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Abstract
Review: Gastro-esophageal reflux disease is one of the most widely spread diseases allover

the world. The principle underlying its surgical management is the creation of a mechanical
antireflux barrier between the esophagus and the stomach through the creation of either a total
(360 degree), or partial anterior or posterior fundal wraps around the lower esophageal end.
The ability of surgery to mechanically control the reflux has been documented. The pathogenesis
of gastro-esophageal reflux disease is essentially a motility-related problem with varying
contributory elements. The role of different techniques in correcting the underlying motility
disorder has been little studied in the randomised literature.

Aim: The aim of this study was to compare the ability of the laparoscopic partial posterior
and the laparoscopic total fundoplication techniques in objectively controlling the reflux and
correcting the underlying esophageal motility disorder in gastro-esophageal reflux patients on
the mid-term.

Patients and methods: In the period between June 1998 and July 2007, 40 patients considered
for antireflux surgery in the department of surgery, Tanta University Hospital, were prospectively
recruited and randomised to undergo either laparoscopic total (Nissen) or laparoscopic partial
posterior (Toupet) fundoplication. In addition to the clinical follow-up, objective follow up
through esophageal manometry, 24-h pH monitoring and upper gastrointestinal endoscopy were
performed 24 months after operation and compared to the same data recorded preoperatively.

Results: Both the total and the partial posterior fundoplication techniques showed excellent
control of heartburn and regurgitation postoperatively. This correlated well with the postoperative
endoscopic findings, where both techniques were equally effective in correcting hiatus hernias
and healing reflux esophagitis. In the Nissen group, the lower esophageal resting pressure
significantly increased postoperatively from a median of 23, to 33 mmHg (p<0.01) and the nadir
pressure from a median of 0 to 9 mmHg (p<0.01). Similar significant improvements were
observed in the Toupet group as well (24 to 31mmHg, 2 to 8 mmHg respectively, p<0.01), no
significant difference was found in-between the studied groups (P>0.05).  Length of the abdominal
component was significantly increased postoperatively from a median of 3 to 4 cm and from a
median of 2 to 4 cm in the Nissen and Toupet groups respectively (p<0.01), with no significant
difference in-between the studied  groups (P>0.05).  No significant changes were found in the
esophageal body contraction amplitude on comparing the pre and postoperative values in both
groups (p>0.05).  The median total acid exposure time in the Nissen and Toupet groups was
significantly reduced from a preoperative 13% to 1% and from 17 % to 0% respectively, with
similar reduction in the number of pH proven reflux episodes from a median of 24 to 2 and from
30 to 2 respectively (p<0.01). The small number of cases with Barrett’s metaplasia in our study
made it difficult to draw hard conclusions on the difference between the two surgical techniques
in this particular type of patients.

Conclusion: The partial posterior and total fundoplication techniques are equally effective
in restoring the lower esophageal pressure profile and in objectively controlling the reflux on
the mid-term. No changes in the esophageal body contraction amplitude could be found with
either technique. No objective advantages could be demonstrated for either technique to support
a tailored approach.
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Acid exposure and esophageal motility following laparoscopic
fundoplication: A comparative randomized study.



Review of literature:
Gastro-esophageal reflux disease (GERD)

is one of the most widely spread diseases
allover the world, with substantial geographic
and racial variation in its prevalence.1 The
complexity of the natural antireflux
armamentarium has led investigators to focus
on several potential mechanisms of the disease.
Currently, three dominant theories of
pathogenesis attribute esophago-gastric junction
incompetence to: the transient lower esophageal
sphincter relaxations, the hypotensive LES and
or anatomical disruption of the esophago-
gastric junction (EGJ) including, but not limited
to, hiatus hernias.2

