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Abstract 
The standard surgical treatment of gastroesophageal re-
flux disease (GERD) is fundoplication. Indications inclu-
de failure of medical management, side effects of medi-
cations, complications including strictures, bleeding or 
asthma/aspiration pneumonia, and quality of life issues 
(ie. intractable symptoms or lifelong antireflux medica-
tion). The laparoscopic approach is safe and effective, 
but is associated with a relatively high rate of recurrent 
GERD and/or hernia. Surgeons must vigilantly adhere to 
the principles of appropriate workup, patient selection, 
and operate with technical precision in esophageal mobi-
lization into the abdomen, crural closure, and creation of 
a floppy fundoplication. The presence of paraesophageal 
hernias and motility disorders may require variations in 
technique, such as substitution of Nissen (full 360-de-
gree) fundoplication for a Toupet (partial 270-degree) 
fundoplication. This report is an overview of the general 
principles surgeons should adhere to when evaluating pa-
tients for surgical management of GERD. Specific tech-
nical steps will be described, with emphasis on the steps 
that require rigorous attention to detail for optimal outco-
mes. The anticipated postoperative course and common 
complications will be briefly reviewed. 

Key Words: Laparoscopy, Nissen Fundoplication, 
Gastroesophageal Reflux Disease.

Introduction
Gastroesophageal reflux disease (GERD) arises due to 
dysfunction of the lower esophageal sphincter (LES), re-
sulting in reflux of acidic gastric contents into the esopha-
gus and subsequent symptomatic esophagitis.1–6 GERD 
is characterized by symptoms of heartburn, nausea and 
vomiting, and if untreated, can lead to complications in-
cluding strictures, ulceration, bleeding or Barrett’s eso-
phagus (metaplasia associated with progression to eso-
phageal adenocarcinoma).7 Given the known association 
between GERD and obesity,8 the incidence of GERD 
may likely rise in parallel with increasing BMI globally,9 
including in the Balkans.10

The Nissen Fundoplication,11 first described by Ger-
man physician Dr. Rudolf Nissen in 1956, is the current 
gold standard surgical operation for GERD, utilizing 
an encircling of the stomach around the esophagus to 
recreate LES function in order to reduce reflux of gast-
ric contents superiorly into the esophagus. Indications 
for surgery include: failure of medical management, 
 inability to take/pay for medications, complications such 
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as  strictures, bleeding or asthma/aspiration pneumonia, 
and concerns with quality of life (i.e., symptoms of life-
long antireflux medication). The first laparoscopic Nis-
sen fundoplication was performed by Dallemagne in Bel-
gium in 1991.12 The laparoscopic approach proved to be 
safe and effective, resulting in equivalent short and long 
term outcomes and with a shorter length of stay when 
compared to open surgery, and has become the gold stan-
dard surgical treatment of GERD.8,13 

Preoperative Evaluation
While GERD is a clinical diagnosis largely based on a 
clinical history of typical reflux symptoms, supplementa-
ry testing is crucial in evaluating the appropriateness of 
the various medical and surgical therapy options.6 Endo-
scopy is necessary to diagnose the presence of esophagi-
tis or Barrett’s esophagus and it will also demonstrate the 
presence of a hiatal hernia. If surgery is being contem-
plated, it is essential for every patient to have an upper 
endoscopy for evaluation within one year. Occasional-
ly, a barium swallow is useful to outline the type of hia-
tus hernia, the size, and the possibility of an underlying 
“short esophagus.” Prior to offering surgery, all patients 
undergo 24-hour pH monitoring and esophageal motility 
evaluation. 

The 24-hour pH monitoring test is considered the gold 
standard for quantifying acid reflux.14,15 Longer time pe-
riods can occasionally improve diagnostic sensitivity fur-
ther. The pH study is generally conducted with a Bravo™ 
capsule implanted in the esophagus that can measure pH 
over a 24-hour period. Patients record heartburn events 
throughout this period which are correlated with pH in 
the esophagus at those time points. The DeMeester score 
is calculated from the total number of events (pH <4), 
longest episode of reflux, number of episodes over five 
minutes, and the extent of reflux in the supine and upright 
positions.14,15 A DeMeester score of >14.7 (95th percen-
tile) is traditionally considered a confirmation of GERD 
and to be predictive of a favorable response to operative 
intervention, though there is emerging data to suggest 
acid exposure time may be even more specific for GERD 
and predictive of improved outcomes.16 High resolution 
manometry is another important aspect of the workup, 
and helps identify any evidence of esophageal dysmotili-
ty that might affect the approach to LES reconstruction.14 
A partial 270-degree Toupet fundoplication is performed 
in patients with significant esophageal dysmotility. 

