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After antireflux surgery for gastroesophageal reflux disease, 10% to 15% of patients may

have unsuccessful results as a result of abnormal restoration of the esophagogastric

junction. The purpose of this study was to evaluate the postoperative endoscopic and

radiologic characteristics of the antireflux barrier and their correlation with the

postoperative results. After surgery, endoscopic and radiologic features of the antireflux

wrap were evaluated in 120 consecutive patients. Jobe’s classification of the postoperative

valve was used for the definition of a ‘‘normal’’ or ‘‘defective’’ wrap. Patients were evaluated

3 to 5 years later in order to determine the clinical and objective failed fundoplication. A

‘‘normal’’ antireflux wrap was associated with successful results in 81.7% of the patients. On

the contrary, defective radiologic or endoscopic antireflux wrap was observed in 19% of

cases. Among these patients, hypotensive lower esophageal sphincter was observed in 50%

to 65% of patients, abnormal 24-hour pH monitoring in 91%, and recurrent postoperative

erosive esophagitis in 50% of patients, respectively (P , 0.001). ‘‘Defective’’ antireflux

fundoplication is associated with recurrent reflux symptoms, presence of endoscopic

esophagitis, hypotensive lower esophageal sphincter, and abnormal acid reflux.
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Patients with gastroesophageal reflux disease
(GERD) have anatomic defects of the esophago-

gastric junction (EGJ) as dilatation of the cardia
and/or presence of hiatal hernia.1–4 These defects
have been associated with incompetence of the

lower esophageal sphincter (LES) and pathologic
acid reflux. The aim of antireflux surgery is to create
an antireflux barrier by increasing the competence
of the LES and to avoid this abnormal acid reflux.
However, failure of antireflux surgery has been
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reported in several publications and pathologic acid
reflux test can be observed in 5% to 15% of GERD
patients.5,6 Zaninotto et al6 reported 13.2% of reflux
recurrence in patients with GERD (6.2% in patients
with grade 0 to I esophagitis and 7% in patients with
grade-II esophagitis, respectively). Presence of ab-
normal acid reflux has been reported after Nissen
fundoplication as well as after Toupet or cardial
calibration in a very similar percentage of cases.7–9

The restoration of the cardial anatomic integrity is
followed by a successful outcome after surgery. On
the contrary, some authors have published endo-
scopic or radiologic failures after fundoplication,
with defective antireflux wrap associated with a
high rate of symptomatic and objective reflux
recurrence reaching up to 25% of cases.2,10

The purpose of this prospective study was to
correlate the presence of postoperative radiologic
and endoscopic defects of the new antireflux barrier
after surgery and its association with persistence
of symptoms, endoscopic esophagitis, hypotensive
LES, and abnormal 24-hour pH monitoring.

Patients and Methods

Patients studied

In this prospective study, we included 120 consecu-
tive patients with chronic gastroesophageal reflux
disease. They comprised 49 men and 71 women, with
a mean age of 41.8 years (range, 27–73 years),
submitted to calibrated fundoplication and posterior
gastropexy. They corresponded to 53 patients with

esophagitis type A or B of the Los Angeles classifi-
cation, 35 patients with esophagitis and short-seg-
ment Barrett’s esophagus, and 20 patients with type-I
axial hiatal hernia. Exclusion criteria included pa-
tients with complicated Barrett’s esophagus with
ulcer or stricture, scleroderma, previous antireflux
operations, and paraesophageal or large hiatal herni-
as. All patients gave their written informed consent to
be included in the present study.

Preoperative and postoperative evaluation

All patients were strictly submitted to a complete
preoperative and postoperative evaluation, which
included a clinical questionnaire, upper gastrointes-
tinal (GI) endoscopy, manometry, 24-hour intra-
esophageal pH monitoring, and a radiologic esoph-
agogastroduodenal study with barium sulphate,
before and during the follow-up after the operation.
Figure 1 shows the design of the entire study
including the follow-up.

Clinical questionnaire

A careful clinical assessment was performed in each
patient before and 1 to 3 years after surgery, asking
about the presence of heartburn, regurgitation,
dysphagia, chest pain, or other extra-esophageal
symptoms; graded as absent, occasional (less than
once a week), and frequent (more than once a week).
The presence of frequent symptoms was considered
an indicator of recurrent or persistent reflux after
surgery.

