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Does oesophageal motor function improve with
time after successful antireflux surgery? Results of
a prospective, randomised clinical study

L Rydberg, M Ruth, L Lundell

Abstract
Main objective-There is a continuing
debate whether motor abnormalities asso-
ciated with gastro-oesophageal reflux
disease (GORD) are primary phenomena
or occur as a consequence of repeated
injury caused by inflammation. To get new
insights into mechanisms involved,
patients were studied before and three
years after effective and durable reflux
control induced by two types of
fundoplications.
Patients and methods-Thirty three
consecutive patients with chronic GORD
entered the trial. AU1 patients had a clinical
history of GORD assessed symptomati-
cally, endoscopically, and by use of 24
hour pH-metry. Eighteen were random-
ised to a 1800 semifundoplication (Toupet)
and 15 to a total fundic wrap (Nissen-
Rossetti). Manometry was done pre-
operatively, six months, and three years
after the operation assessing motor
function in defined areas of the tubular
oesophagus and lower oesophageal
sphincter.
Results-All patients had a proper control
of GORD both when objectively and
clinically assessed. Postoperatively, the
resting tone of the lower oesophageal
sphincter was significantly higher in the
Nissen-Rossetti group (p<0.05), and the
intra-abdominal portion of the lower
oesophageal sphincter was of identical
length in the two groups. A significant
increase in peristaltic amplitude in the
middle and distal third of the oesophagus
was recorded at long term follow up
compared with the preoperative findings
(p<0.05), but there was no corresponding
effect on propagation speed and duration
of contraction. However, an increase in
peristaltic amplitude and, as a tentative
consequence, a significant decrease
(p<0.05) in the frequency of primary
peristalsis was found only in patients
operated on with a total fundic wrap.
Conclusion-Despite adequate and
durable reflux control after fundoplication
in patients with chronic GORD, no change
was found in oesophageal motor function
with time. The higher contraction ampli-
tude and decreased frequency of failed
primary peristalsis seen in patients having
a total fundic wrap were thus most likely
due to a mechanical outflow obstruction in
the gastro-oesophageal junction. These
results could therefore be interpreted in

favour of the hypothesis that GORD is
pathogenetically linked to a primary
defect in oesophageal motor function.
(Gut 1997; 41: 82-86)
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Several studies have shown an association
between reflux oesophagitis and low resting
tone or dysfunction of the lower oesophageal
sphincter (occurring either alone or in con-
junction with impaired oesophageal peri-
stalsis) . Oesophageal transit may thus be
retarded in this condition causing a deficient
clearance of installed acid into the oeso-
phagus.2A Whether these motor abnormalities
are primary phenomena or occur as a conse-
quence of repeated injury caused by acid reflux
induced inflammation is an area of contro-
versy.5-10 Very few studies have approached this
problem within the framework of a prospective,
controlled clinical trial, particularly with a long
term follow up. Surgical series have presented
data to suggest that motor function improves
after fundoplications, in terms of increased
peristaltic amplitude and also a decreased
percentage of failed primary peristalsis.7-'0 This
implies that fundoplication procedures should
be performed before the mean contraction
amplitude has fallen below 35 mm Hg - that
is, before irreversible damage to oesophageal
muscle function has occurred. The design of
similar studies does, however, not exclude a
more simple explanation of the results -
namely, purely compensatory mechanisms due
to mechanical outflow obstruction in the fund-
oplication area. These issues were evaluated in
a prospective, controlled, randomised clinical
trial comparing the long term oesophageal
motor effects of two different types of
fundoplication procedures (3600 total fundic
wrap or 1800 partial fundoplication). Both
procedures have a documented efficacy in
controlling reflux disease" but they exert
different mechanical consequences on the
gastro-oesophageal junction.

