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General introduction and outline of thesis

Gastroesophageal reflux disease

Physiology and pathophysiology of the gastroesophageal junction
The gastroesophageal junction prevents gastric content from entering the esophagus, and
consists of an intrinsic and extrinsic sphincter.” The intrinsic sphincter is formed by the
lower esophageal sphincter (LES) and the extrinsic sphincter by the crural diaphragm. The
antireflux barrier is further formed by the phreno-esophageal ligaments, which secure the
LES at the esophageal hiatus, and the angle of His, responsible for a flap-valve effect.? 3
Passage of an esophageal food bolus through the gastroesophageal junction is achieved
by swallow-induced LES relaxations. Additionally, venting of air from the stomach to the
mouth, also called belching, is achieved by transient LES relaxations (TLESR’s).# Gastro-
esophageal reflux, in which there is retrograde flow of gastric content into the esophagus,
is a physiological phenomenon, which has been demonstrated in healthy volunteers not
experiencing reflux symptoms. However, in patients suffering from gastroesophageal
reflux disease (GERD), these reflux episodes cause troublesome complaints, including
the typical symptoms heartburn and regurgitation, or result in mucosal damage such as
esophagitis or Barretts’ esophagus.®

Regarding the pathophysiological mechanisms leading to GERD, three mechanisms
can be distinguished. First, a low LES pressure (hypotensive LES) may cause a retrograde
flow of gastric content, either provoked by an increase in intra-abdominal pressure, or
when the LES itself is hypotensive compared to the intra-abdominal pressure (LOS<intra-
abdominal pressure).>” A second important pathophysiological mechanism includes a
pathologically high number of TLESR's. This may be the result of stimulation through
gastric distention, fat, stress, and subthreshold stimulation of the pharynx.®° The third
mechanism involves migration of the gastro-esophageal junction into the thorax (hiatal
hernia), in which the overlap between the intrinsic LES and the extrinsic crural diaphragm
is disturbed, causing an insufficient antireflux barrier.’®

Gastroesophageal reflux disease is the most common benign disorder of the upper
gastrointestinal tract, with 10-20 percent of the Western population reporting to experi-
ence heartburn or regurgitation on a weekly basis.’? Next to the typical reflux symptoms
of heartburn and regurgitation, GERD may also cause a variety of atypical symptoms,
including nausea, dysphagia or chronic cough (gastric asthma). Gastroesophageal reflux
disease has been demonstrated to severely impair quality of life in patients suffering from
this condition compared to healthy control populations, as well as compared to patients
with other chronic conditions.™ #

Diagnosis

The diagnosis of GERD is based on the combination of typical reflux symptoms, objec-
tified by either upper gastrointestinal endoscopy, demonstrating unequivocal signs of
reflux disease (esophagitis or Barretts'esophagus) with or without the presence of a hiatal
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Chapter 1

hernia, and/or conventional 24-hour pH monitoring, demonstrating pathological esoph-
ageal acid exposure (pH<4 for >4% of the time). Conventional esophageal 24-hour
pH-monitroing has always been considered the gold standard for diagnosing GERD by
detecting acidic reflux episodes with a pH<4, with assessment of the association between
reported symptoms and the presence of reflux episodes.’ However, not all reflux epi-
sodes are acidic (pH<4). Non-acidic or weakly-acidic reflux episodes, with a pH ranging
between 4 and 7, have been demonstrated to elicit typical reflux symptoms which cannot
be detected by conventional 24-hour pH-monitoring and do not adequately respond to
acid-suppressing medication.’® 7 Combined pH-impedance monitoring is a technique
which enables visualization of movements of gas and liquids through the esophagus,
by measuring differences in resistance encountered by an alternating electric current
generated between pairs of electrodes on a non-conductive esophageal catheter.’® When
fluids, characterized by a high conductivity, pass by the electrodes, the impedance level
decreases. With the passage of air, characterized by a low conductivity, the impedance
level increases. Not merely the movements of gas and liquids, but also the direction and
velocity of movements of these substances can be analyzed using this important tech-
nigue. Using combined pH-impedance monitoring, we are able to analyze the presence
of acidic and weakly-acidic reflux, and subsequently determine the effect of surgery on
reflux and belching patterns.