In addition to the above theories, it is known
that GERD patients have greater number and
greater duration of reflux episodes, and this
was taken to reflect a problem with the
clearance ability of the esophagus.3 Two
distinct patterns of acid clearance ability have
been described. In patients with prolonged acid
reflux times and normal motility, there are
repeated superimposed acid reflux episodes
giving the appearance of poor acid clearance.
While in patients with poor motility, delayed
clearance is caused by genuine poor esophageal
body clearance.4 It was found that twenty five
percent of patients with mild esophagitis had
peristaltic dysfunction and this rate increased
to 48% in patients with severe esophagitis.5 In
patients with strictures secondary to GERD,
aperistalsis and non-specific motor
abnormalities may occur in up to 64% of
patients compared to 32% of subjects with
GERD with no stricture.6

Generally speaking, the indications for
laparoscopic antireflux surgery are the same
as in the open era. The principle underlying
the surgical management of GERD is the
creation of a mechanical antireflux barrier
between the esophagus and the stomach.7 This
is primarily achieved through the creation of
either  total (360 degree) or partial anterior or
posterior fundal wraps around the lower
esophageal end. The ability of the different

techniques to mechanically control the reflux
has been separately documented. Although it
is clear from the above theories that the
pathogenesis of GERD is essentially a motility-
related problem with varying contributory
elements, the role of the different techniques
in correcting the underlying motility disorder
has been little studied in the randomised trials.

Aim:
The aim of this study was to compare the

ability of the laparoscopic partial posterior and
the laparoscopic total fundoplication techniques
in objectively controlling the reflux and
correcting the underlying esophageal motility
disorders in GERD patients on the mid-term.

Patients and methods:
In the period between June 1998 and July

2007, 40 patients with GERD, of those
considered for laparoscopic antireflux surgery
in the department of surgery, Tanta University
Hospital, were prospectively recruited to the
study and randomised to undergo either a total
(Nissen) or a posterior partial (Toupet)
fundoplication using the laparoscopic
technique. Twenty patients were recruited in
each group. Criteria for exclusion from the
study included; previous esophageal or gastric
surgery, presence of severe esophageal motility
disorder (achalasia), revisional antireflux
surgery, patients requiring a concurrent
abdominal procedure at the same time (e.g.
cholecystectomy), as well as patients with
gastric volvulous.

The preoperative work up included history
taking through a structured questionnaire,
medical examination and investigations
focusing on assessing the general fitness for
anaesthesia as well as assessment of the
possible etiology, extent and complications of
GERD. Upper endoscopy (OGD), 24-hour pH
monitoring and esophageal motility studies
were performed in all patients. Parameters
recorded and compared during pH-monitoring
and motility studies are shown in Table(1,2).
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Table (1): Compared parameters during pH-monitoring.

1. Total % time of pH <4 (normal upper limit 6%).

2. Erect % time of pH <4 (normal upper limit 4%).

3. Supine % time of pH<4 (normal upper limit 2%).

4. Total number of reflux episodes (normal upper limit 50), including erect and supine numbers.

5. Symptom index (normal upper limit 50%).

6. Longest reflux episode (erect/supine) (normal upper limit  10 min).

7. Number of reflux episodes >5 minutes (normal upper limit <3).

Table (2): Compared parameters during esophageal motility studies.

A- LES pressures:
- Abdominal component; resting pressure and length.
- Respiratory inversion point; position and pressure.
- Thoracic component; resting pressure and length.
- Actual residual pressure above gastric baseline (nadir LES pressure).

B- Esophageal body:
- Contractions amplitude.

Clinical follow-up:
Patients were interviewed to follow on their

old or new-onset symptoms at 6, 12 and 24
months after operation. The same preoperative
structured questionnaire was used with stress
on the heartburn, regurgitation and
postoperative dysphagia. This was used to
compare the different techniques and relate to
the motility findings.

Objective follow-up:
Objective investigations through esophageal

manometry, 24-h pH monitoring and upper
gastrointestinal endoscopy were performed 24
months after operation. Similar parameters as
in the preoperative assessments were recorded.
Comparison with the preoperative data in the
same group as well as in-between the studied
groups were undertaken. Patients with Barrett’s
metaplasia continued under their initial
surveillance programs. Only their 24 months
data were included in this analysis.

