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Introduction

Gastroesophageal reflux disease (GERD), defined by the 
Montreal consensus as “a condition that develops when the 
reflux of stomach contents causes troublesome symptoms 
and/or complications”, affects roughly 20% of Americans 
weekly (1). The incidence of GERD is increasing in 
developed countries, likely driven by an increase in obesity 
since treatment of obesity results in improvement in 
GERD (2). There is a large spectrum of reported symptoms 
including gastrointestinal symptoms such as heartburn, 

regurgitation, and dysphagia, as well as non-gastrointestinal 
symptoms such as chronic cough, recurrent pneumonia, and 
hoarseness. Careful workup can elucidate whether these 
symptoms are likely due to GERD, as alternative etiologies 
producing similar symptoms will have different treatment 
algorithms. The Lyon consensus has attempted to more 
objectively define pathologic GERD as either the presence 
of LA grade C or D esophagitis, or a distal acid exposure 
time of greater than 6% on ambulatory pH monitoring (3).

While lifestyle modifications and oral medications, 
typically proton pump inhibitors (PPIs), will control 
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symptoms in the overwhelming majority of patients with 
GERD (4), there remains a group of patients who either 
fail to have adequate symptom relief, or who develop 
complications of GERD such as persistent esophagitis, peptic 
stricture, or Barrett’s esophagus. Furthermore, while PPIs 
are normally well tolerated, there are growing concerns 
regarding the long-term effects of PPIs. These potential 
effects include, but are not limited to, decreased bone 
mineral density (5), increased infections such as pneumonia (6) 
and Clostridium difficile diarrhea (7), and an association with 
dementia in elderly patients (8), although the latter finding 
is quite controversial (9). These findings, while limited by 
study heterogeneity, have led to practitioners questioning the 
complete benignity of long-term PPI. Patients themselves 
may opt for surgical treatment of GERD to potentially 
obviate the need for long-term PPI use. Furthermore, 
certain non-acid reflux conditions, such as high-volume 
regurgitation, respond poorly to PPIs, and may be better 
managed with surgical treatment (10).

While the detailed preoperative workup is beyond the scope 
of this review paper, the following studies are recommended 
in a 2013 consensus panel: All patients require endoscopic 
evaluation of the esophagus and stomach to evaluate for 
complications of GERD, including dysplastic Barrett’s 
esophagus and adenocarcinoma, which require treatment 
before fundoplication. Furthermore, concomitant pathology 
such as eosinophilic esophagitis, can be evaluated by biopsy 
if suspected. Ambulatory pH monitoring is required in all 
patients without either endoscopically documented erosive 
esophagitis or a large hiatal hernia. If there is suspicion for 
non-acid or bile reflux, impedance testing can be added 
to increase the sensitivity for pH testing. High resolution 
esophageal manometry is able to confirm the presence of a 
hypotensive lower esophageal sphincter, as well as exclude 
diagnoses that can mimic GERD such as achalasia and can help 
tailor the choice of fundoplication. Barium esophagram can be 
helpful in the evaluation of a concomitant hiatal hernia, as well 
as in identifying strictures, diverticula, and the extent of reflux 
with provocation (11). The following manuscript describes our 
method for performance of laparoscopic complete and partial 
fundoplication in the treatment of GERD. 

Technical aspects

Patient preparation and port placement

The patient is placed in the supine position with the legs 
abducted. The surgeon stands between the patient’s legs to 

facilitate triangulation at the hiatus. The first assistant stands 
to the patient’s left. Pneumoperitoneum is established with a 
Veress needle inserted in the left upper quadrant at Palmer’s 
point. We place a 12 mm camera port 15 cm inferior to the 
xyphoid process to the left of midline. A 12 mm port is placed 
in the left upper quadrant, typically at the Veress insertion 
site, for the surgeon’s right hand. A 5 mm port is placed 
laterally beneath the left costal margin for the first assistant. 
A flexible liver retractor is placed through a 5 mm port in 
the right mid anterior axillary line and secured to a table-
mounted post to retract the left lobe of the liver. Finally, a 
5 mm port is placed roughly 6 cm inferior to the right mid 
costal margin for the surgeons left hand, ideally directed from 
right-to-left through the falciform ligament. The patient is 
placed in the reverse Trendelenburg position to assist with 
caudad retraction of the stomach and omentum.

