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Abstract

Gastroesophageal reflux disease affects almost 20% of the population in the United States. Today, proton pump
inhibitors are the most frequently prescribed drugs, with an estimated cost of 10 billion dollars per year.
Although these medications control heartburn in the majority of patients, other symptoms such as regurgitation
and respiratory symptoms often are not controlled, particularly in patients with large hiatal hernias. In these
patients a properly performed laparoscopic fundoplication controls esophageal and extraesophageal symptoms
and avoids life-long medical therapy. Key elements for the success of a fundoplication are careful patient
selection, a complete preoperative evaluation, and a properly executed operation.
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Introduction

Gastroesophageal reflux disease (GERD) affects
almost 20% of the population in the United States. Today,

proton pump inhibitors (PPIs) are the most frequently pre-
scribed drugs, with an estimated cost of 10 billion dollars per
year.1 Although these medications control heartburn in the
majority of patients, other symptoms such as regurgitation and
respiratory symptoms often are not controlled, particularly in
patients with large hiatal hernias.2

For many years, PPIs were considered safe medications.
However, it is becoming clear that they are associated with
serious side effects. Several studies show that long-term treat-
ment with PPIs can be associated with Clostridium difficile
infection, community-acquired pneumonia, hip fracture, vita-
min B12 deficiency, and hypomagnesemia.3 Their use is also
associated with an increased risk of myocardial infarction4,5 and
chronic kidney disease.6 Recently, an association between de-
mentia and use of PPIs has been demonstrated, particularly in
elderly patients.7 Therefore, referrals for laparoscopic fundo-
plication will likely increase, as gastroenterologists may be
more reluctant to prescribe these medications and patients may
be more reluctant to undergo a life-long treatment with medi-
cations that can cause severe health problems.

This article emphasizes some aspects of the evaluation and
surgical treatment of GERD that are thought to play an im-
portant role in the success of a laparoscopic fundoplication.
The management of a paraesophageal hernia is discussed in
another article of this symposium.

Fundoplication for GERD: Tips for Success

Three elements are important for the performance of a
successful fundoplication: (1) a comprehensive preoperative
work-up, (2) correct indications for the operation, and (3)
respect of the key technical elements.

Preoperative work-up

A thorough preoperative GERD work-up identifies (1) the
symptoms experienced by the patient, (2) the anatomy of the
gastroesophageal junction, (3) the presence of esophageal
mucosal damage, (4) the function of the lower esophageal
sphincter (LES) and the quality of peristalsis, and (5) the
reflux profile, such as the presence of abnormal reflux and the
temporal correlation between the symptoms experienced by
the patient and the episodes of reflux.

In 2013, a panel of expert gastroenterologists and surgeons
published an evidence and experienced-based consensus that
recommended the following tests before proceeding with
antireflux surgery8:

� Symptomatic evaluation: This step should determine
the presence of typical/esophageal symptoms (heart-
burn, regurgitation, and dysphagia) and atypical/
extraesophageal symptoms (cough, hoarseness, and
enamel erosion). However, a symptomatic evaluation
alone should never be considered enough to plan an
operation. Many studies report that the presence of
symptoms alone, even for typical symptoms such as
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heartburn, has a low accuracy and leads to a wrong
diagnosis of GERD in 30% to 50% of patients.9–11 A
good response to PPI is considered an important prog-
nostic factor for the success of a fundoplication,12

whereas lack of response—usually labeled as ‘‘refractory
GERD’’—should raise the suspicion that the symptoms
are caused by a different disease such as achalasia.9,11 If
patients present with symptoms suggestive of delayed
gastric emptying (DGE) such as nausea, vomiting, or
postprandial bloating, a gastric emptying test should be
performed. Although gastric symptoms are often
secondary to reflux disease, some patients may have
true functional disorders because of gastroparesis,
especially those with mixed connective tissue disor-
ders or diabetes. If the gastric emptying assessment
reveals severe DGE, a concomitant drainage proce-
dure (pyloroplasty) should be considered.
� Barium swallow: This radiological study defines the

anatomy of the gastroesophageal junction and determines
the presence, size, and type of a hiatal hernia. This in-
formation helps the surgeon plan the operation, particu-
larly if the endoscopy is performed by another provider.
� Upper endoscopy: This test determines the presence

and severity of the esophageal mucosal damage. If
Barrett’s esophagus is identified, this pathology may
dictate a different algorithm and require a more rigor-
ous postoperative follow-up.
� Esophageal manometry: This physiological test deter-

mines the quality of esophageal peristalsis, rules out
achalasia, and determines the position of the LES for
placement of the catheter for pH monitoring.
� Ambulatory pH monitoring: This physiological study is

considered the gold standard for the diagnosis of GERD
as it establishes the presence of abnormal reflux and
determines whether the symptoms are indeed caused by
the acid reflux.
� Gastric emptying studies and impedance pH should be

considered in very few selected patients.8

Overall, the presence of heartburn, a good response to
PPIs, and the presence of pathological reflux as shown by pH
monitoring are important predictors of a successful outcome
of a fundoplication.12

