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Objective
The open Nissen fundoplication is effective therapy for gastroesophageal reflux disease. In this
study, the outcomes in 198 patients treated with the laparoscopic Nissen fundoplication was
evaluated for up to 32 months after surgery to ascertain whether similar positive results could be
obtained.

Summary Background Data
To ensure surgical success, patients were required to have mechanically defective sphincters on
manometry and increased esophageal acid exposure on 24-hour pH monitoring. The patients
either had severe complications of gastroesophageal reflux disease or had failed medical therapy.
These requirements have been found to be necessary to ensure a successful surgical outcome.

Methods
The disease was complicated by ulceration (46), stricture (25) and Barrett's esophagus (33).
Patients underwent standard Nissen fundoplications identical in every detail to open procedures
except that the procedures were carried out by the laparoscopic route.

Results
Perioperative complications included gastric or esophageal perforation (3), pneumothorax (2),
bleeding (2), breakdown of crural repair (2) and periesophageal abscess (1). The only mortality
occurred from a duodenal perforation. Six patients required conversion to the open procedure.
The median hospital stay was 3 days. One hundred patients were observed for follow-up for 6 to
32 months (median 12 months), with outcomes similar to the open Nissen fundoplication. Further
surgery was required for two patients who had recurrent gastroesophageal reflux and one who
developed an esophageal stricture. Ninety-seven percent are satisfied with their decision to have
the operation.

Conclusions
The laparoscopic Nissen fundoplication can be carried out safely and effectively with similar
positive results to the open procedure and with all of the advantages of the minimally invasive
approach.
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Gastroesophageal reflux disease is a common condi-
tion in which the gastric contents gain access to the
esophageal lumen or respiratory tract. Symptoms such
as heartburn, regurgitation, dysphagia, and respiratory
difficulty may occur. Damage to the esophageal mucosa
may result in severe esophagitis, ulceration, strictures, or
Barrett's esophagus. The lower esophageal sphincter of-
ten is mechanically incompetent in severe gastroesopha-
geal reflux disease unresponsive to medical therapy.' Un-
der these circumstances, medical therapy aimed at de-
creasing gastric acid output is ineffective, and surgical
therapy, which improves the lower esophageal sphincter
barrier, is a more logical and effective form of therapy.2
Various surgical procedures have been devised, includ-
ing the Nissen fundoplication, in which the fundus ofthe
stomach is wrapped totally around the intra-abdominal
esophagus, thereby increasing the intra-abdominal
length of the sphincter, narrowing the sphincter and ac-
centuating the angle of His.34 Other procedures include
the Toupet procedure, in which a 270-degree posterior
partial fundoplication is performed; the Hill repair, in
which the plicated proximal lesser curvature ofthe stom-
ach is fixed to the preaortic fascia, and the Belsey proce-
dure, which is performed via a thoracotomy, during
which the cardia of the stomach is wrapped partially
around the lower esophagus.58 The Nissen fundoplica-
tion has proven itself to be a very effective form of ther-
apy with excellent long-term results. Previously, we have
shown that there is a 91% success rate in 100 patients
observed for follow-up for 10 years after the open Nissen
fundoplication.9

After the successful application of laparoscopy for bil-
iary disease, other procedures that could be carried out
by the laparoscopic approach were identified. It became
clear that the abdominal esophagus and esophageal hia-
tus could be approached easily laparoscopically and that
it was possible to carry out identical antireflux proce-
dures to those that had been carried out previously by
the open technique.'0 The open technique requires a
hospital stay of up to 9 days and has significant morbid-
ity, including wound sepsis, splenectomy, deep venous
thrombosis, pulmonary complications, more pain, and a
prolonged recovery compared with that of the laparo-
scopic approach." Preliminary results with the laparo-
scopic Nissen fundoplication indicated that this proce-
dure could be performed safely and effectively.'0 This led
to experience with 198 patients who have been followed
for 1 to 32 months.
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Figure 1. Incidence of presenting symptoms expressed as a percent of
all patients.