Fig. 1 Study design: preoperative study, early postoperative evaluation, and late evaluation.
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Radiologic evaluation

Before surgery, patients were studied with barium
sulphate swallow. This test was performed after an
overnight fast, using a low-density barium sulfate
suspension (45% weight in volume). Patients were
instructed to drink the amount of barium that they
could tolerate without regurgitation or aspiration
(usually between 150 and 200 mL). With the patient
in an upright position, 4 X-rays (35 3 35 cm) were
taken between 1 and 4 minutes after the last swallow of
barium. Then, the patient was placed in a supine
position, and the other 4 films were taken. The
radiologic characteristics of the EGJ were evaluated
according to the method previously reported.11 One
month after surgery, the study was repeated in all
patients, considering the symmetric or asymmetric
configuration of the wrap, impression of the wrap over
the distal esophagus, dilated cardia, in order to exclude
postoperative hiatal hernia, slipping, displacement,
strictures, or the presence of other deformities after
surgery. According to these findings, fundoplication
was defined as follows:

N normal: adequate His angle, diameter of the EGJ
less than 25 mm, without hiatal hernia, and
having good representation of the antireflux wrap
(Fig. 2a);

N defective: without normal His9 angle, dilated EGJ
more than 26 mm, presence of recurrent hiatal
hernia, no clear representation of the antireflux
barrier without normal impression of the wrap
over the distal esophagus, or having saccular
deformities (Fig. 2b).

Endoscopic and histologic evaluation

In all patients, before and 3 months after the
operation, endoscopic examination was performed
using an Olympus video-endoscope. The anatomic
characteristics of the cardia and the presence of a
hiatal hernia observed by ‘‘U-turn’’ procedure were
recorded. Preoperative anatomic features of the
cardia were described employing Hill’s classifica-
tion.12 Special care was taken to measure the exact
location of the squamo-columnar junction at the
beginning and at the end of the procedure,
avoiding the ‘‘push’’ and ‘‘pull’’ effects of the
endoscope. After surgery, the anatomic aspects of
the antireflux valve were classified according to
Seltman and Jobe’s classification for definition of a
‘‘normal’’ fundoplication13,14 based on the follow-
ing findings:
N tight adherence to scope
N circumferences of the cardia less than 35 mm

(considered as normal in the Seltman’s report)13

N no cardia dilatation
N valve length (body) 3 to 4 cm
N nipple or coil type (Jobe classification)
N intra-abdominal location and proper repair posi-

tion.
On the contrary, if a persistent dilated cardia,
asymmetric deformities, or presence of hiatal hernia
were demonstrated, it was defined as ‘‘defective’’
fundoplication. Figure 3a shows the normal endo-
scopic images during the endoscopic postopera-
tive evaluation compared with abnormal images
(Fig. 3b)

Fig. 2 Radiologic appearance of (a) a normal and (b) a defective fundoplication.
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Manometric studies

Manometric testing was carried out after a 12-hour
fast with the patient in the supine position. The
complete details of this procedure have been fully
explained in previous reports.6,7 The resting pressure
of the lower esophageal sphincter was measured. The
location of the distal and proximal end of the lower
esophageal sphincter was also measured in centime-
ters from the incisors in order to measure the total
and abdominal length of the sphincter. According to
the normal values of our laboratory (18 6 3 mm), a
resting lower esophageal sphincter pressure less than
12 mmHg was considered a hypotensive sphincter.

24-Hour intraesophageal pH study

A 24-hour intraesophageal pH study was performed
after a 12-hour fast, introducing the catheter through
the nose until the stomach was reached (Digitrapper;
Synectics, Sweden). The catheter was then placed 5 cm
above the manometric upper border of the lower
esophageal sphincter (manometry is always done
before this procedure). Positive acid reflux was

considered according to the DeMeester parameters.8

This test was carried out in all patients before and 1 to
3 years after surgery when the last evaluation was
performed. The complete details of these procedures
have been published very completely elsewhere.6,8

Follow-up

All patients were submitted to late follow-up 3 to
5 years after the operation in order to precise
presence of reflux symptoms (considered as positive
reflux symptoms), heartburn, regurgitation, erosive
esophagitis, and incompetence of LES or acid reflux.