Finally, it is important to note that the workup of 

GERD continues to evolve over time with continued 
technological advances. For example, impedance plani-
metry, or the EndoFLIP,17 is a newly emerging technique 
that measures esophageal dynamics and can be perfor-
med in conjunction with upper endoscopy. We anticipa-
te that, as data for these new technologies mature, the 
GERD landscape and indications for antireflux surgery 
may correspondingly evolve. 

Technical Steps
At our institution, five ports are used for the operation. 
Port placement is shown in Figure 1A and Figure 1B. Ac-
cess to the abdomen is achieved via a Veress needle in the 
left upper quadrant, and a 12 mm port is placed. A high 
epigastric 5 mm port, supraumbilical 5 mm port, a right 
upper quadrant 5mm port, and a left paramedian 5 mm 
port are inserted and the patient placed in slight reverse 
Trendelenburg position. A Nathanson retractor is used in 
the right upper quadrant port to elevate the left lobe of 
the liver (Figure 1B). A laparoscopic 5 mm camera with a 
30 degree scope is used through the supraumbilical port. 
In total, one 12 mm port (used for the introduction of 
sutures and laparoscopic sponges) and four 5 mm ports 
are required.

The operating room setup for this procedure is shown 
in Figure 2. The lead surgeon and assistant surgeon stand 
on the patient’s left side with a video screen at head 
height, directly across from the surgeon and assistant. 
The lead surgeon operates through the high epigastric 
and left upper quadrant ports, while the assistant controls 
the camera in the supraumbilical port and assistant port 
in the left paramedian position. 

After port placement, the left lobe of the liver is eleva-
ted with a Nathanson retractor (Figure 3A). The dissec-
tion is performed initially by opening the gastrohepatic 
omentum to the right crus with an energy device in an 
avascular region (Figure 3B-C), taking care to avoid a 
potential accessory or replaced left hepatic artery. The 
peritoneum overlying the right crus is dissected and the 
esophagus is distracted to avoid injury to the vagus nerve 
(Figure 3C-D). The phrenoesophageal membrane is divi-
ded and the esophagus is dissected off the left crus in a si-
milar fashion. After freeing the esophagus from the right 
and left crura, a penrose drain is wrapped around the eso-
phagus and used for traction to obtain at least 2-3 cm of 
intraabdominal esophagus without tension (Figure 5A-D 
and Figure 6A-D). The short gastric vessels are divided 
sequentially up to the level of the esophageal  hiatus with 
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an energy device (Figure 7A-D). Occasionally, adipose 
retraction with a suture may be required for adequate ex-
posure of the highest short gastric vessels (Figure 8A-D). 
The crura are approximated using 0 Ethibond sutures, 
leaving approximately 1 cm of space to accommodate 
the esophagus (Figure 10A-B).

The Nissen fundoplication is then performed, pulling 
the stomach 360 degrees posterior to the esophagus from 
patient left to right. A “floppy” fundoplication is ensu-
red by lifting the apposed fundus wrap anteriorly such 
that approximately two esophageal diameters can fit wit-
hin the wrap, making note to ensure symmetry (Figure 
11A-D). While the use of a bougie has been described 
to assist with approximation, we omit the use of a bou-
gie in this step given the risk of perforation.18–20 This has 
been the senior author’s practice since 1992 following a 
bougie-related distal esophageal perforation and non-use 
of a bougie has been associated with a very low rate of 
dysphagia.20 Prior to suturing the wrap in place, a single 
stitch held together with a metal clip can help to appro-
ximate the wrap and ensure proper positioning (Figure 
12A-B). Three 0-silk sutures are used to suture the wrap, 
which typically measures 2.5 to 3 cm (Figure 12B-D and 
Figure 13A-B). The lowest part of the wrap should ex-
tend to the gastroesophageal junction without a gap of 
intervening normal esophagus between the wrap and the 
normal LES (Figure 13C-D). 

While the Nissen fundoplication as described above 
is the primary antireflux surgery performed at our insti-
tution, adjuncts and modifications may be considered in 
select patients. For example, if a patient is found to have 
esophageal dysmotility on preoperative workup, a 270 
degree Toupet fundoplication may be performed.21 Furt-
hermore, if a tension-free esophageal dissection cannot 
be safety achieved, a Collis gastroplasty may be conside-
red, although it is rarely needed.22

Postoperative Course, Complications and Outcomes
Patients are allowed to drink postoperatively on the day 
of surgery. On the first postoperative day, a liquid, pureed 
or soft diet is initiated, and the patient is discharged. Pa-
tients remain on an esophageal soft diet, avoiding bread, 
meats, and raw vegetables for at least two to four weeks, 
gradually introducing foods with greater consistency. 