PATIENTS AND METHODS
Between July 1991 and February 1994, 204 patients

were referred to the Creighton University School ofMed-
icine for surgical therapy of gastroesophageal reflux dis-
ease. Two patients-each with a hiatal hernia exceeding
5 cm in length on fluoroscopic examination in which
there was suspected esophageal shortening-were ex-
cluded from this study, and a transthoracic approach was
advised. Four patients with poor esophageal body motor
function also were excluded and were continued on med-
ical therapy or were subjected to a partial fundoplication
of the Toupet type. The remaining 198 patients had lap-
aroscopic Nissen fundoplications; they comprise the pa-
tients of this study. There were 122 men and 76 women.
The median age of the patients was 48 years (range 11-
80 years). The median weight was 184 pounds (range 67-
320 pounds). The presenting symptoms included heart-
burn, regurgitation, dysphagia, respiratory symptoms,
abdominal pain, chest pain, nausea or vomiting, belch-
ing, or evidence of gastrointestinal bleeding (Fig. 1).
Symptoms were present for a median of 72 months
(range 3-600 months). All ofthe patients underwent up-
per gastrointestinal endoscopies and biopsies, upper gas-
trointestinal roentgenographies, esophageal manomet-
ries using the station pull-through perfused catheter tech-
nique and 24-hour ambulatory esophageal pH
measurement. The technique of manometry and 24-
hour pH measurement have been described pre-
viously.'2"3 Thirty-three patients were found to have
Barrett's esophagus, 46 had evidence of esophageal mu-
cosal ulceration, and 25 had esophageal strictures that
were dilated before surgery. The grade of esophagitis,
scaled according to the Savary-Miller classification, is
shown in Figure 2. ' Thirty-three patients had radiologic
evidence of a hiatal hernia 3 to 5 cm in length and con-

sidered to be reducible. Ten patients with histories of
peptic ulcer disease or abnormally high esophageal acid
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Figure 2. Preoperative grade of esophagitis in the patient
the Savary-Miller classification.14

exposures in the presence of normal lower

sphincter function also had gastric acid analyr
these patients shown to have a high gastric ac
concomitant highly selective vagotomy was

together with the antireflux procedure. Other
dication for surgery was chronic gastroesoph,
disease unresponsive to medical therapy, wi

functioning lower esophageal sphincter anc
exposure of the esophagus to pH <4. Fifty-fc
had had previous abdominal surgery includin
tectomies, appendectomies, colectomies, ai

logic procedures.

OPERATIVE PROCEDURE

The procedure is carried out using general
with the patient in the lithotomy position
steep reverse Trendelenburg position. The
team is positioned as shown in Figure 3. Thi
tion for the surgeon was found to be betweer
the patient, to allow comfortable access to the
without having to twist the body or lean acro,
Ten-millimeter ports are placed as shown in ]

ter a pneumoperitoneum is produced using a
dle introduced through a small supraumbilic
The Hasson cannula was used in three case
adhesions from previous surgeries were expe
upper abdomen. The assistant on the right-h
the patient maneuvers the camera and retrac
The assistant on the left-hand side of the patii
the stomach and elevates the esophagus, al
surgeon to gain access to the area behind the (
The first step of the procedure is to divide

hepatic omentum along the upper lesser curvature ofthe
stomach (Fig. 4). This should be done over a short dis-
tance to avoid damage to the hepatic branches ofthe va-
gus nerve. In 12% of patients, an aberrent left hepatic
artery was discovered and was preserved intact in 21 of

i grade o 24 patients. In the remaining three patients, the vessels
8 1 % obstructed the view to such an extent that they required

ligations with silk loop ties and were divided. The next
step is to retract the stomach to the left and expose the
right crus of the diaphragm. The anterior edge of the
right crus can be identified easily by incising the overly-

Barrett's ing peritoneum. The crus can be peeled gently off the
16.8% esophagus, allowing access to the mediastinum around

the esophagus (Fig. 5). The stomach is retracted to the
right-hand side, and the left crus is identified similarly
and dissected and removed from the esophagus (Fig. 6).