Results:
In the Nissen group, age ranged form 38-

57 with a median age of 46 years. Sixty percent
were males. In the Toupet group, the median
age was 43 with a range of 32-55 years. Males
constituted 70% of this group. Generally, no
significant differences in the demographics or
operative risks were present in-between the
studied groups {sex (p=0.51), age (p=0.24),
BMI (p=0.97) diabetes mellitus (p=0.64),
hypertension (p=0.68), incidence of chest and
heart problems (p=0.99) and history of pervious
operations (p=0.43)}.

Symptomatic follow up
As shown in Table(3), Significant

improvements in heartburn and regurgitation
were noted in both groups, with no difference
in-between groups during the whole period of
follow-up.  Table(4) shows the incidence of
postoperative dysphagia to solids in both
groups.
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Table (3): Heartburn and regurgitation pre and post-operatively.

Table (4): Postoperative dysphagia in both groups.

Objective follow-up:
Table(5) sums up the pre and postoperative

endoscopic findings in both groups. Two years
postoperatively, only one patient (5%) in the
Nissen group had a small residual hernia, 2cm
in size above an apparently intact wrap. Also,
two patients (10%) had residual grade A
esophagitis.  Of these three patients, only one
(with esophagitis) complained of mild
heartburn, while the others were asymptomatic.
In the other group, no evidence of hiatus hernia
recurrence was detected. Only one (5%) had
residual grade A esophagitis. Clinically, he
was asymptomatic. Generally, reflux
esophagitis was significantly healed in both
groups postoperatively  (p=0,02 and 0.03 in
the Nissen and Toupet groups respectively).
However, no statistical difference was found

in the incidence of hiatus hernias or reflux
esophagitis between groups at two years of
follow up (p=0.53 and 0.55 respectively).

The single patient with preoperative stricture
compla ined  f rom ear ly  dysphagia
postoperatively and received pneumatic
dilatation. However, no sign of stricture
recurrence was detected postoperatively,
despite having mild reflux symptoms.

Although one short segment Barrett’s
dysplasia showed regression postoperatively
from 3 to 1 cm in the Nissen group, The small
number of cases with Barrett’s metaplasia
made it difficult to compare the outcomes of
the different surgical techniques in this
particular type of patients, despite excellent
control of reflux in all of them by the end of
the study.

*= not significant         **= significant

Nissen
(postoperative month)

Toupet
(postoperative month)

Pre 6 12 24 Pre 6 12 24
Heartburn

No.
(%)

19
95

4**
20

4**
20

5**
25

19
95

3**
15

5**
25

6**
30

P between groups 0.99*, 0.99*, 0.99*, 0.99* respectively

Regurgitation
No.
(%)

16
80

1**
5

3**
15

5**
25

18
90

2**
10

2**
10

4**
20

P  between groups 0.66*, 0.99*, 0.99*, 0.72* respectively

Dysphagia
(to solids)

*= not significant    **= significant

Toupet
(postoperative month)

Nissen
(postoperative month)

6 12 24 6 12 24

No.
(%)

3
15

1
5

1
5

2
10

1
5

0
0

P between groups 0.14*, 0.7** and 0.99* at  6, 12 and 24 respectively
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Postoperatively, as shown in Table(6),
significant improvements in all pH-monitoring
parameters were detected in both groups. In
the Nissen group, the % total time of pH <4
was significantly reduced from a preoperative
median of 13% (2-42) to 1% (0-8)
postoperatively (p<0.01), with a significant
reduction in the number of episodes with pH
< 4 from a median of 24 (2-7) to 2 (0-11)
postoperatively (p<0.01). Similarly, in the
Toupet group, the median % total time of pH
<4 was significantly reduced from 17 % (4-
48) to 0 % (0-13) (p<0.01) with a significant
reduction in the median number of episodes
with pH <4 from 30 (4-101) to 2 (0-10)

postoperatively (p<0.01).  The % erect and
supine times were significantly reduced in both
groups as well  (p<0.01). No statistical
difference was noted on comparing the
ambulatory pH findings in-between groups
postoperatively (p>0.05). After 2 years of
follow-up, 80% of patients with residual
postoperative heartburn had normal pH profile.
Also, one of the two patients in the Nissen
group, in whom abnormal % total exposure
time was detected postoperatively, was totally
asymptomatic. The only patient in the Toupet
group with abnormal postoperative % total
exposure time complained from mild heartburn.