Patients and methods
Thirty three consecutive patients with chronic
gastro-oesophageal reflux disease (GORD),
established by symptom evaluation, endos-
copy, and 24 hour pH-metry (table 1) entered
the trial. Four patients had Barrett's oeso-
phagus (columnar lined oesophageal mucosa
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TABLE 1 Patient characteristics, symptoms, and endoscopic findings before and after
antireflux surgery

Nissen-Rossetti Toupet

Before After Before After

Patients (n) 15 15 18 18
Mean age (y) (SD) 52-5 (8 7) 53-1 (14-0)
Sex ratio (M/F) 9/6 13/5
Mean interval to manometry (months) 43-8 38-6
Symptoms (%):

Severe heartburn 100 0 89 0
Severe acid regurgitation 27 0 11 0
Dysphagia 7 0 2 0

Endoscopy (%):
Grade 0 0 100 0 100
Grade 1 13 0 6 0
Grade 2 67 0 83 0
Grade 3 13 0 11 0
Grade4 7 0 0 0

extending more than 3 cm above the gastro-
oesophageal junction), when assessed pre-

operatively. Eighteen patients were random-
ised (by use of sealed envelopes) to a Toupet
partial fundoplication and 15 had a total fundic
wrap according to a modified Nissen-Rossetti
technique with complete mobilisation of the
fundus."1 The two study groups were well
matched with respect to disease specificity and
other relevant clinical indices (table 1). All
operations were done through an abdominal
route and the detail of the partial and total
fundic wrap techniques have been described
elsewhere. "

CLINICAL ASSESSMENT

Each patient was interviewed regarding gastro-
oesophageal reflux symptoms and symptoms
specifically related to the fundoplication pro-

cedure by an independent observer at three,
six, and 12 months and then yearly after the
operations. If not otherwise stated, each symp-
tom was scored from 0 to 3 (O=no symptoms,
1 =mild symptoms, 2=moderate symptoms,
3=severe symptoms). Mild symptoms were

defined as those which were easily controlled
by dietary measures, occasional intake of
antacids, etc. By severe symptoms we meant
reflux or postfundoplication symptoms causing
considerable discomfort to the patient and
requiring continuous medical therapy or other
therapeutic interventions.

ENDOSCOPY

Endoscopic investigation of the oesophagus
and the upper gastrointestinal tract was carried
out three and 12 months and three years after
the operations by use of Olympus video or GIF
XQ endoscopes.

MANOMETRY AND pH-METRY
Manometry was performed before and at six
months and three years after the operations.
The pressure characteristics of the gastro-
oesophageal junction were measured after an

overnight fast by water perfused triple lumen
pressure catheter with three side holes being
positioned 1200 apart. The catheter was

connected to a transducer assembly placed at
the oesophageal level of the supine subject.

Each channel was perfused at a constant rate
of 0 5 ml water per minute via a pneumo-
hydraulic low compliance perfusion pump
(Arndorfer Medical Specialities, Green Dale,
Wisconsin, USA). A station pull through tech-
nique was used and the probe was withdrawn
stepwise in 0 5 cm increments and kept at each
level for at least 30 seconds or until the
recordings became stable. The high pressure
zone was defined as the mean of the highest
pressure plateau recorded by each of the three
ports minus the mean pressure in the gastric
fundus measured at end expiratory state. The
length of the intra-abdominal part of the high
pressure zone was calculated from the pressure
profile as the distance from the point of the first
stable pressure rise above the fundus pressure
to the first point of negative pressure to occur
on inspiration. Standard oesophageal mano-
metry was performed by a single catheter
assembly of five polyethylene tubes bound
together with five lateral openings placed at 5
cm intervals from the distal end of the catheter.
This catheter was also perfused with water (see
above) at a constant rate. The function of the
oesophageal body was assessed by placing the
proximal side hole one cm below the upper
oesophageal sphincter and the remaining side
holes at 5 cm intervals covering the length of
the oesophageal body. This physiological
orientation of the measuring device was man-
dated by the altered pressure characteristics of
the gastro-oesophageal junction in the post-
operative situation. Ten swallows with 5 ml
water at room temperature were made with at
least 15 second intervals. The mean con-
traction amplitude was calculated for the 10
swallows in the distal two segments of the
oesophageal body. The peak pressure was
measured in relation to the end expiratory
intraluminal pressure of the oesophageal body.
The time delay between consecutive peaks of
the oesophageal contractions was used to
calculate the speed of the peristaltic wave. For
each contraction, the duration was defined as
the length of time in seconds between the
intercept points of the steep upstroke and
downstroke of the contraction and estimated in
relation to the baseline intraluminal pressure.
Simultaneous contractions were defined as
having a propagation speed of >20 cm/s. The
frequency of failed primary peristalsis was
determined and was characterised as having an
amplitude <10 mm Hg, as determined at any
side hole when the propagated wave induced
by water swallow was followed through the
oesophagus. All pressure recordings were
traced on line on a computerised system
(Synectics, Polygram, Stockholm, Sweden,
Version 6 40). During the postoperative follow
up period, 26 patients operated on either with
a total fundic wrap or a Toupet fundoplication
were also submitted to a manometric investi-
gation using a sleeve sensor.'2 This manometric
tube had side holes again located 5 cm apart
to enable determination of oesophageal body
motility responses and a sleeve sensor which
was positioned to straddle the gastro-oeso-
phageal junction. Each portion of the catheter
assembly was connected to a pressure trans-
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ducer and constantly perfused with water.
Ramp pressure,'3 in this context identical to
the intrabolus pressure, was assessed in the
distal third of the oesophagus just proximal to
the sleeve sensor. It was defined as the plateau
pressure (>2 mm Hg) above the intraluminal
baseline pressure, which was established
immediately before the steep up stroke of the
peristaltic contraction. The ramp pressure was
calculated as the mean pressure level above
intraluminal pressure occurring during 10
consecutive water swallows (see above).
Twenty four hour pH-metry was carried out
preoperatively and during the postoperative
follow up at three months and after three years,
as previously described." The patients were
ambulatory throughout all recordings and were
instructed to follow their usual pattern of
living. The pH data and the information given
in the diary cards were evaluated manually as
well as by computer.

