, only a few publications are 
available about mini-gastric bypass as a revi-
sional operation [106, 107]; therefore, no con-
clusions can yet be made about its effectiveness 
as a revisional operation.

 Endoscopic Revision of SG
Endoscopic approach is attractive to address 
complications because it is less invasive. There 
are reports about endoscopic management of 
dilated stomach after SG. Endoscopic suturing or 
plication can be performed to reduce the sleeve 
diameter [108]. However, more definitive litera-
ture about this topic is needed before it can be 
recommended as a revision operation after SG.

 Conclusions

Weight regain after bariatric surgery is challeng-
ing. The key to success is technical expertise and 
multidisciplinary team management is to iden-
tify all the possible variables that play a role in 
weight failure or regain after a primary operation. 
Professional societies must arrive at a consensus 
and define weight regain or failure accurately.
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CDE (see Chagas’ disease esophagopathy)
clinical presentation
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heartburn, 14
regurgitation and aspiration, 14
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EBTI (see Endoscopic botulinum toxin injection 
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esophagectomy for (see Esophagectomy for 
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LHM (see Laparoscopic Heller myotomy (LHM))
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pathophysiology, 53, 80
pharmacologic therapy, 91
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surgical history of, 81
treatment algorithm, 98, 99

Acid suppression, 194
Acute interstitial nephritis (AIN), 133
Acute kidney injury, 133
Adhesiolysis, 197
Alginate, 123, 124
Allison, Philip R., 106
Aluminum hydroxide, 123
Ambulatory pH monitoring, 19–20, 116–118, 152
American Association of Clinical Endocrinologists 
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American College of Surgeons Bariatric Surgery Center 

Network, 231
American Diabetes Association, 239
American Society for Gastrointestinal Endoscopy 
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American Society for Metabolic and Bariatric Surgery 
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Anastomotic leak, 87
Anastomotic stenosis, 88
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Anterior vagus nerve, 49, 56, 65, 147
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Antireflux medications, 114
Antireflux surgery (ARS), 19, 176, 191

after lung transplantation, 202, 203
before lung transplantation, 202

Anti-secretory agents, 125, 126
Argon plasma coagulation (APC), 208, 209
Auerbach’s myenteric plexus, 24

B
Backer-Gröndhal technique, 5
Baclofen, 124, 125
Balloon dilation/dilatation, 73, 74, 81, 196
Bariatric Center of Excellence, 228
Bariatric Outcomes Longitudinal Database (BOLD), 268
Bariatric surgery, 237, 295

dyslipidemia, 240
GERD in obese patients

and hiatal hernia, 169
RYGB, 168, 169
sleeve gastrectomy, 167, 168

hypertension, 240
malabsorptive procedures

biliopancreatic diversion, 220
duodenal switch, 220, 221
gastric bypass, 221–223
jejunoileal bypass, 219, 220

medical evaluation
airway and pulmonary, 242
cardiac, 242
VTE, 242, 243

multidisciplinary approach for (see Multidisciplinary 
approach, for bariatric surgery)

nutritional care and preoperative weight loss, 243
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patient education, 241, 242
patient selection, 241
preoperative evaluation, 241
preoperative gastrointestinal imaging

EGD, 244

Index

https://doi.org/10.1007/978-3-030-27592-1


310

Bariatric surgery (cont.)
ultrasound, 244
upper GI contrast study, 243

psychological support, 243
pure restrictive procedures

gastric banding, 224
gastroplasty, 223, 224
sleeve gastrectomy, 224, 225

T2DM, 239
weight regain (see Weight regain)

Barium esophagram, 25, 32, 33
Barium swallow, 73, 195

achalasia, 16
air-fluid level, 16
bird-beak appearance, 16
esophageal dilatation, 16, 17
sigmoid-shaped esophagus, 16, 17

GERD, 115, 116
large paraesophageal hernia, 160, 161

Barret, Norman R., 107
Barrett’s-associated dysplasia, 206, 207
Barrett’s esophagus (BE), 72, 73, 256, 289

definition, 205
diagnosis of, 205–208
endoscopic interventions, 207, 208

APC, 208, 209
cryoablation, 210, 211
EMR, 211, 212
endoscopic ultrasound, 212, 213
ESD, 212
PDT, 208
RFA, 209, 210

Barrett’s metaplasia, 205, 207, 209, 211
Beck Depression Index (BDI), 269
Behavioral evaluation, 297
Biliopancreatic diversion (BPD), 220, 265, 267, 268
Biliopancreatic diversion/duodenal switch  