Surgical technique

After pneumoperitoneum with 5 working ports and
complete removal of the fatty tissue around the
angle of His, we divided the first ascending branch of
the left gastric artery at the lesser curvature and
continued the dissection around the cardia in order to
completely clear the esophagogastric junction, also
dividing 1 or 2 short gastric vessels via the posterior

Fig. 3 (a) Endoscopic representation of ‘‘normal’’ fundoplication with restoration of the normal diameter of cardia and acute His angle.

Images demonstrate 3- to 4-cm-long valve, tight adherence to scope nipple or coil type, and good intra-abdominal position. These

images accomplish the requirements suggested by Jobe and Kahrilas for a good antireflux valve.13,15 Patients after surgery did not

present severe dysphagia. (b) Endoscopic ‘‘defective’’ fundoplication: short valve or dilated cardia in poor position. These images did

not meet the required characteristics for a good antireflux valve.
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approach. In this way, the anterior, posterior, right and
left portions of the abdominal esophagus were com-
pletely exposed. The hiatus was closed with 2 to 3
nonabsorbable stitches. We proceeded to perform
seromuscular 2/0 nonabsorbable sutures in the anterior
wall of the stomach on the lesser curvature, 1 to 2 cm
distal and perpendicular to the anatomic border of the
cardia, without including the esophagus, including the
sling fibers and the inferior clasp fibers. The stomach
was then rotated to expose the posterior wall of the
esophagus and gastric fundus in order to place stitches
in the corresponding points of the anterior wall and
posterior wall of stomach in a symmetric fashion, and
we performed a calibrated fundoplication, wrapping
3 cm of the distal esophagus.15 To avoid extreme
narrowing of the esophagus and cardia, an intraluminal
40 French bougie was used. The more proximal stitch
was also fixed to the diaphragmatic pillar.

Statistical analysis

Data were managed in Microsoft Excel database; for
statistical analysis contingence, 2 3 2 tables were
made: Fisher exact test and x2 test for proportions.
Tests were applied to establish the significant differ-
ence between postoperative exams, using SPSS 6.0
(Statistical Program for Social Sciences, Chicago
University, 1975); P , 0.05 was considered significant.

Results

Before operation, radiologic cardial dilatation or
hiatal hernia with hypotensive LES and an abnormal
acid reflux were present in all patients included in
this study. Table 1 shows the manometric and 24-
hour pH monitoring characteristics in patients with
radiologic or endoscopic ‘‘normal’’ fundoplication

compared with patients with postoperative defec-
tive wrap.

After surgery, the radiologic aspects of the cardia
were defined as ‘‘normal’’ in 98 patients. Among
them, normal manometry was observed in 92
(93.6%) (P , 0.001). Defective fundoplication was
observed in 22 patients, and 11 (50%) of them had
hypotensive LES late after surgery (P , 0.001).
Almost the same results were observed during the
evaluation of 24-hour pH monitoring. Among
patients presenting a ‘‘normal’’ radiologic fundopli-
cation late after surgery, abnormal acid reflux was
observed in 10 patients (9.5%). On the contrary,
among 22 patients who presented ‘‘defective’’
radiologic fundoplication, 20 (90.9%) showed posi-
tive reflux (P , 0.001).

Endoscopic evaluation after surgery, was ‘‘nor-
mal’’ in 97 (80.8%) patients (very similar to radiologic
evaluation), associated with normal lower esophage-
al sphincter pressure (LESP) in 95 of them (97.9%). In
23 patients, ‘‘defective’’ wrap was associated with
hypotensive LES in 15 of them (65.2%) (P , 0.001).
Positive acid reflux was present in 10 of 97 (11.3%)
patients with ‘‘normal’’ endoscopic fundoplication.
Surgery failed to create a good fundoplication in 23
patients, 20 (86.9%) of them demonstrating abnormal
acid reflux late after surgery (P , 0.001). Therefore,
when dividing patients as ‘‘refluxers’’ or ‘‘non-
refluxers,’’ the majority of patients (near 90%) with
defective fundoplication confirmed with endoscopic
or radiologic assessment were refluxers, while only
10% of patients with normal fundoplication were
refluxers (P , 0.001).