:s,according to At this time, it is important to dissect the free edge of
the left crus well behind the esophagus to prepare for the
establishment of the window behind the esophagus. The
esophagus is elevated, and the posterior vagus nerve can

esophageal be identified easily behind the esophagus. This is dis-
ses. In six of sected gently and removed from the esophagus, and a

id output, a window is created anterior to the nerve and posterior to

carried out the esophagus. The window is made in the connective

wise, the in- tissue immediately inferior to the left crus of the dia-
ageal reflux phragm and allows access to the peritoneal cavity supe-
ith a poorly rior to the fundus of the stomach. Great care should be
t abnormal exercised in making this opening under clear vision with-
;ur patients out damaging the posterior wall ofthe stomach or esoph-
ig cholecys- agus. Ifthe dissection is performed too high, the left pleu-
nd gyneco- ral cavity may be entered, and a pneumothorax may be

created. Extensive dissection into the mediastinum may
result in air tracking into the neck, but this usually is of
little consequence and quickly resorbs. This occurred in
two cases. Once the window posterior to the esophagus
is created, it can be widened by further dissecting the pos-

anesthesia, terior vagus nerve and removing it from the lower esoph-
and in the agus. A small branch of the posterior nerve passing onto
operating the back of the esophagus may have to be divided to fa-

e best posi- cilitate this maneuver. The left and right crura should be
i the legs of stripped of their surface connective tissue in preparation
hiatal area for the crural closure behind the esophagus and in front

ss the table. of the posterior vagus nerve (Fig. 7). This usually is ac-
Figure 3 af- complished using one to three 2-0 Prolene sutures
Verres nee- passed through the muscle bundles ofthe crura. The first
,al incision. stitch is placed posteriorly as far as possible. The stitches
Is in which are placed to snugly close the hiatus about the esophagus,
cted in the which contains a size 58 to 60 French Maloney bougie.
and side of The bougie then is retracted into the thoracic esophagus,
ts the liver. and the upper 10 cm ofthe greater curvature ofthe stom-
ent retracts ach is mobilized by clipping and dividing short gastric
[lowing the vessels and peritoneal attachments to the spleen and dia-
esophagus. phragm (Fig. 8). It usually is not necessary to carry out
the gastro- this dissection all the way to the angle of His because the
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Figure 3. (upper left) Position of the sLurgical team with the uatenrt in" the
lithotomy position in steep reverse Treridelenburg. Position ot the five 10-
mm ports is shown.

Figure 4. (upper right) The gastrohepatic omentrurn is divided.

Figure 5. (middle left) The gastrohepatic omenturmi is further incised to
expose the right crus of the diaphragm and the front of the esophagUs.

Figure 6. (middle right) The stomach is retracted to the patient s right
hand side and the left crus of the diaphragm is dissected ofh the esopha
gus as far posteriorly as possible. A window is then- created behind the

esopnagUS. irth.:'h esophagus can be elevated to allow further dissection of the posterior vagus nerve and the left cruJs of the diaphragm.

Figure 7. (lower left) The crura are approximated posterior to the esophagus and anterior to the posterior vagus nerve. A penrose drain may be used to
retract the esophagus.
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Table 1. COMPLICATIONS OF
LAPAROSCOPIC NISSEN FUNDOPLICATION

Complication No. (%)

Gastric or esophageal perforation 3(1.5)
Pneumothorax 2 (1)
Bleeding 2(1)
Breakdown of crural repair 2(1)
Urinary tract infection 2 (1)
Duodenal perforation day 4 with ARDS 1 (0.5)
Periesophageal subphrenic abscess 1 (0.5)
Pneumonia 1 (0.5)
Bacteremia with jaundice 1 (0.5)

ARDS = adult respiratory distress syndrome.

most proximal to 2 cm of the fundus does not require
displacement very far behind the esophagus in perform-
ing the fundoplication. A Babcock grasper is passed from
the right subcostal port behind the esophagus to grasp

the mobilized fundus, which is then pulled through the
window behind the esophagus (Fig. 9). The bougie is re-

placed in the lower esophagus, and the wrap is fixed
snugly around the bougie contained in the esophagus. It
is important that a contiguous part of the fundus of the
stomach is used for the fundoplication to avoid an exces-

sively loose wrap (Fig. 10). A U-shaped stitch of 2-0 Pro-
lene with two Teflon pledgets on the outer surface ofeach
limb of the wrap is used to secure the fundoplication.
An additional one or two simple Prolene sutures may be
placed above or below the U-stitch, as required (Fig. 1 1).
The bougie then is replaced into the stomach to finally
check the tightness ofthe wrap. The pneumoperitoneum
is released, and the ports are removed. The median oper-

ative time was 2.5 hours (range 1.4-6 hours) and the me-
dian blood loss was 50 mL (range 10-2000 mL).