(BPD-DS), 301–303
Bleeding, 43, 83, 85, 156, 176, 197, 260, 276,  
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Body mass index (BMI), 165–167, 237, 296
Botulinum toxin injection, 26, 32, 35, 196
Browne-McHardy dilator, 29

C
Calcium carbonate, 122, 123
Calcium deficiency, 270
Capnoperitoneum, 43
Capnothorax, 43, 155, 162, 197
Cardiac dysrhythmia, 87
Cardioplasties/cardiectomies

Backer-Gröndhal technique, 5
cardia and esophagogastrostomy, resection of, 6
Merendino technique, 6
Wendel’s technique, 4, 5

Cardiorespiratory fitness, 230
Chagas’ disease esophagopathy (CDE), 25, 26

clinical presentation, 24
esophageal dilatation, 24

esophageal motility, 24
evaluation, 25
pathophysiology, 24
surgery

esophagectomy, 26
laparoscopic Heller myotomy, 26

treatment
botulinum toxin injection, 26
endoscopic forceful cardia dilatation, 26
pharmacological, 25
POEM, 26

Chagasic cardiomyopathy, 23
Chest pain, 14, 47, 194, 195
Chicago Classification, 11, 17, 18, 30, 39, 41
Cholestyramine, 196
Chronic kidney disease (CKD), 133
Chronic lung allograft dysfunction (CLAD), 199–202
Chylothorax, 88
Cimetidine, 122, 126, 127, 135
Clopidogrel, 132
Clostridium difficile infection (CDI), 133, 134
Cobalamin, 134
Collis gastroplasty, 197
Community acquired pneumonia (CAP), 134
Conduit necrosis, 87
Connective tissue disorders, 200
Continuous positive airway pressure (CPAP), 242
Cryoablation, 210, 211
Cystic fibrosis (CF), 200, 201

D
De Bruine Groenveldt’s technique, 6, 7
DeMeester score, 166, 167, 169
DeMeester, Tom Ryan, 109
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Diabetes management, 196
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Diverticulectomy, 63–67
Donahue, Philip E., 109
Dor fundoplication, 49–51, 54–56, 71, 72, 74, 94,  

154, 194
Dor, Jacques, 108
Dumping syndrome (DS), 290
Duodenal switch (DS), 220, 221

evolution, 265, 266
outcomes, 267, 268
technical elements, 266, 267
treatment of related complications, 268–270

Dyslipidemia, 240
Dysmotility, 195
Dysphagia, 14, 44, 47, 53–55, 62–66, 113, 114, 155

mild, 193
post-operative, 191
upper endoscopy, 193

E
Eckardt score, 14, 44, 55, 93, 95, 96
Eckardt symptom score, 38
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Endoluminal bleeding, 176
Endoluminal stenting, 176
Endoluminal treatment, 175
Endoscopic botulinum toxin injection (EBTI), 10, 11, 92

effect of, 92
vs. LHM, 92, 93
vs. pneumatic dilatation, 92
standard protocol for, 92

Endoscopic dilatation, 26, 53
Endoscopic gastric plication (EGP), 300
Endoscopic mucosal resection (EMR), 211, 212
Endoscopic retrograde cholangiopancreatography 

(ERCP), 290
Endoscopic sclerotherapy, 300
Endoscopic submucosal dissection (ESD), 39, 40,  
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Endoscopic ultrasound, 212, 213
EndoStim® LES Stimulation System, 185–187
End-stage achalasia

esophagectomy for (see Esophagectomy for 
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treatment of, 98
End stage lung disease (ESLD), 199–201
End-stage renal disease (ESRD), 133
Epiphrenic diverticula (ED), 61

evaluation
high-resolution manometry, 62
upper GI, 61, 62

laparoscopic approach, technical aspects
endoscopic management, 66
GE junction, 64, 66
port placement for myotomy, 65
thoracic myotomy and diverticulectomy, 66

laparoscopic management, 63–64
watchful waiting, 62–63

Epiphrenic diverticulectomy, 65
Erythromycin, 196
Esomeprazole, 128–130, 136
Esophageal achalasia, see Achalasia
Esophageal acid, 55, 93, 121, 122, 152, 169, 175, 176, 
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Esophageal adenocarcinoma, 205, 206, 208, 212
Esophageal cancer, 73
Esophageal Diagnostic Advisory Panel, 113
Esophageal dilatation, 24, 26, 275
Esophageal manometry, 16–19, 61, 62, 73, 152, 200

GERD, 116
PEH, 160, 161

Esophageal motility, 24, 192, 194
Esophageal myenteric plexus, 38
Esophageal myotomy, 49, 50
Esophageal perforation, 32, 93
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