Gastroesophageal junction mobilization

Dissection is performed primarily with a laparoscopic 
bipolar vessel sealing device. The pars flaccida is divided. If 
present, small accessory left hepatic arteries can typically be 
divided, but if a large replaced left hepatic artery is present, 
preservation should be attempted. The gastrohepatic 
ligament is further divided to the anterior aspect of the 
right crus. The GE junction is retracted laterally and 
inferiorly by the first assistant, and a plane between the 
esophagus and right crus is bluntly developed to access 
the mediastinum. Blunt dissection is continued anteriorly, 
protecting the esophagus and anterior vagus nerve, and the 
phrenoesophageal membrane is divided from right to left. 
Peritoneal attachments to the Angle of His and the left crus 
are divided. 

Fundic mobilization

To mobilize the fundus, we divide the omentum off of the 
greater curvature beginning at the proximal one-third of the 
stomach. Short gastric vessels are coagulated and divided. 
As the fundus is freed from the gastrosplenic ligament, the 
assistant’s retraction switches from inferolateral traction 
on the omentum to the posterior wall of the stomach. 
The surgeon elevates the fundus anteriorly, the assistant 
pushes the posterior wall of the stomach towards the right 
lower quadrant. This provides a fan-like exposure of the 
proximal posterior fundus and allows more medial posterior 
short gastric vessels to be visualized and divided (Figure 1). 
Dissection is carried to the base of the left crus, and the 
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prior plane from the angle of His dissection is met. It is 
critical to divide all fundic attachments both laterally and 
posteriorly, or else there will be tension when attempting to 
create the fundoplication. 

Mediastinal dissection

Returning to the right crus, the medial border is fully 
dissected to the confluence of the crura. The left crus is 
identified from the right side, staying posterior enough to 
ensure the esophagus and posterior vagus nerve are swept 
anteriorly away from the crural junction. At this point a 
retroesophageal window is bluntly created lateral to the left 
crus. A quarter-inch Penrose drain is passed to encompass 
the esophagus and both vagus nerves. The legs of the 
Penrose are secured together with either endoscopic clips 
or a ligating loop. Using a locking grasper the assistant 
then provides inferior retraction of the esophagus. It is very 
useful to ensure that all GE junction fat and any associated 
hernia sac are maintained distal to the Penrose, or else tissue 
will interfere with esophageal retraction. The esophagus 
is then dissected circumferentially proximally into the 
mediastinum, dissecting the plane between the esophageal 
wall and the lymphoadipose tissue of the mediastinum. 
By dissecting along the esophagus, inadvertent injury to 
the parietal pleura can be avoided. If the pleura is entered, 
anesthesia should be notified, and larger tidal volumes 
should be provided to overcome the capnothorax. There 
are typically no postoperative issues with pleural entry as 
the capnothorax dissipates quickly. Dissection is continued 
until at least 3cm of intraabdominal esophagus is established 
without tension placed on the Penrose drain (Figure 2). 
Downward traction on the esophagus, plus elevation of 
the diaphragm due to pneumoperitoneum, can lead to the 
surgeon overestimating the amount of intraabdominal 
esophageal length, and must be considered intraoperatively. 
Dissection can be carried cephalad to the level of the 
inferior pulmonary veins, if necessary.

Hiatal closure

A posterior cruroplasty is then performed. While techniques 
vary, our practice is to use non-absorbable, multifilament, 
interrupted sutures with polytetrafluoroethylene (PTFE) 
pledget reinforcement (Figure 3). We find intracorporeal 
sliding knots very useful to maintain apposition and 

Figure 1 Posterior fundic mobilization.

Figure 3 Completed crural closure.

Figure 2 Completed high mediastinal dissection.
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minimize tearing of frail crura. The completed cruroplasty 
should permit the tip of a 5 mm instrument to pass without 
resistance. It is critical to examine the hiatus with the 
esophagus in a neutral position, that is, without downward 
retraction on the Penrose in order to calibrate a proper 
closure. Rarely, anterior cruroplasty sutures are placed if 
there is excessive laxity due to the divided phrenoesophageal 
membrane. In the setting of a large paraesophageal hernia, 
consideration may be given to mesh reinforcement of the 
cruroplasty, although recent data do not support a decrease 
in long term hernia recurrence rates (12). 