OPERATIVE COMPLICATIONS

The operative complications are listed in Table 1. In
the early experience, a small gastric perforation in two
cases and an esophageal perforation in another case were

repaired immediately after conversion to open proce-
dures. All three patients made uneventful recoveries.
Pneumothoraxes occurred in two cases and did not in-
terfere with the laparoscopic procedures. No chest drains
were required. Bleeding from a short gastric vessel re-

quired conversion to the open procedure in one patient.
Another patient had a decrease in hemoglobin percent-
age from 13 g down to 7 g during the first 24 hours after
surgery and was the only patient who required a blood
transfusion. There were no splenic injuries. The need for
conversion to open procedures occurred in 4 of the first

30 patients and in only 2 ofthe subsequent 168 patients.
This was done because of esophageal or gastric perfora-
tions, bleeding from a short gastric vessel, bleeding from
the cystic artery during cholecystectomy, and difficulty
in dissecting the esophageal hiatus. This indicates the
prolonged learning curve of the procedure. However,
once mastered, the procedure can be accomplished with-
out undue difficulty, even in the most obese patients.
Previous abdominal surgery was not found to be a con-

traindication for the laparoscopic approach.

CONCOMITANT LAPAROSCOPIC
PROCEDURES

Other concomitant laparoscopic procedures were

done for 25 patients (Table 2). Three of the first 100 pa-

tients returned with acute attacks of cholecystitis or bili-
ary pancreatitis within the first year after surgery. This
prompted us to do routine preoperative ultrasonogra-
phies of the gallbladder in the subsequent cases and to
perform laparoscopic cholecystectomies at the same

time as the laparoscopic Nissen fundoplications in those
patients in whom gallstones were found to be present.
Fourteen patients had gallstones shown on ultrasound
examination ofthe abdomen and had a concomitant lap-
aroscopic cholecystectomy. Six had a highly selective va-

gotomy, three had a laparoscopic repair of an inguinal
hernia and one had a laparoscopic repair of an inciden-
tally found Morgagni's hernia using Prolene mesh. In
one patient who was mentally impaired, a gastrostomy
tube was placed.

EARLY POSTOPERATIVE CARE

In the first 41 cases, nasogastric tubes were left in the
stomach until the next morning. This was omitted in the
next 157 cases and led to no untoward problems. In the
early experience and in patients in whom there were any
surgical difficulties, a gastrografin swallow was done the
morning after surgery to confirm that there was no injury
to the esophagus or stomach and that the fundoplication
was in good position. This was done in 86 cases, and no

Table 2. OTHER SIMULTANEOUS
LAPAROSCOPIC PROCEDURES

Procedure No.

Cholecystectomy 14
Highly selective vagotomy 6
Inguinal herniorrhaphy 3
Gastrostomy 1
Morgagni hernia repair 1

Vol. 220.- No. 4
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Figure 12. The length of hospital stay for all patients. All patients con-

verted to the open procedure were in the hospital for> 5 days.

leaks or other problems were detected. Patients were

given small amounts of clear liquid on the same evening

of surgery and were offered a light breakfast ofscrambled

egg and cereal on the morning after surgery. The median

hospital stay was 3 days (range 1-26 days) (Fig. 12). In

the later experience most patients left hospital after 2

days. Patients were encouraged to eat a soft diet for the

first 2-3 weeks after surgery and were told to avoid dry

bread and chunky food such as steak for this period. The

median time for return to work was 3 weeks.

POSTOPERATIVE COMPLICATIONS

Two patients required antibiotics for urinary tract in-

fections and one required an emergency transurethral

prostatectomy 6 days after the Nissen fundoplication.

Another patient required nasogastric suction for 6 days

for a prolonged ileus, and another had a bacteremia as-

sociated with bilirubinemia, which resolved with antibi-

otic therapy. One patient developed postoperative pneu-

monia. There was one death-i.e., a 68-year-old woman

had a duodenal perforation on the fourth postoperative

day, with subsequent adult respiratory distress syn-

drome. A 67-year-old patient on steroids developed a

small periesophageal subphrenic abscess-not associ-

ated with bowel perforation-which was drained suc-

cessfully. She made a good recovery. Two patients devel-

oped acute paraesophageal hernias of the fundus of the

stomach through the esophageal hiatus on the third and

fifth days after surgery. One ofthese was repaired laparo-

scopically and the other was associated with a small

bowel obstruction at a port site and was repaired at lapa-

rotomy.