Treatment

Lifestyle modifications and pharmacological management, through either antacids, H2-
antagonists and/or proton pump inhibitors (PPI's), are considered the initial therapy for
patients diagnosed with GERD.' However, for patients who suffer from PPl-refractory
GERD, severe regurgitation, or for those who are unwilling to take lifelong medication,
antireflux surgery is the treatment of choice.

In 1937, dr. Rudolph Nissen (1896-1981), who should be considered a pioneer in
the field of (antireflux) surgery, performed a distal esophagectomy in a patient suffering
from a bleeding ulcer. In order to protect the anastomosis, Nissen wrapped the fundus of
the stomach around the distal esophagus. Several years later, the patient reported to be
completely asymptomatic with regards to his severe preoperative reflux complaints. It was
not until 1956 that dr. Nissen published the first results of his ‘fundoplication’ performed
on two patients suffering from reflux disease, in which a 360 degree total fundoplication
was performed.?® Since its introduction, the Nissen fundoplication has been modified
several times, including the Nissen-Rosetti fundoplication for extremely obese patients, in
which only the anterior wall of the stomach was wrapped around the distal esophagus,
including dissection of the short gastric vessels.?! Currently, the Nissen fundoplication, or
360 degree total fundoplication, is the most frequently performed type of fundoplication
worldwide, and entails mobilization of the distal esophagus, division of the short gastric
vessels, posterior repair of the crural diaphragm, and 360 degree wrapping of the fundus
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posteriorly around the distal esophagus.

As occurred with other abdominal surgical procedures after the introduction of lapa-
roscopy, the conventional Nissen fundoplication was rapidly replaced by its laparoscopic
counterpart, based on superior morbidity rates and time till recovery.?? 2> Therefore, lapa-
roscopic fundoplication is currently considered the surgical treatment of choice for patients
diagnosed with objectified GERD.

Although providing excellent long-term reflux control, 360 degree total or Nissen
fundoplication carries the risk of the development of troublesome side effects, of which
dysphagia and postfundoplication symptoms, including gas bloat and inability to belch,
are the most important.?4?® The risk of developing (severe) postoperative dysphagia was
already known in the early days of the Nissen fundoplication, which caused Jacques Dor
and Andre Toupet to develop a partial wrap in the 1960, in which the fundus of the
stomach is wrapped partially, anteriorly and posteriorly respectively, around the distal
esophagus.?’-?°

It was not until the introduction of laparoscopic antireflux surgery that these early
partial fundplications were accepted, further developed and implemented in dailly prac-
tice.?® Several RCTs have compared Nissen fundoplication with partial fundoplications, of
which the 270 degree posterior (or Toupet fundoplication) and 180 degree anterior partial
fundoplication are the most frequently performed.3%3¢ Recent meta-analyses of these trials
have provided level 1a evidence for equal reflux control, but a significantly lower risk of
dysphagia and postfundoplication symptoms after partial fundoplications compared to
Nissen fundoplication.? 26 This has led to an increasing popularity of these partial fundo-
plications, which are now being considered the prefered procedures in The Netherlands.
Superiority of either one of these two partial fundoplications with regards to reflux con-
trol, dysphagia or incidence of gas-related symptoms has not been demonstrated.

3
\ [

FIGURE 1. Dr. Rudolph Nissen (1896-1981), original image courtesy of Universitat Basel
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Hiatal hernia

Being one of the most important causes of GERD, hiatal hernia is characterised by the
protrusion of an abdominal structure other than the esophagus into the thoracic cavity
through a widening of the hiatus.?” Hiatus hernia can be categorized into four types: the
sliding-type (type ), the ‘true’ paraesophageal type (type Il), a mixed type (type lll), and
the type IV hiatal hernia, with the presence of an upside-down-stomach and possibly
omentum and/or intestinal interposition.3” Hiatal hernia may cause a variety of symptoms,
including obstruction, dysphagia, chest pain and heartburn, and may lead to life-threat-
ening complications such as strangulation or perforation. Hiatal hernia is more frequent
among elderly patients, with an increasing incidence associated with increasing age.
Furthermore, with improved outcome and survival following esophageal cancer, more
long-term follow-up of this specific (vulnerable) group of patients is becoming available,
including data regarding the incidence of post-esophagectomy hiatal herniation and
outcome of subsequent surgical treatment of this postoperative complication.