STATISTICS AND ETHICS
Statistical analyses were carried out with
Wilcoxon's signed rank test, Student's t test,
and analysis ofvariance (ANOVA) for repeated
measures. All data are presented as means
(SD). The study protocol had been approved
by the local ethics committee and informed
consent to participate in the study was
obtained from each patient.

Results
Table 1 summarises the relevant preoperative
and postoperative clinical data. Adequate
reflux control was obtained in all patients, with
a profound reduction in acid reflux variables in
both fundoplication groups at three months as
well as at three years after the operations
(p<0-0001). No significant differences in 24
hour pH-metry variables were found when the
two fundoplication procedures were compared
(fig 1). Preoperative lower oesophageal
sphincter characteristics were similar in the two
study groups and when assessed post-
operatively. Lower oesophageal sphincter tone
and intra-abdominal length increased signifi-
cantly (p<005) but at six months post-
operatively the resting tone of the lower oeso-
phageal sphincter was significantly (p<005)
higher in those operated on with a Nissen-

TABLE 2 Manometric data for the entire study population before and threeyears after
antireflux surgery

Nissen-Rossetti Toupet

Before After Before After

Amplitude (mm Hg):
Middle 39-8 (18-4) 56-1 (17-2)* 46-9 (17-1) 61-1 (26-6)
Distal 37-5 (19-8) 62-3 (23 3)* 50-7 (23-4) 55-6 (25-7)

Duration (s):
Middle 3-5 (0 6) 4-0 (0-5) 3-4 (0-5) 3-6 (0 4)
Distal 3-7 (0-7) 4-4 (1 0) 3-6 (0-8) 3-8 (0 8)

Propagation speed (cm/s):
Middle 3-7 (1-4) 3-1 (0 9) 3-5 (1-8) 4-0 (2 4)
Distal 4-3 (1-8) 3-5 (1-5) 4-9 (3 8) 3-6 (2-5)

Failed primary peristalsis (/) 14-5 (19 0) 4-8 (10-1) 5-3 (10-3) 6-9 (10-3)
Simultaneous contractions (%) 11-5 (5-7) 13-3 (30 2) 12-5 (26-1) 12-7 (28-8)

*p<0.05.
Values are means (SD).

N ..

Figure 1: Acid reflux (percentage timepH <4) in patients
with GORD before and afterfundoplication procedures.
Values are mean (SD). *p<005.