POSTOPERATIVE FOLLOW-UP

Patients were seen in the clinic at 1, 3 and 5 weeks after

surgery. Dysphagia was the most common early symp-

tom after surgery and occurred in 23% of patients. This
resulted in the need for esophageal dilatation in 2 pa-
tients on one occasion, 3 patients on two occasions, 3
patients on three occasions, 1 patient on four occasions
and 1 patient on five occasions. Postoperative foregut
symptoms required upper gastrointestinal endoscopy in
16 patients. Nine were found to be normal, 6 had evi-
dence of gastritis and one had a prepyloric gastric ulcer
which healed on medical therapy.
Three patients have required subsequent reoperation.

One ofthe early patients had recurrent reflux symptoms
and was found at laparotomy to have had the wrap in-
correctly placed. One patient who in retrospect had a
short esophagus preoperatively, required a thoracotomy
and Collis-Nissen repair 4 months after surgery. One pa-
tient with persistent dysphagia underwent open reopera-
tion in another state without having attempted dilata-
tion.
The first one hundred patients were surveyed 6-32

months after surgery and answered the questions shown
in Table 3. Ninety-seven of the 100 reported that they
were satisfied with their decision to have surgery and
none ofthe patients require to take medication for symp-
toms of reflux disease.

FOLLOW-UP ESOPHAGEAL
MANOMETRY AND 24-HOUR pH
STUDIES

Fifty-one patients volunteered to have repeat esopha-
geal manometry, and 24 patients, 2 ofwhom had recur-
rent reflux symptoms, agreed to 24-hour esophageal pH
studies 3 to 12 months after surgery. The results ofthese
studies are shown in Figures 13 through 16. There was a

significant increase in resting pressure of the lower
esophageal sphincter, with a significant decrease in its in-
trathoracic length and increase in its intra-abdominal
length. The postoperative lower esophageal sphincter
pressure was in the normal range in 49 of 51 patients

Table 3. RESULTS 6 TO 32 MONTHS
AFTER SURGERY (N = 100)

Absent Mild Moderate Severe

Dysphagia 69% 25% 6% 0%
Nausea 92% 3% 5% 0%
Bloating 64% 23% 12% 1%
Reflux symptoms 92% 7% 1% 0%
Diarrhea 80% 11% 9% 0%
(preoperative) (85%) (15%)
Early satiety 51% 0% 49% 0%
Dietary restriction 98% 2% 0% 0%
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Figure 13. Lower esophageal sphincter manometry (mm Hg ± SEM) be-
fore and after laparoscopic Nissen fundoplication, showing a significant
increase in resting sphincter pressure after the procedure. The 2.5th-
97.5th percentile for normals lies between 6-28 mm Hg.

tested. There were no significant changes in the mano-
metric characteristics of the esophageal body (Fig. 15).
Twenty-one of 24 patients had no evidence of abnormal
acid exposure in the esophagus after surgery (Fig. 16).
Two of the three who tested positive were operated on
again for recurrent reflux disease.

DISCUSSION

The medical management of gastroesophageal reflux
disease often is ineffective; most patients who respond
to initial medical therapy relapse after one year.2"5 The
reason for this is that medical therapy directed against
gastric acid secretion does not address the major underly-
ing problem, which is a mechanically ineffective antire-
flux barrier at the lower esophagus.' A recent compari-

0 20 40 60 80 100

mm Hg
Figure 15. No significant change in esophageal body pressure during
swallowing in the upper level down to the lower level of the esophagus
comparing preoperative to postoperative results. There also was no
difference in the incidence of simultaneous or abnormal waves.

son ofmedical and surgical therapy indicated the superi-
ority of surgical therapy in controlling this disease.2 The
current study of laparoscopic Nissen fundoplication has
shown the effectiveness of surgery in controlling this dis-
ease in carefully selected cases. It is not surprising that
the results after the laparoscopic approach were very
similar to the outcome after the open procedure because
exactly the same procedure was carried out in both. The
operative mortality of0.5% is very similar to many stud-
ies ofthe open Nissen fundoplication, in which mortality
rates of0 to 2% are reported.3'4'7-9"'l However, there were
some remarkable differences. This study and the experi-
ence of others with the laparoscopic Nissen fundoplica-
tion have shown an absence of the need for splenec-
tomy.'6 With the open procedure, splenectomy is re-
quired in about 2% of cases." Other advantages are the

5
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* p <0.0001 vs pre-op
n=51