Indications for the operation

The operation is indicated in patients who experience
complications of PPI therapy or in patients who don’t want to
take medications for the rest of their lives. In addition, the
operation is indicated in patients who do not have complete
control of their symptoms, particularly when regurgitation
persists and it is associated with cough or episodes of aspi-
ration pneumonia. PPIs, in fact, function by changing the pH
of the gastric refluxate but reflux still occurs through an in-
competent LES.13

Caution must be exerted when there is a complete lack of
response to PPI therapy, and patients are labeled as having
‘‘refractory GERD.’’ A complete work-up is of paramount
importance to ensure that the symptoms are not caused by
other esophageal disorders such as achalasia or eosinophilic
esophagitis or by other gastrointestinal diseases such as ir-
ritable bowel syndrome or cholelithiasis.9–11

Treatment of GERD is challenging in morbid obese
patients, particularly when central obesity is present. The
pathophysiology of the disease in these patients is different as
an increased gradient between the stomach and the esophagus
(thoracic–abdominal pressure gradient) is usually present and
plays an important role.14,15 A Roux-en-Y gastric bypass is
probably the procedure of choice, as it controls both acid
reflux (few parietal cells in the small gastric pouch) and bile
reflux (long Roux loop). In addition, it promotes weight loss
with a reduction of the pressure gradient. The management of
GERD in morbid obese patients is discussed in another article
of this symposium.

Technical elements

The following steps depict successful approach to a fun-
doplication (Table 1).

The patient is placed in a steep reverse Trendelenburg
position with the legs extended on stirrups. The surgeon
stands between the patient’s legs. Five trocars are used for the
operation (Fig. 1).

Step 1. The gastrohepatic ligament is divided to the right
pillar of the crus. The pillar is then separated from the
esophagus. The peritoneum and the phrenoesophageal mem-
brane overlying the esophagus are transected. The left pillar of
the crus is then separated from the esophagus.

Step 2. The short gastric vessels are divided, starting
midway along the greater curvature of the stomach toward
the left pillar of the crus. If a large hiatal hernia is present, it
may be safer to start with this step.

Step 3. The dissection is performed superiorly into the pos-
terior mediastinum to have a minimum of 3 cm of esophagus

Table 1. Technical Elements

of Antireflux Operations

� Extent of mobilization: mediastinum, short gastric vessels
� Location of the gastroesophageal junction: 3–4 cm below

hiatus
� Closure of hiatus: nonabsorbable sutures
� Space around wrap: 0.5 cm
� Size of bougie: 56F–60F
� Type of wrap: total or partial

FIG. 1. Position of trocars for laparoscopic fundoplication.
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without tension below the diaphragm. The posterior and anterior
vagus nerves are clearly identified and preserved.

Step 4. A window is created between the stomach, the left
pillar of the crus, and the esophagus. A Penrose drain is
placed around the esophagus, also incorporating the anterior
and posterior vagus nerves.

Step 5. The right and left pillar of the crus are approx-
imated using nonabsorbable sutures, placed posterior to
the esophagus.

Step 6. A 56F to 60F bougie is passed into the stomach.
The use of the bougie decreases the incidence of postopera-
tive dysphagia.16

Step 7. The stomach is passed behind the esophagus and a
shoe-shine maneuver is performed to verify sufficient fundic
mobilization and to avoid having part of the gastric fundus
above the wrap. A 360� fundoplication is created by placing
three stitches of nonabsorbable material at 1 cm intervals to
approximate the right and left side of the fundoplication
(Fig. 2). The length of the anterior portion of the fundopli-
cation should be *2 cm. In patients with very severe ab-
normalities of peristalsis, a partial fundoplication is the
procedure of choice, as it is associated with a lower incidence
of postoperative dysphagia17,18 (Fig. 2).

When these elements are respected, the operation is suc-
cessful in about 90% of patients. If symptoms recur, a careful
work-up must be performed to determine whether patho-

logical reflux is indeed present and to identify the cause of the
recurrence19–21 (Table 2). Horgan et al. published an excel-
lent anatomic classification of the failures based on the
preoperative work-up and operative findings.22 As a redo
operation is complex and it is usually associated with in-
creased morbidity, a longer hospital stay, and a lower success
rate, it is important to identify the patients who need a re-
operation. This type of operation requires a detailed discus-
sion about alternatives, benefits, and risks with the patient as
the risks may outweigh the benefits.