The first report on elective primary hiatal hernia repair dates back to 1919, in which
Angelo Soresi describes an abdominal approach to the hiatus, followed by reduction of
the hernia and closure of the crural diaphragm.?® 38 In his paper, Soresi makes a plea for
more awareness among surgeons for diaphragmatic herniation and the need for surgical
repair. Following the report of Soresi, interest in this condition grew, and surgical tech-
niques for hiatal hernia repair have been further developed by numerous important names
in the world of antireflux surgery, including Nissen, Allisson, Barrett, Belsey, Collis and
Hill.% Interestingly enough, it was not until the second half of the 20" century that the
presence of a hiatal hernia was linked to the development of GERD, in which Philip Allison
and Norman Barrett played an important role. It was during this developmental period
that surgery for hiatal hernia evolved from anatomic repair to physiological restoration.?°

With the introduction of minimally invasive surgery, mortality and morbidity rates
associated with hiatal hernia repair were further decreased, and over the last decade,
laparoscopic repair of symptomatic hiatal hernias has rapidly increased.?* The basic prin-
ciples of laparoscopic hiatal hernia repair include complete reduction of the hernial sac,
stomach and associated herniated structures with extensive dissection to optimize esopha-
geal mobility, followed by primary closure of the crura using non-absorbable sutures, and
performing a fundoplication to reduce the risk of postoperative GERD.3*4?

Due to the repetitive stress exerted on the diaphragm during respiratory (breathing,
coughing) and non-respiratory functions (vomiting), dehiscence and subsequent recur-
rent hiatal hernia is an important problem following primary repair. Their appears to be
a discrepancy in reported incidence of symptomatic recurrent hernias versus radiological
recurrences.** Based on the succesful implementation of mesh in ventral and inguinal
hernia repair, multiple authors have reported on the use of both absorbable and non-
absorbable mesh for crural reinforcement in elective hiatal hernia repair.*++’ Although
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short-term outcome appeared to be promising in favour of mesh, midterm results failed
to demonstrate superiority of mesh compared to repair using sutures alone with regards
to recurrence rate. Additionally, there are reports of mesh-related complications, with ero-
sion being the one most feared.*® Although the incidence of these complications appears
to be low, the true incidence is unknown, and long-term follow-up of patients in whom
these synthetics have been used is desperately needed to determine the safety of mesh
augmentation in hiatal hernia repair.

Aim of the thesis

In this thesis, we aimed to study the short- and long-term outcome of different surgical
techniques for the treatment of gastroesophageal reflux disease and hiatal hernia, using
both symptomatic and objective outcome measures.
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Outline

Chapter 2 describes 17-year outcome of a randomized clinical trial comparing lapa-
roscopic and conventional Nissen fundoplication. Additionally, long-term outcome of
laparoscopic fundoplication is analyzed from the perspective of the patient and referring
physician, with special emphasis on the use of acid-suppressing medication and need for
surgical reintervention during long-term follow-up.

Chapter 3 describes the pooled 2-year outcome of two multicenter randomized clini-
cal trials comparing laparoscopic 270 degree posterior, or Toupet fundoplication, and
180 degree anterior partial fundoplication for the treatment of gastroesophageal reflux
disease.

Chapter 4 analyzes the influence of laparoscopic 270 degree posterior, or Toupet fun-
doplication, and 180 degree anterior partial fundoplication on reflux-characteristics and
belching patterns, using 24-hour combined pH-impedance monitoring. The effect of
both procedures on acidic and weakly-acidic reflux episodes, number of air swallows,
and gastric- and supragastric belches is reported.

Chapter 5 presents 5-year outcome for patients in whom routine 24-hour pH-monitoring
demonstrated pathological esophageal acid exposure following laparoscopic fundopli-
cation. Differences in heartburn, use of acid-suppressing medication and the need for
surgical reintervention are compared between patients with physiological and pathologi-
cal postoperative esophageal acid exposure.

Chapter 6 compares the outcome for patients undergoing laparoscopic hiatal hernia
repair using non-absorbable sutures versus sutures reinforced with a non-absorbable
mesh, with special emphasis on differences in patient reported outcome measures
(PROM’s), objective outcome measures and the incidence of mesh-related complications.

Chapter 7 describes one-year outcome of a double-blind multicenter randomized clini-
cal trial comparing laparoscopic hiatal hernia repair using non-absorbable sutures versus
sutures reinforced with a non-absorbable mesh.

Chapter 8 analyzes the safety of laparoscopic hiatal hernia repair in elderly patients.