Table (5): Endoscopic findings pre and 24 months postoperatively.

+ P between groups = 0.34* and 0.53* respectively
++ P between groups = 0.33* and 0.55* respectively
§ P in the group= 0.02 and 0.03 respectively
*= not significant **= significant, M=month, No.=number

Nissen Toupet

Pre 24 M Pre 24 M

Hiatus
hernia+
No.(%)

12
(60%)

1
 (5%)

9
(45%) 0

Size of hiatus
hernia (cm)
Median (range)

3
(2-5)

2
(2)

3
(2-4)

0

Esophagitis++
No.(%) §

9
(45%)

2
(10%)

7
(35%)

1
(5%)

Barrett’s
No.(%)

3
(15%)

3
(15%)

1
(5%)

1
(5%)

Length (cm)
Median (range)

3
(2-4)

2
(1-4)

2
(2)

2
(2)

Dysplasia
No.

0 0 0 0

Stricture
No.(%)

1
(5%)

0 0 0
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Table (6): Ambulatory pH measurements pre and 24 months postoperatively.

m= month
*= not significant
No.=number
All parameters significantly improved inside groups
at 24 months of follow-up P<0.01

Nissen Toupet

Pre 24 m Pre 24 m

%Total time pH<4
Median (range)

13
(2-42)

1
(0-8)

17
(4-48)

0
(0-13)

P between groups 0.15* and 0.24* respectively
% Erect time pH<4
Median (range)

7
(1-30)

1
(0-7)

11
(3-38)

0
(0-7)

P between groups 0.13* and 0.17* respectively

%Supine time pH<4
Median (range)

6
(0-24)

0
(0-6)

5
(1-22)

0
(0-6)

P between groups 0.57* and 0.76* respectively

No. of episodes pH<4
Median (range)

24
(2-7)

2
(0-11)

30
(4-101)

2
(0-10)

P between groups 0.76* and 0.9* respectively

Symptom Index
Median (range)

81
(50-100)

0
(0-10)

82
(47-100)

0
(0-35)

P between groups 0.88* and 0.97* respectively

On re-examining the manometric parameters
two years postoperatively, a significant
improvement in the resting and nadir LES
pressures as well as the abdominal component
length was observed in both groups. In the
Nissen group, the resting LES pressure
significantly increased from a preoperative
median of 23 (11-65) mmHg, to 33 (16-70)
mmHg (p<0.01). The nadir LES pressure was
also significantly elevated from a median of 0
(0-13)  mmHg to  9  (2-16)  mmHg
postoperatively (p<0.01). The length of the
abdominal component (length of LES below
the respiratory inversion point) significantly
increased from a median of 3 (1-5) to 4 (3-6)
cm postoperatively (p<0.01). Similar significant
improvements in resting and nadir LES

pressures as well as in the length of the
abdominal component were observed in the
Toupet group as well [24 (12-60) to 31(17-62)
mmHg, 2 (0-16) to 8 (4-16) mmHg and 2 (2-
4) to 4 (3-6) cm respectively, p<0.01 for all].

No significant changes were found in the
esophageal body contraction amplitude on
comparing the pre and postoperative
measurements in both groups (p>0.05).

Neither the three patients in the Nissen
group, nor the two patients in the Toupet group
with abnormal nadir pressures postoperatively
showed any residual heartburn.

No statistical difference was noted on
comparing the manometric findings in-between
groups postoperatively (p>0.05). The previous
data are shown in Table(7).
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Table (7): Manometric measurements pre and  24 months postoperatively.

m= month
*= not significant
All parameters significantly improved inside groups at 24 months
of ollow up P<0.01 Except contraction amplitude p=0.21 and 0.96
in Nissen and Toupet groups respectively.