Intraoperative complications are infrequent. Pneumo-
mediastinum can occur and occasionally lead to crepitus 
of the chest wall or neck, but it is rapidly resorbed and 
causes no symptoms.23 Although splenic injury has been 

described,24 it is uncommon and to date has not been an 
issue for our group. Pneumothorax can occur, particularly 
when large hiatus hernias are dissected high in the media-
stinum and the pleura is entered.23 This does not typically 
pose a problem because ventilatory pressures are much 
higher than pneumoperitoneum, and ventilatory pressu-
res can be increased in response. If a pneumothorax has 
occurred, we hyperinflate the lungs for ten to twelve se-
conds while pneumoperitoneum is released at the end of 
the case. This will successfully treat the pneumothorax 
but that must be confirmed with a postoperative chest X-
ray. Rarely, the opening in the pleura is not large enough 
and it acts as a flap valve, so that carbon dioxide enters 
the pleural space but cannot escape. In those cases, when 
pneumothorax is appreciated, the pleural opening should 
be significantly enlarged so that the carbon dioxide gas in 
the pleural space can easily be pushed out of the pleural 
space with inflation of the lungs. 

Although splenectomy has been reported in about 2% 
of cases in one series,24 that has not been an issue in our 
hands, and one must be very meticulous in the dissection 
of the short gastric vessels to avoid significant bleeding.24 
The reported risk of esophageal injury has been as high 
as 1%, and can be further reduced by avoiding use of a 
bougie.18–20 The risk of these injuries diminishes with in-
creasing experience,25 and aside from one bougie place-
ment perforation early in the senior author’s experience, 
esophageal perforation has not occurred.20

All patients undergoing Nissen fundoplication deve-
lop some degree of dysphagia postoperatively, but this 
typically dissipates within four to six weeks.26–30 Long-
term dysphagia can occur and represents either a tight 
fundoplication, crural closure that is too tight, or more 
significant dysphagia than was recognized preop which 
was then subsequently worsened by the creation of a fun-
doplication. 

Reported failure rates range from 3% to 30%, and are 
based on various definitions including recurrent GERD 
requiring the continued use of PPIs after surgery, or the 
need for reoperation.1–5 Undoubtedly, some patients will 
recur because of a recurrent hiatus hernia, loosening of 
the wrap, or both.1,2,31-33 Over time, many patients will be 
placed on PPIs at some point post-fundoplication, though 
it is unclear if the indications for post-fundoplication 
PPIs are for recurrent GERD (14% to 40%) or for other, 
softer indications.2,34,35 Many patients placed on PPIs for 
GI tract symptomatology do not necessarily have recur-
rent reflux disease.2,34,35
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Some degree of gas bloat symptomatology can oc-
cur postoperatively and can last for many months, but 
generally tends to improve over time.1,30,36 Some degree 
of vagal denervation can occur intraoperatively while 
dissecting the esophagus. This is unusual in a standard 
Nissen, but in re-operative surgery, or surgery for gastric 
volvulus, this can occasionally occur leading to delay in 
gastric emptying causing prolonged bloating, fullness, 
and occasionally intractable nausea.31 

The most common reoperation is for recurrent GERD 
symptoms.2,29,31,35,37 Occasionally, a “slipped fundoplica-
tion” where the stomach herniates up through the wrap, 
will present with either recurrent reflux, dysphagia, or 
both.1,30,36 A recurrent hiatus hernia can occur with the 
previously created fundoplication in the chest, resulting 

in an “intrathoracic fundoplication,” many of which will 
be asymptomatic. Finally, a paraesophageal hernia can 
occur, which requires require treatment when symptoma-
tic.1,2,31-33 

Conclusion
Nissen fundoplication is an excellent operation to treat 
reflux disease. However, gradual separation of the crura 
and loosening of the wrap can occur leading to recurren-
ce of both the hiatus hernia and reflux disease.31 Certain-
ly, the intraabdominal forces that led to the hiatus hernia 
in the first place are still there, and there are physiologic 
limitations to the strength and performance of the repairs. 
For this reason, meticulous attention to detail must be 
exercised when performing these operations. 