Data of two tertiary hospitals are combined and mortality and morbidity rates associated
with hiatal hernia repair are compared between patients aged under and over 70 years.
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Chapter 9 describes a novel technique for the surgical treatment of giant hiatal hernia,
using a simultaneous thoraco-laparoscopic approach.

Chapter 10 reports on the incidence of hiatal hernia following open versus minimally
invasive esophagectomy, including the outcome of subsequent hiatal hernia repair in this

specific group of patients.

Chapter 11 provides a general discussion and proposes future research concepts.
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Chapter 2

Abstract

Objective: To analyze long-term outcome of a randomized clinical trial comparing lapa-
roscopic (LNF) and conventional Nissen fundoplication (CNF) for the treatment of gastroe-
sophageal reflux disease (GERD).

Summary Background Data: LNF has replaced CNF, based on positive short- and mid-
term outcome. Studies with a follow-up of over 15 years are scarce, but desperately
needed for patient counselling.

Methods: Between 1997 and 1999, 177 patients with proton pump inhibitor (PPI)-
refractory GERD were randomized to CNF or LNF. Data regarding the presence of reflux
symptoms, dysphagia, general health, PPl use and need for surgical reintervention at 17
years are reported.

Results: A total of 111 patients (60 LNF, 51 CNF) were included. Seventeen years after
LNF and CNF, 90% and 95% of the patients reported symptom relief, with no differences
in GERD symptoms or dysphagia. Forty-three and 49% of the patients used PPI's (NS).
Both groups demonstrated significant improvement in general health (77% vs. 71%,
NS) and quality of life (75.3 vs. 74.7, NS). Surgical reinterventions were more frequent
after CNF (18% vs. 45%, P=0.002), mainly due to incisional hernia corrections (3% vs.
14%, P=0.047).

Conclusions: The effects of LNF and CNF on symptomatic outcome and general state
of health remain for up to 17 years after surgery, with no differences between the two
procedures. CNF carries a higher risk of surgical reintervention, mainly due to incisional
hernia corrections. Patients should be informed that 17 years after Nissen fundoplication,
60% of the patients are off PPI's, and 16% require reoperation for recurrent GERD and/
or dysphagia.
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Seventeen-year outcome of laparoscopic vs. conventional Nissen fundoplication

Introduction

Fundoplication is considered the standard surgical procedure for patients diagnosed with
objectified proton pump inhibitor (PPI)-refractory gastroesophageal reflux disease (GERD).
Since its introduction in 1991," laparoscopic 360° total (Nissen) fundoplication (LNF)
demonstrated excellent short-term results, with a significant reduction in perioperative
morbidity and recovery time compared to conventional Nissen fundoplication (CNF).2
However, since the introduction of Nissen fundoplication for the surgical treatment of
GERD, concerns have been raised about long-term sustainability of the beneficial effect,
both in terms of subjective and objective outcome. This has induced reluctance to refer
patients for surgery by general practitioners, internists and gastroenterologists.> 4

Previously, our group reported the three-months,* five-® and 10-year’ subjective and
objective outcome of a multicenter randomized clinical trial (RCT) performed between
1997 and 1999 in the Netherlands. In this clinical trial, 177 patients were included and
randomized to either laparoscopic (LNF) or conventional Nissen fundoplication (CNF). At
five years, no significant differences in subjective and objective outcome after LNF and
CNF were found, and 15% and 12% of the patients respectively underwent surgical
reintervention.® At 10-years, twice as many patients underwent reoperation after CNF
than after LNF (15% versus 35%, P=0.006), with no differences in reoperation for recur-
rent GERD and/or dysphagia, and comparable outcome in terms of GERD symptoms, PPl
use, quality of life and objective reflux control.” These findings have been confirmed by
Salminen et al, who published the 11-year outcome of their RCT comparing LNF and CNF
(n=110), with no differences in subjective outcome between the two groups, despite a
higher incidence of incisional hernia and endoscopically diagnosed insufficient wraps after
CNF compared to LNF.2 Recently, Salminen et al. published the results of 15-year follow-up
of this RCT (n=86), which were in line with the outcome at 11 years.® The present study
is the largest RCT comparing LNF and CNF and provides the longest follow-up duration,
with special emphasis on control of reflux symptoms, general health, need for medical
treatment and reoperation rate at 17 years.
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Methods