Fundoplication

If esophageal motility is preserved, especially in the setting of 
GERD complications such as high-grade erosive esophagitis 
or Barrett’s esophagus, we typically perform a complete, 
floppy, fundoplication. While the use of a large (56 to  

60 French) bougie has been shown in some studies to reduce 
in the incidence of postoperative dysphagia (13), we tend 
to forego its use, due to the inherent risk of esophageal 
perforation. This practice has been proven acceptable by 
experienced surgeons (14). The medial aspect of the fundus 
is tucked from left to right into the previously created 
retroesophageal window. The fundus is then grasped from 
the right, pulling from the divided short gastric vessels 
in order to maintain proper orientation without folding. 
The fundus should sit comfortably on the right side of the 
esophagus and should not spontaneously retract to the left 
when released. A “shoe-shine” maneuver is performed by 
grasping both sides of the fundus and rocking back and forth. 
If the fundus does not sit comfortably on release, or the 
esophagus twists with movement, there are likely additional 
posterior or lateral fundic attachments that must be divided. 
A 360-degree fundoplication is fashioned by approximating 
the greater curvature of the right sided fundus to a similarly 
distanced point on the left anterior fundus. The wrap should 
be seated above the GE junction, and not around the gastric 
cardia. Using 3 interrupted non-absorbable sutures, the 
sides of the fundoplication are approximated, ensuring that 
no significant fundus is left proximal to the wrap, which will 
reduce wrap slippage. The proximal 2 sutures incorporate 
the anterior esophageal wall, again to reduce slippage, 
while protecting the anterior vagus nerve. The completed 
fundoplication should be short (less than 2 cm), floppy, 
symmetrical, and without twist (Figure 4). Completion 
endoscopy can be performed to both confirm easy passage of 
an endoscope through the hiatal closure and wrap, as well as 
to confirm wrap symmetry and proper valve creation.

In patients without preoperative manometry, or patients 
with underlying esophageal motility disorders, elderly 
patients, and those with prominent preoperative dysphagia, 
we typically perform a posterior partial 270-degree (Toupet) 
fundoplication. On manometry, we typically require at least 
70% peristaltic swallows, with a distal esophageal amplitude 
greater than 30 mmHg. To fashion a partial fundoplication, 
the fundic limbs are sutured directly to the ipsilateral 
anterolateral esophageal wall, again, ensuring that the 
proximal fundoplication includes the most cephalad aspect 
of the fundic limbs. Three interrupted sutures are placed 
bilaterally (Figure 5).

Outcomes

Surgical treatment, typically in the form of laparoscopic 
fundoplication and repair of associated hiatal hernia, is safe 

Figure 4 Completed 360-degree fundoplication.

Figure 5 Completed posterior partial fundoplication.
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and effective in well selected patients. Mortality and need 
for early reoperation (<90 days) are low, less than 0.1%, and 
less than 1% respectively (15). A 2015 Cochrane review 
showed improved short-term and medium-term heartburn 
improvement with surgical management compared to 
medical management, although surgical patients had higher 
rates of dysphagia (16). The presence of typical GERD 
symptoms, objective documentation of GERD by endoscopy 
or pH testing, and a positive response to PPIs are associated 
with improved outcomes with fundoplication (17). Dassinger 
and colleagues’ 5-year follow up of 52 patients having 
undergone laparoscopic fundoplication showed a 92% 
satisfaction with the procedure, with over 80% of patients 
maintained off antisecretory medications (18). Compared 
to open anti-reflux surgery, minimally invasive techniques 
are associated with shorter hospital stays, less time off from 
work, and decreased wound complications and incisional 
hernia rates, with comparable efficacy in GERD control (19).  
The use of robotic-assisted laparoscopic procedures are 
increasing, with similar efficacy to standard laparoscopy, 
albeit with increased cost (20).

Randomized clinical trials have compared the efficacy 
and adverse effect profile of complete (Nissen) versus partial 
(Toupet) fundoplication. Meta-analyses have shown similar 
efficacy, although the Toupet fundoplication has been 
associated with less gas-bloat, dysphagia, need for dilation, 
and need for reoperation (21). We reserve complete 
fundoplication for younger patients with preserved 
esophageal function on manometry, especially in the 
presence of grade C or D esophagitis or Barrett’s esophagus.

Conclusions

Laparoscopic antireflux surgery is a safe and effective 
treatment of GERD. With proper patient selection, a 
comprehensive preoperative workup, and attention to 
technical detail, patients can receive a durable result. 
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