TOTAL LENGTH THORACIC LENGTH ABDOMINAL LENGTH

Figure 14. Length of the lower esophageal sphincter before and after
laparoscopic Nissen fundoplication, showing a significant decrease in the
intrathoracic length, with a significant increase in the intra-abdominal
length after surgery.
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Figure 16. The 24-hour esophageal pH composite score13 before and
after laparoscopic Nissen fundoplication. Normal score <14.8. Twenty-
one of 24 patients had a normal score after surgery. Two of those with
abnormal results after surgery had recurrent disease (*).
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virtual absence of wound sepsis, pulmonary complica-
tions, deep venous thrombosis, and incisional hernias,
which occur in up to 10% of open cases and may require
further surgery. As proficiency is acquired with the lapa-
roscopic approach, even the most obese patients can un-
dergo operations with relative ease. The greatest risk of
the laparoscopic procedure is an unsuspected perfora-
tion of the esophagus or stomach. An incidence of un-
suspected bowel perforation in approximately 2% of
cases is reported with the open procedure and has a high
mortality." It is necessary to be particularly aware ofthis
complication and respond promptly to early postopera-
tive signs or symptoms suggestive of peritoneal sepsis.

This series has again shown that a good result from
surgical therapy can be anticipated for patients who are
unresponsive to medical therapy and who have a me-
chanically incompetent lower esophageal sphincter,
good esophageal body function, and evidence on pH
testing of abnormal acid exposure in the esophagus. The
mere presence of a hiatal hernia and a history suggestive
of gastroesophageal reflux disease is not sufficient evi-
dence to recommend surgery. Conditions such as sclero-
derma, esophageal body motility disorders, disorders of
gastric motility, and pill-induced esophagitis, may have
similar symptoms to those ofgastroesophageal reflux dis-
ease, but these patients would be poorly served by an
antireflux procedure. Excellent results can be achieved
by insisting on strict standards of investigation. Should
there be evidence of esophageal shortening, difficulty
may be experienced in returning the lower esophageal
sphincter to the abdomen. There may be axial tension
on the stomach within the wrap and a "slipped Nissen"
may result. To avoid this complication, these patients
should be offered a transthoracic approach with exten-
sive mobilization of the esophagus and perhaps esopha-
geal lengthening in the form ofa Collis gastroplasty.

Despite the fact that the crura were approximated be-
hind the esophagus in all cases, there was evidence of
breakdown ofthe crural repair with herniation ofthe up-
per stomach into the chest in the early postoperative pe-
riod in two patients. Should the crura have not been
closed, the incidence of this complication would have
been even greater. The avoidance of gastric decompres-
sion in the early postoperative period may have contrib-
uted to this complication. The fundus of the stomach
should be freed to allow it to lie comfortably behind the
esophagus without tension. Should there be tension on
the wrap, this could result in torsion on the esophagus,
with possible dysphagia or disruption of the wrap. We
have shown that a short wrap measuring less than 2 to 3
cm is sufficient to maintain the antireflux properties of
the Nissen fundoplication. Previously, it has been shown
that a longer wrap will result in a high incidence of dys-
phagia.17 In patients with gastric acid hypersecretion

Ann. Surg. * October 1994

who have prior histories ofpeptic ulceration orwho have
high acid exposure in the esophagus in the presence of
normal lower esophageal sphincter pressure, a concomi-
tant highly selective vagotomy should be performed. The
steps of the laparoscopic vagotomy are essentially the
same as for the open procedure, with dissection of the
anterior and posterior vagal nerve trunks and the cre-
ation ofa window into the lesser sac along the lesser cur-
vature of the stomach.'8 Because the lesser curvature of
the stomach has been denuded of its blood supply, we
do not favor dividing short gastric vessels in these cases
before performing the fundoplication. It may be more
appropriate in this case to do a partial posterior fundopli-
cation of the Toupet type if the fundus does not easily
come around the esophagus in the form of a 360-degree
Nissen fundoplication. We always were able to easily
identify the posterior vagus nerve but did not deliber-
ately dissect the anterior vagus nerve and remove it from
the esophagus. The anterior nerve remains closely adher-
ent to the esophagus and is enclosed within the wrap.
Placing the fundoplication between the posterior vagus
nerve and the esophagus aids in preventing later slippage
of the fundoplication.