Rossetti total fundic wrap than in the Toupet
group (fig 2). The intra-abdominal length of
the lower oesophageal sphincter was, however,
almost identical in the two groups (24 (4-8)
mm and 23 (4.9) mm in the Nissen-Rossetti
and Toupet groups respectively). Table 2
summarises all relevant manometric data
recorded preoperatively and postoperatively in
the oesophagus. A somewhat, although not
significant, lower mean peristaltic pressure
amplitude was found preoperatively in those
patients who subsequently were allocated to
Nissen-Rossetti total fundoplication. Similarly,
a non-significant but somewhat higher
frequency of failed primary peristalsis was
recorded in this group. In total 12 patients had
a peristaltic amplitude preoperatively which
was less than 35 mm in the distal oesophagus.
When reassessed three years after respective
antireflux procedures, the peristaltic amplitude
in the middle third of the oesophagus was
significantly increased to 58-8 (22.6) mm Hg
(p<005; fig 3). A significant increase (p<005)
in the peristaltic amplitude was also recorded
in the distal third of the oesophaus, but no

Figure 2: Lower oesophageal sphincter (LOS) pressure
measured by station pull through techniques in patients
before and six months after a totalfundic wrap or a
semifundoplication. Values are mean (SD). *p<005.
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Figure 3: Peristaltic amplitude in the middle and distal
oesophagus in patients with GORD before and three years
afterfundoplication procedures. Values are mean (SD).
*p<OO5.

differences were noted either in peristaltic
propagation speed nor in the duration of
contraction (table 2). When the two fund-
oplication groups were separately analysed, an

increase in amplitude was recorded only in
patients operated on with a Nissen-Rossetti
fundoplication, whereas relatively unchanged
values were recorded in those having a Toupet
partial fundoplication (table 2). A significant
decrease in the frequency of failed primary
peristalsis (p<005) was recorded for the entire
study group, but again this difference was

strictly confined to the patients allocated to a

total fundic wrap (table 2). Manometric data
from investigations using the sleeve sensor

were obtained in 11 patients in the Nissen-
Rossetti group and 15 in the Toupet group

(mean age 51-4 (8 6) and 53-7 (14-1) years

respectively). Similar tracings were also
obtained at least three years after the actual
operative procedures. A standardised mechan-
ical experimental condition was constructed
with the sleeve sensor straddling the gastro-
oesophageal junction allowing the deter-
mination of ramp pressure'3 as has previously
been done in the upper oesophageal sphincter.
The mean ramp pressure after water swallows
was 3-1 (3 8) mm Hg in the Toupet group
whereas a somewhat higher value of 3-8 (4-2)
mm Hg was established in those having a total
fundic wrap. This difference did, however, not
reach significance.

Discussion
What evidence supports the hypothesis that
impaired motor function in GORD occurs as

a consequence of reflux induced smooth
muscle damage? Experimental studies have
shown acid perfusion of the feline oesophagus
to produce an inflammatory process which
seems to be associated with a reduction in
lower oesophageal sphincter pressure.'415 This
reduction is reversible and disappears con-

comitant with the healing of the oesophageal
inflammation. In addition, in vitro studies have
shown the basal active forces of the circular