Table 2 shows the results of patients with
radiologic or endoscopic defective fundoplication
compared with patients with normal fundoplication
and its correlation with manometry, acid reflux,

Table 1 Postoperative lower esophageal sphincter pressure (LESP) and 24-hour pH monitoring in patients with ‘‘normal’’ or ‘‘defective’’
fundoplication

Anatomic appearance of
fundoplication (n 5 120)

Manometry LESP 24-hour pH monitoring

Normal Hypotensive (,12 mmHG) Normal Positive reflux

Normal

Radiology (n 5 98) 92 (93.9%) 6 (6.1%)a 88 (89.8%) 10 (9.5%)b

Endoscopy (n 5 97) 95 (97.9%) 2 (2.1%) 87 (88.7%)a 10 (11.3%)b

Defectivec

Radiology (n 5 22) 11 (50%) 11 (50%)a 2 (9.1%) 20 (90.9%)b

Endoscopy (n 5 23) 8 (34.8%)c 15 (65.2%)c 3 (13.1%) 20 (86.9%)b

aP , 0.001.
bP , 0.001.
cNo clear antireflux cuff or persistence of dilated cardia.
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endoscopic esophagitis, and symptoms 1 to 3 years
after surgery. In patients with radiologic defective
fundoplication, almost 90% of them presented with
abnormal acid reflux, 50% presented with hypoten-
sive LES, 50% with erosive esophagitis, and only 9
(40%) presented with reflux symptoms. In patients
with defective endoscopic fundoplication, 20 pa-
tients (86.9%) had positive reflux, 15 patients (62.5%)
had hypotensive LES, and 11 (47.8%) presented with
erosive esophagitis as well as reflux symptoms.
Among patients with either radiologic or endoscopic
‘‘normal’’ fundoplication, hypotensive LES, endoscopic
esophagitis, and reflux symptoms were significant-
ly less frequent (P , 0.001).

Therefore, after this objective evaluation after
surgery, abnormal acid reflux was observed in 30
out of 120 operated patients (25%), almost 90% of
them as a result of defective antireflux surgery. We
observed a good correlation comparing adequate
radiologic and endoscopic fundoplication with
normal manometry and 24-hour pH monitoring. In
patients with defective fundoplication, endoscopic
evaluation seems to have better sensitivity com-
pared with radiologic assessment.

Discussion

Several studies have demonstrated that increased
cardiac circumference or cardiac dilatation corre-
lates closely with the severity of GERD. Hill12

proposed a classification based on the diameter of
the cardia visualization during endoscopic U-turn
view, demonstrating that patients with GERD,
Barrett’s esophagus or hiatal hernia presented a
dilated cardia type III or IV of his classification.
Korn et al3 and Csendes et al4 also correlated the
anatomic dilatation of the cardia and competence
of the LES. The conclusion of these studies also
demonstrated that dilatation of the cardia is accom-
panied by incompetent LES and GERD. Seltman and

Kahrilas,14 measuring the circumference of the
cardia, confirmed a close relationship between this
parameter and more advanced disease. Both studies
propose that endoscopic assessment could be
superior to manometry for separating GERD pa-
tients from normal subjects. They suggest that the
presence of GERD would be unlikely with a cardiac
circumference less than 34 mm. In addition, other
studies performed by the same authors, using
endoscopic appraisal of the gastroesophageal valve,
suggest that these criteria can be employed for
evaluating the results after antireflux surgery. Jobe
et al described 10 endoscopic criteria in order to
establish a lexicon determining the integrity or
normality of antireflux valve.15 The purpose of each
antireflux surgery is to create a new barrier for
reflux, which includes reduction of hiatal hernia
(if it exists), crural closure, creation of an intra-
abdominal segment of distal esophagus, and crea-
tion of a ‘‘competent’’ antireflux valve. Our tech-
nique includes all of these considerations. We have
employed a combination of Hill’s, Jobe’s, and
Kahrilas’s classifications of the cardia characteristics
after our antireflux surgery procedure, taking into
account the cardia diameter and valve configuration
in order to correlate them with late failures.
Fundoplication attempts to restore the physiology
of LES by wrapping the distal 3 cm of the esophagus
with gastric fundus, submerging the abdominal
esophagus within the wrap, and producing an acute
His angle, which is clearly observed endoscopically.
If we compare these criteria and the valve config-
uration after Nissen fundoplication described by
Jobe, the endoscopic images observed after our
procedure are quite similar, confirming that our
technique is a combination of calibration of the
cardia plus a fundoplication.