Side Effects of Laparoscopic Fundoplication

Most patients experience transient gastrointestinal side
effects in the postoperative period such as early satiety
(96%), hyperflatulence (82%), diarrhea (26%), nausea
(15%), and odynophagia (5%).23 However, persistent
bloating and dysphagia cause patient dissatisfaction de-
spite reflux control.24

The LOTUS trial found that 5 years postoperative
bloating was present in 40% of patients after laparoscopic
antireflux surgery.25 Some authors feel that the type of
fundoplication may be related to the incidence of bloating.
For instance, Broeders et al. reported that the incidence of
bloating was significantly higher after a Nissen fundopli-
cation than after a Toupet fundoplication.26 Another hy-
pothesis is that patients with ‘‘upright’’ reflux have more
aerophagic tendencies and, therefore, are more susceptible
to develop gas-related problems postoperatively.27,28

However, the subjective definition and evaluation of post-
operative gas-related symptoms remained a strong limita-
tion of those studies. In addition, other studies have shown
that all three pathological reflux patterns (upright, supine,
and bipositional) respond favorably to laparoscopic fundo-
plication based on subjective and objective criteria.29–31

Although transient dysphagia is common in the initial
weeks after fundoplication, long-term dysphagia is rare. As
previously reported, the use of a bougie decreases the inci-
dence of postoperative dysphagia. Patterson showed that the

FIG. 2. Types of fundoplications.

Table 2. Evaluation of Recurrent Symptoms

After Fundoplication

� Symptomatic evaluation
� Review the preoperative evaluation
� Operative report
� Endoscopy
� Barium swallow
� Esophageal manometry
� Ambulatory pH monitoring
� Gastric emptying study
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incidence of long-term severe postoperative dysphagia was
5% when a bougie was used, but was 14% when it was not
used.16 In addition, transection of the short gastric vessels
allows a tension-free fundoplication, with a lower incidence
of postoperative dysphagia.32 Unfortunately, preoperative
testing does not identify patients at risk for persistent dys-
phagia after laparoscopic antireflux surgery. The presence of
dysphagia preoperatively is the best predictor of postopera-
tive dysphagia.33

Conclusions

Laparoscopic fundoplication is an effective and long-
lasting treatment for GERD. Its success is based on a
careful evaluation and patient selection, and on an opera-
tion that respects the key technical elements that have been
already identified.
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Gagné DJ, Landreneau RJ. Prediction of postoperative
gas bloating after laparoscopic antireflux procedures
based on 24-h pH acid reflux pattern. Surg Endosc 2003;
17:381–385.

28. Winslow ER, Frisella MM, Soper NJ, Clouse RE, Klingen-
smith ME. Patients with upright reflux have less favorable
postoperative outcomes after laparoscopic antireflux surgery
than those with supine reflux. J Gastrointest Surg 2002;6:
819–829.

4 PATTI ET AL.



29. Broeders JA, Draaisma WA, de Vries DR, Bredenoord AJ,
Smout AJ, Gooszen HG. The preoperative reflux pattern as
prognostic indicator for long-term outcome after Nissen
fundoplication. Am J Gastroenterol 2009;104:1922–1930.

30. Cowgill SM, Al-Saadi S, Villadolid D, Arnaoutakis D, Molloy
D, Rosemurgy AS. Upright, supine, or bipositional reflux:
Patterns of reflux do not affect outcome after laparoscopic
Nissen fundoplication. Surg Endosc 2007;21:2193–2198.

31. Hong D, Swanstrom LL, Khajanchee YS, Pereira N, Hansen
PD. Postoperative objective outcomes for upright, supine,
and bipositional reflux disease following laparoscopic Nis-
sen fundoplication. Arch Surg 2004;139:848–852.

32. Hunter JG, Swanstrom L, Waring JP. Dysphagia after lapa-
roscopic antireflux surgery. The impact of operative tech-
nique. Ann Surg 1996;224:51–57.

33. Herron DM, Swanstrom LL, Ramzi N, Hansen PD. Factors
predictive of dysphagia after laparoscopic Nissen fundo-
plication. Surg Endosc 1999;13:1180–1183.

Address correspondence to:
Marco G. Patti, MD, FACS

Department of Surgery
Center for Esophageal Diseases and Swallowing

University of North Carolina
4030 Burnett Womack Building

101 Manning Drive, CB 7081
Chapel Hill, NC 27599-7081

E-mail: marco_patti@med.unc.edu

FUNDOPLICATION FOR GASTROESOPHAGEAL REFLUX DISEASE 5