muscle of the lower oesophageal sphincter to
be reduced on acid challenge to the mucosa,
a reduction which seems to be dependent on
the degree of mucosal injury.'6 Inflammatory
reactions induced by oesophageal acid per-
fusion tend also to impair the transduction
pathway which mediates the contraction of the
lower oesophageal sphincter.'7 However, these
injuries have been reported to affect prefer-
entially the lower oesophageal sphincter and
not the musculature of the distal oesophagus,
an area being equally affected by the inflam-
matory reaction.'6 The reasons for this
selective injury to the lower oesophageal
sphincter are, as yet, unclear. Previous analysis
of motor impairment in GORD suggests that
the degree of motor dysfunction becomes
progressively more severe with advanced
grades of oesophagitis.'8 It is therefore possible
that prolonged acid exposure and more pro-
found, transmural and chronic inflammatory
processes are factors which induce specific
biochemical or biophysical changes in the
smooth muscle cells of the tubular oesophagus.
Extending and exploring these experimental
data to the in vivo situation in human subjects
rely on the use of oesophageal manometry,
particularly so when experiments have to be
repeated over a long time. Oesophageal mano-
metry is the gold standard technique for assess-
ing oesophageal motor function. However, a
normal oesophageal function occurs with a
wide range of values of peristaltic amplitude,
velocity, and duration. This implies that in a
specific patient, none of these variables, when
expressed as absolute values, will be a valid tool
to predict the individual function of the
oesophagus. It can, however, be concluded that
studies using manometry and carried out
during standardised laboratory circumstances
are valid, provided that each patient is used as
his or her own control before and after specific
therapeutic interventions. 9 Manometric
findings in patients before and after a total
fundic wrap have reported an increase in the
oesophageal peristaltic amplitude with time
after the operation with a corresponding
reduction in the percentage of contractions
having an amplitude <35 mm Hg.7 10 20 Some
of these recordings were gained essentially
irrespective of the magnitude of the lower
oesophageal sphincter tone, implying that the
oesophageal motor events did not occur as a
consequence of an outflow obstruction in the
gastro-oesophageal junction. As we recruited
only a few patients with a mean peristaltic
amplitude of less than 35 mm Hg into our
prospective, controlled, randomised clinical
trial we cannot specifically consider the
question of an eventual motor recovery in this
specified clinical setting. In this context it is,
however, relevant to re-emphasise the inherited
difficulties in interpreting data on lower oeso-
phageal sphincter tone when assessed by
station rapid pull through techniques. Appar-
ently this tone varies continuously, albeit to a
smaller degree, after fundoplication oper-
ations.'2 21 The question is then raised why an
improvement in motor function of the distal
oesophagus was not found in Toupet patients
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(partial fundoplication). As previously
reported," and also presently found, total and
partial fundoplications are equally durable and
control reflux disease equally well. The study
groups were also essentially identical with
respect to other relevant clinical and laboratory
indices. One possible explanation could be that
the recorded increase in peristaltic amplitude
in the Nissen-Rossetti group occurred solely as
a consequence of an outflow obstruction in the
gastro-oesophageal junction and therefore
should be classified as a secondary phenome-
non. The Toupet fundoplication (1800) raises
the lower oesophageal sphincter tone to a level
which is lower than after a total fundic wrap,
despite otherwise similar mechanical conse-
quences on the intra-abdominal length of the
high pressure zone. We have previously
suggested that these differences in lower oeso-
phageal sphincter tone might explain the
occurrence of dysphagia in the early post-
operative period after a total fundic wrap."
Giving additional support to the idea of mech-
anical obstruction in the gastro-oesophageal
junction, we found numerically higher ramp
pressures in patients having a total fund-
oplication. Although, our study design and
methodology were not specifically focused on
this issue, the data would thus imply a higher
intrabolus pressure in Nissen-Rossetti oper-
ated patients to overcome a subclinical outflow
obstruction. As a consequence of a this
mechanical situation, an increased amplitude
of the peristaltic wave is to be expected which
is why it can be argued that the recorded lower
frequency of failed primary peristalsis after a
total fundic wrap is a quite predictable finding.
This is particularly true as we applied a cut off
level of <I0mm Hg ofthe peristaltic amplitude
as a criterion for failed primary peristalsis. Our
long term findings after successful antireflux
surgery, showing no true improvements in
oesophageal motor function, are supported by
data from studies in which reflux disease is
effectively controlled by medical means such as
profound acid inhibition therapy.5 6 20 22 23 The
relevance of these findings has also to be con-
sidered when applying a broader clinical
perspective. The Nissen fundoplication (total
fundic wrap) is a widely used surgical pro-
cedure to control reflux and it is a generally
appreciated operation due to its efficacy. Some
troublesome side effects have, however, been
reported.24 Although our data would support
the notion that compensatory mechanisms are
operating in these patients to overcome an
outflow obstruction in the gastro-oesophageal
junction, it can be argued that by making the
total fundic wrap shorter, less obstructive con-
sequences would ensue.25 The ultimate goal for
antireflux surgery is, however, to restore the
antireflux mechanisms and thereby normalise
the anatomy and physiology of the gastro-
oesophageal junction without adding adverse
effects. At present, a partial fundoplication
seems to achieve this goal and therefore has
defined theoretical and clinical advantages.26
Thus we conclude that long term control of
gastro-oesophageal reflux disease by a partial
fundoplication is associated with no changes in

oesophageal motor function, findings which
can be interpreted in favour of the hypothesis
that GORD is pathogenetically linked to a
primary defect in oesophageal motor function.
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