If a very careful technique is performed with
construction of an effective antireflux procedure,
excellent results after surgery have been observed.
There are many reports that confirm the safety of

Table 2 Postoperative radiologic and endoscopic evaluation of anatomic characteristics of cardia and defective antireflux barrier correlated to
postoperative manometry, endoscopic esophagitis, and postoperative reflux symptoms

Defective fundoplication Abnormal acid reflux (n) Hypotensive LESP (n) Endoscopic esophagitis (n) Reflux symptoms (n)

Radiology (n 5 22) 20 (90.9%) 11 (50%) 11 (50%) 9 (40.1%)*
Endoscopy (n 5 23) 20 (86.9%) 15 (62.5%) 11 (47.8%) 11 (47.8%)**

Normal fundoplication

Radiology (n 5 98) 10 (11.3%) 6 (6.1%) 6 (6.1%) 6 (6.1%)*
Endoscopy (n 5 97) 10 (10.3%) 2 (2.1%) 5 (5.1%) 5 (5.1%)**

*P , 0.001.

**P , 0.001.
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laparoscopic antireflux surgery for patients undergo-
ing primary repair in hands of experienced sur-
geons.16–22 However, there are several citations in the
literature reporting failure rates of laparoscopic
fundoplication from 2% to 17%.22–28 These lower
published rates probably reflect shorter follow-up
rather than an intrinsically better operation. Besides,
the majority of these reports do not include objective
evaluation of the success or failure of antireflux
surgery, such as endoscopic appearance, manometric
measurements, or 24-hour pH studies. After laparo-
scopic fundoplication, anatomic alterations of the EGJ
are observed in 2% in non–Barrett’s esophagus
patients versus 16% in patients with Barrett’s esoph-
agus.19–28 Martı́nez de Haro et al,29 in 51 patients with
reflux esophagitis followed for more than 6 years,
obtained good results in 89% of patients, but
endoscopic recurrence was higher (14%) and patho-
logic acid reflux confirmed by 24-hour pH monitoring
was 20% after surgery. In Barrett’s esophagus patients,
the results are even worse.30

Symptoms and antireflux medication after sur-
gery are poor indicators of GERD after fundoplica-
tion, because a high proportion of these patients
who improve after proton pump inhibitors still have
pathologic levels of acid reflux assessed by 24-hour
pH monitoring.31–34

Bonatti et al have reported as high a proportion
as 43% to 62% taking acid suppression medica-
tions after fundoplication.32–36 Lord and others,36

described that 20 of 86 patients (23%) studied had a
positive pH study, 33% of patients with any grade of
esophagitis and 46% of these patients presented
abnormal fundoplication. Among patients in whom
fundoplication was not intact or was in an abnormal
position, 75% presented with positive postoperative
acid reflux. Therefore, our results agree with this
report. Asymptomatic patients with normal endos-
copy but abnormal acid exposure also have been
observed during the postoperative follow-up.36

The majority of authors agree that the main
reasons for failures are technical errors in the
performance of surgery such as asymmetric wrap,
early disruption, wrap migration, and slipped
fundoplication producing abnormal deformities,
clearly demonstrated by radiologic and endoscopic
assessment.37–42 The recurrence rate of erosive
esophagitis resulting from failure of antireflux
operation ranges from 3% to 16%, most of them
caused by a misperformed surgical procedure with a
high proportion of positive acid reflux tests after the
operation.23

Mickevicius et al43 suggests that a wrap length is
important in fundoplication in order to avoid
postsurgical failures. These findings in some way
agree with our results in that a good valve assessed
early after surgery could ensure successful late
results in agreement with Jobe’s study. The purpose
of our study was to correlate the radiologic en-
doscopic images obtained during the early assess-
ment and compared them with the late result after
surgery. The images obtained in the majority of our
patients are very similar to those published by Jobe.
However, in some patients, these typical images
were not obtained, and bad results were observed
during the follow-up. Horgan et al38 describes 25%
of misperformed fundoplication and almost 70% of
hiatal hernias in patients with failed antireflux
procedures, and other reports present even worst
results in patients with Barrett’s esophagus.44–50

In the present article, we have concluded that
abnormalities of the new antireflux valve may be
followed by persistence of reflux symptoms in a
small group of patients, which is in agreement with
the data reported by Ferguson.51
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