Figures: 

Figure 1: (A) Preoperative planning of port placements.  
(B) Ports placed with Nathanson retractor and laparoscopic camera inserted
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Figure 2: Operating room setup with surgeon and assistant positioning 

Figure 3: (A) Typical view of the esophageal hiatus with the left lobe of liver elevated with a Nathanson retractor. (B) The dissection 
begins by creating a window in the gastrohepatic omentum and (C) extending that to the right crus. There is a line of separation in the 
peritoneum between the right crus and the paraesophageal fat which is entered along the right crus and then an avascular plane (D) is 

located separating the paraesophageal fat and the crus which is then extended to mobilize the esophagus.
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Figure 4: (A) Sequential mobilization along the crus distracting the esophagus from the crus is carried out. (B) The phrenoesophageal 
membrane is divided. (C) A similar blunt dissection is carried along the left crus to distract the esophagus from the left crus in the avas-
cular plane. (D) The esophagus is progressively mobilized and elevated to distract the esophagus and allow for the division of further 

attachments which one can see here.

Figure 5: (A) Progressive mobilization and creation of a retroesophageal window. (B,C) A Penrose drain is situated so that it can be 
placed in the retroesophageal window. (D) The Penrose drain is found on the other side in the retroesophageal window alongside the left 

crus
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Figure 6: (A) The Penrose drain is clipped together and then utilized to retract the esophagus. (B, C) Distraction of the esophagus allows 
for division of further attachments higher up in the mediastinum so that an adequate length of esophagus can be mobilized into the abdo-

men without tension. (D) Remaining attachments over the left crus are then divided to fully expose the left crus

Figure 7: (A) Once the hiatus is adequately dissected, attention is directed towards the short gastric vessels. This begins with creation of 
a window in the greater omentum. (B, C) The omentum is then sequentially divided all the way up by taking the short gastric vessels to the 
level of the left crus. This requires progressive distraction of the stomach to the patient’s right and I find that grasping the posterior aspect 
of the stomach helps with distraction as one gets closer to the hiatus. Either the Harmonic scalpel ™ or an advanced bipolar tool is uti-
lized for hemostasis. In the early days of our experience we used to sequentially isolate, clip and divide the vessels but that is much more 

slow and tedious. (D) In order to gain adequate mobilization for fundoplication, the highest short gastrics must be divided. 
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Figure 8: (A) In the case of a patient with a significant amount of intra-abdominal adipose tissue, a Keith needle can be passed into the 
abdomen and the adipose tissue of the omentum is speared with a suture at multiple levels in order to broadly retract the omental fatty 

tissue with a suture (B). The Keith needle is then passed out of the abdomen (C), retracting the adipose tissue and allowing for adequate 
exposure of the highest short gastric arteries by evacuating the omentum from the left upper quadrant (D). 

Figure 9: (A) The left crus is then exposed from the patient’s left-hand side. (B) The crura are now completely exposed. (C) One can then 
can begin to close the hiatus. Bites of sufficient size are needed of the crura to bring them together and a non-absorbable 0 suture is used, 

in this case silk. (D) The first suture is tied.
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Figure 10: (A, B) A second suture is placed and tied. We aim to narrow the hiatus to 1-2 fingerbreadths which was the goal in open sur-
gery historically. In essence, the hiatus must be loose enough to allow a bolus of food to come through the esophagus. There should be 
2-3 cm of space around the esophagus which correlates to 1-2 fingerbreadths. (C, D) With the esophagus distracted to the patient’s left, 
the surgeon is able to grasp the fundus of the stomach and gradually pull it around the posterior aspect of the esophagus. An adequate 

amount of stomach must be pulled through.

Figure 11: (A) Once the stomach is pulled through it is imperative that the fundoplication is floppy enough so that long-term dysphagia is 
not a consequence of the operation. I utilize a simple trick that I routinely use and teach. Once the suitability of the amount of stomach is 
demonstrated (A), I place a stitch which I then hold together with a clip (B). This allows me to pull up on the stomach which demonstrates 

that there is sufficient room beneath the wrap for distention of the esophagus. I imagine that an additional esophageal diameter can be 
placed underneath the wrap as depicted in 10C (C), and with further manipulation by pulling down, one can see that the wrap will also be 

very symmetrical (D). 
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Figure 12: (A) The wrap is now positioned and you can see that this is the desired placement of the fundoplication. (B) With the esopha-
gus being held together by the first stitch, the two edges are very close together and suturing is very easy with no tension on the repair. In 

essence, the clipped suture holds things together to make completion of a fundoplication a much easier suturing maneuver. (C, D) One can 
see that an adequate bite of the stomach must be taken, an adequate bite of esophagus, and a sufficient bite of the opposite side in order to 

create a robust fundoplication. 

Figure 13: (A) The suture that was just placed is easy to tie because there is no tension. (B) The suture that was held by the clip is now 
tied, and the third and final stitch is being placed. Typically I place three sutures in order to create a 2.5 to 3.0 cm fundoplication that ends 

just at the level of the patient’s lower esophageal sphincter. (C, D) The completed fundoplication
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