Nissen Toupet

Pre 24 m Pre 24 m
Resting LES
pressure(mmHg)
Median (range)

23
(11-65)

33
(16-70)

24
(12-60)

31
(17-62)

P between groups 0.0.86* and 0.65* respectively
Nadir LES
pressure (mmHg)
Median (range)

0
(0-14)

9
(2-16)

2
0-16)

8
(4-16)

P between groups 0.93* and 0.86* respectively

Abdominal LES
length (cm)
Median (range)

3
(1-5)

4
(3-6)

2
(2-4)

4
(3-6)

P between groups 0.58* and 0.76* respectively

Body contraction
amplitude (mmHg)
Median (range)

62
(26-108)

59
(26-106)

66
(26-110)

65
(30-100)

P between groups 0.99* and 0.86* respectively

Discussion:
Since Dallemagne et al first described the

technique  of  l aparoscopic  Nissen
fundoplication in 1991, extensive experience
with laparoscopic antireflux surgery has been
reported.8-11 The success of this technique was
reflected in the increased number of patients
undergoing laparoscopic antireflux surgery
compared to the open counterparts. The Center
for Disease Control and Prevention in the
United States estimated that 12,000
fundoplication were performed by the open
route in 1987 compared with 48,000
laparoscopic procedures in 1998.2 This success
has been linked to an excellent control of the
reflux symptoms11 and as has been shown in
this study, using either the total and partial
posterior fundoplication resulted in excellent
control of heartburn and regurgitation
postoperatively. This correlated well with the
postoperative endoscopic findings, where both
techniques have been shown to be equally
effective in control of hiatus hernias and healing

of reflux esophagitis (no statistical difference
between groups, p=0.53 and 0.55 respectively).
Looking separately at both techniques, the
reflux esophagitis was significantly healed in
both groups at 24 months of follow-up  (78.78%
and 85.72%, p=0,02 and 0.03 in the Nissen
and Toupet groups respectively).  This efficacy
is reproducible in the literature, whereas 90%
healing rates have been reported with both the
laparoscopic Nissen,12,13 and Toupet
fundoplication.14

DeMeester has proposed precautions to
achieve success in antireflux surgery, regardless
of the technique used. One such precaution is
to restore the basal resting LES pressure to at
least twice that of the resting gastric pressure.15

Hinder et al demonstrated a significant increase
in the mean resting LES pressure following
laparoscopic Nissen fundoplication in their
series of 51 patients.16 Also, McAnena and
colleagues, in a similar study confirmed this
increase in 12 out of 15 patients.17  In another
study, Pursnani KG et al showed a significant
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increase in the residual LES pressure after
laparoscopic Nissen fundoplication.18 Judged
by DeMeester criteria, we found both
techniques to be equally effective in restoring
the LES pressure on the mid -term follow up.
In the Nissen group, the resting LES pressure
significantly increased from a median of 23,
to 33 mmHg (p<0.01) and the nadir LES
pressure from a median of 0 to 9 mmHg
postoperatively (p<0.01). Similar significant
improvements were observed in the Toupet
group as well (24 to 31mmHg, 2 to 8 mmHg
respectively, p<0,01), with no significant
differences between the two groups, P>0.05.
 DeMeester second precaution was to augment
the overall length of the sphincter to at least 3
cm. Skinner has also emphasized on the
importance of the intra-abdominal length of
the high-pressure zone.19 Judged again by these
criteria, both techniques were found equally
effective, as the length of the abdominal
component was significantly increased from
a median of 3 to 4 cm and from a median of
2 to 4 cm postoperatively in the Nissen and
Toupet groups respectively (p<0.01), with no
significant differences between the two groups,
P>0.05.