Others have reported the ability to perform different
antireflux procedures via the laparoscopic route. It is
possible to perform the Hill procedure or the Toupet pro-
cedure. This approach also has been used successfully for
the laparoscopic Heller myotomy for achalasia of the
esophagus. '9

This study has shown the ability to perform a conven-
tional Nissen fundoplication using the laparoscopic ap-
proach. The early results after this procedure are at least
as good as those reported for the open procedure. There
is a high acceptance rate of the laparoscopic approach
by patients and gastroenterologists because ofthe shorter
hospitalization, less pain, fewer side effects, and a more
rapid return to normal activities. However, the proce-
dure is technically challenging and is potentially danger-
ous for surgeons who have not undergone proper train-
ing and proctoring in advanced laparoscopy. The lapa-
roscopic Nissen fundoplication is our preferred method
for the surgical treatment ofgastroesophageal reflux dis-
ease, in which medical therapy has failed and offers all of
the advantages ofthe minimally invasive approach.
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Discussion
DR. Lucius D. HILL (Seattle, Washington): The authors

state that their goal is to see ifthey can duplicate the long-term
results of the open procedure, so I think it's worthwhile to take
a look at this goal.

There's been a recent report in the New England Journal of
Medicine concerned with the randomized trial done by the VA
System across the United States. It was interesting that the gas-
troenterologists had to admit that surgery was superior to med-
icine but both treatments were effective.

But let's look at the surgical series because it's a good assess-
ment ofthe long-term results ofthe Nissen procedure. The pro-
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cedure that was used in that randomized trial was the two-stitch
Nissen quite similar to what the authors have just reported.
The results of the Nissen in this study showed a 15% opera-

tive complication, an 18% immediate postoperative complica-
tion, and 81% over the long term who had more than one sur-
gical symptom. Now, I would agree with the authors that this is
an attainable goal, but I wonder if it is a desirable one.
Another assessment ofthe Nissen procedure recently was re-

ported by Thor from Stockholm in which they did a random-
ized trial ofthe Nissen versus the Toupet. At the end of 5 years
the good-to-excellent results ofthe Toupet procedure were 95%
and the Nissen, 67%.
Meanwhile our group, in concert with Snow ofAlabama, has

done 141 patients laparoscopically. We did 33 pigs before we
ever did a human, so that we were fairly comfortable when we
started doing the laparoscopic procedure on humans.
And I would admonish anyone who is going to do this to

either work with someone who has done it or do some pigs,
because it's quite different from the laparoscopic cholecystec-
tomy. There's a good deal more suturing and you're working in
an area that's a little more difficult to expose than the gallblad-
der.
So far we have had no mortalities nor perforations. We have

dilated six patients postoperatively; only one of these has per-
sistent dysphagia and this one is a fairly recent one. We have
minimal reflux in three patients; two of these were asymptom-
atic but one has symptoms of heartburn. We have had to redo
no patients to date.
So in light of these long-term results with the Nissen, I won-

der ifthe authors had considered doing some alternative proce-
dure. I notice that they have done some Toupet procedures.

Ifthey do not like our reconstruction ofthe gastroesophageal
junction, perhaps a Toupet procedure would give the patient a
little better opportunity to face the future with the prospect of
doing better than the 8 1% with more than one surgical compli-
cation.
DR. TOM R. DEMEESTER (Los Angeles, California): I rise to

place this paper in perspective from the standpoint of how the
study started. The decision to start performing laparoscopic
Nissen fundoplications at Creighton University took place in
the latter part of 1990, when Dr. Hinder and Dr. Filipi dis-
cussed with me the reports they were hearing about Nissen fun-
doplication being done in Belgium by Dr. Dellamagne. They
suggested that we should look into the possibility. I was resis-
tant and reluctant because ofmy commitment to the open Nis-
sen, but suggested that they go to Belgium to take a look. They
went, and came back enthusiastic and advised that we should
begin doing the procedure.
A decision was made that the same inclusion criteria used for

the open procedure would be used for the laparoscopic ap-
proach and that the laparoscopic procedure would be done ex-

actly as we were doing the open procedure. With that agreed to,
they began, and I moved to Los Angeles.
We kept in contact and after Ron [Hinder] had done his

100th patient, I became convinced that they were having the
same outcome that we had with the open procedure, both from
the measurement of symptomatic and functional improve-
ment. They were achieving the same augmentation in lower