The effect of fundoplication on esophageal
body function has always been a matter of
controversy. In the open era, DeMeester el al
suggested that the motility abnormalities seen
in patients with GERD improve after surgical
correction20. Conversely, Johnson and
colleagues found no significant improvement
in the distal esophageal contraction amplitude
after fundoplication.21 In the laparoscopic era,
Pursanani KG et al found no significant
improvement in the motor function, three
months after laparoscopic fundoplication . Our
data could not support either technique in this
context, as no significant changes were found
in the esophageal body contraction amplitude
on comparing the pre and postoperative values
in both groups (p=0.21 and 0.96 in the Nissen
and Toupet groups respectively).  The claimed
advantage of the posterior partial fundoplication
technique in patients with weak oesophageal
body contraction amplitude was not observed
in our study. Also, only one, out of seven
patients in the Nissen group with preoperative
body contraction amplitude below 40mmHg,

showed a degree of mild postoperative
dysphagia versus none of the six similar cases
in the Toupet group. Also, no correlation could
be elicited between the preoperative weak body
contraction amplitudes and the development
of dysphagia at 24 months postoperatively in
either group (p=0.54). Based on the above, our
data does not support the notion that partial
fundoplication is a better option for GERD
patients with week oesophageal body peristalsis
or that Nissen fundoplication produces an over
tight sphincter. And therefore, does not support
the concept of a tailored approach, as proposed
by Alexiou and colleagues and supported by
others.13-22

One of the important findings in this study
is the clear ability of both techniques to achieve
objective reflux control on the mid-term follow-
up. The median total acid exposure time in the
Nissen and Toupet groups was significantly
reduced from 13% to 1% and from 17 % to
0% respectively (p<0.01). There was also a
significant reduction in the median number of
pH proven reflux episodes from 24 to 2 and
from 30 to 2 in the Nissen and Toupet groups
respectively (p<0.01). Both techniques were
equally effective with no statistical differences
(p>0.05). Generally, we found no proof that
the partial posterior is less effective than the
total fundoplication in the objective control of
reflux. We also found no correlation between
the postoperative recurrence of reflux
symptoms and the presence of abnormal acid
exposure time.  These findings are reproducible
in the literature, where no objective evidence
of recurrent reflux in patients who showed
recurrent symptoms or consumed proton pump
inhibitors (PPI) postoperatively could be found.
It needs to be stressed that the implications of
taking these medications in relation to the
success of antireflux surgery remains dubious
and an explanation might rest in the altered
esophageal sensitivity postoperatively.
However, this has yet to be proven.

Long-term studies suggest that surgical
management of Barrett’s esophagus may be
preferable to long term acid-suppression
therapy . Antireflux surgery aims at correcting
the underlying defects often present in patients
with Barrett’s esophagus including; a deficient
lower esophageal sphincter, hiatus hernia,



Ain-Shams J Surg 2011; 4(1):85-94 93

abnormal duodeno-gastric reflux and impaired
gastric emptying . Thus, successful antireflux
surgery should permit objective rather than
subjective reflux control, as symptomatic
control per se does not mean necessarily the
elimination of reflux, reflux injury and Barrett’s
progression.23  Against the isolated reports of
poor reflux control in such patients following
laparoscopic antireflux surgery,27 all Barrett’s
patients in our study enjoyed an excellent
objective control of reflux two years after
surgery. Also, the incidence of Barrett’s
metaplasia did not change postoperatively in
both groups. On the contrary, regression from
3 to one cm was observed in one patient.
Although an important finding, it is not yet as
groundbreaking as in O’Riordan et al study,
where 14 patients (out of 58 Barrett’s patients)
had complete regression of Barrett’s epithelium,
with an additional 21% partial regression
following laparoscopic antireflux surgery .
However, the small number of cases with
Barrett’s metaplasia in our study made it
difficult to draw hard conclusions on the
different effect of the two surgical techniques
in this particular type of patients.

Conclusion:
The partial posterior and the total

fundoplication techniques are equally effective
in restoring the LES pressure profile and in
objectively controlling the reflux on the mid-
term follow-up. No change in the esophageal
body contraction amplitude could be found
with either technique. No objective advantages
could be demonstrated for either technique to
support a tailored approach. Our data also
confirmed the ability of the laparoscopic
antireflux surgery to achieve excellent reflux
control and even regression in Barrett’s
metaplasia patients; however, further studies
are needed in this respect.
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