Study design and participants

Between 1997 and 1999, 177 patients were included in a multicenter RCT and underwent
either LNF or CNF for PPI-refractory GERD in one of the participating tertiary centers (n=98,
LNF; n=79, CNF).> After three months follow-up was available in 103 patients (n=57, LNF,;
n=46, CNF), an interim analysis demonstrated a significantly higher incidence of dysphagia
requiring endoscopic dilatation or surgical reintervention after LNF compared to CNF, and
the trial was therefore prematurely terminated.®In the period between the interim analy-
sis and the termination of the trial, another 64 patients had been randomized and were
subsequently operated, bringing the total number of included patients to 167 (n=93, LNF;
n=74, CNF). All 167 patients underwent symptomatic and objective evaluation, including
esophageal manometry and 24-hr pH-monitoring, at three-months follow-up.

At five years, 151 patients were eligible for evaluation of symptomatic outcome using
validated questionnaires, and esophageal manometry and 24-hr pH-monitoring (n=8 lost
to follow-up, n=4 died, n=4 emigrated).® Of these 151 eligible patients, three refused
further follow-up. Therefore, at five years, clinical outcome was available in 148 patients
(n=79, LNF; n=69, CNF). At 10 years, two patients had died within the CNF-group, con-
sequently clinical 10-year outcome was available for 146 patients (n=79, LNF; n=67,
CNF).” All patients were identified 17 years after surgery and have been included in the
present study. The CONSORT analysis of five- and 10-year follow-up and 17-year follow-
up are described in detail in Figure 1A and 1B respectively. All patients were contacted by
mail and asked to complete questionnaires on reflux symptoms, general state of health,
quality of life (QoL), patient satisfaction, use of acid suppressing drugs, and the need for
surgical reintervention.

Surgical procedure

All primary fundoplications were performed between January 1997 and August 1999 in
the participating tertiary centers.> After division of the short gastric vessels, full esophageal
mobilization, and posterior crural repair using non-absorbable sutures, a floppy 360° total
fundoplication of 2.5 to 3.0 cm was constructed in both the LNF- and CNF-group. Open
surgery was performed using a standard upper midline incision.

Clinical outcome

Clinical outcome, including the use of acid suppressing drugs, the need for surgical re-
intervention, the interval between primary fundoplication and reintervention, the indica-
tion for and type of reintervention, and the Visick scores, were registered at 17 years of
follow-up. To enable direct comparison of subjective outcomes at the different follow-up
periods, the same questionnaires were used preoperatively, at three months, five years,
10 years and 17 years after surgery. The Visick score was used for analyzing the subjec-
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tive effect of surgery, since it has been demonstrated to correlate well with a validated
questionnaire for reflux symptoms and provides valuable insight in the overall appreciation
of antireflux surgery by patients.'®"2 Patients were asked to rate the effect of surgery on
reflux symptoms using the modified Visick grading as follows: complete resolution
(Visick 1), improvement (Visick Il), no effect of surgery (Visick Ill), and deterioration (Visick
IV) compared to their preoperative symptoms. Using a combined frequency and sever-
ity grading system, resulting in grades ranging from 0 (no symptom) to 3 (frequent and
severe), the presence of heartburn, regurgitation and dysphagia was assessed.'® Further-
more, the presence and frequency of nausea, vomiting and increased flatulence were
monitored. A visual analogue scale (VAS) validated for the QoL assessment following
esophageal surgery,' was used to assess the impact of surgery on the QoL. The scale
ranged from 0 to 100, with O representing worst possible health and 100 representing
perfect health.' The effect of surgery on selfrated change in general health was measured
using a 3-point scale ranging from “improved” to “worsened”. Finally, patients were
asked if they would opt for surgery again in retrospect.

Statistics

All data were entered in a computerized database and analyzed using the statistical soft-
ware package SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA). All data were analyzed
based on the intention-to-treat principle. Per-protocol analysis was also performed in
order to examine possible changes between the two groups based upon the surgical
procedure patients had undergone. Data were expressed as mean = standard deviation
(SD) or total number of patients (%), unless stated otherwise. The Chi square test was
used for comparing binary variables between groups, and the Mann-Whitney U test for
continues variables. Kaplan-Meier analysis was used to evaluate the surgical reintervention
rate during the 17-year follow-up period. Statistical significance was defined as P<0.05.
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MANCHET I trial
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FIGURE 1A. Study profile: CONSORT analysis 5- and 10-year follow-up.
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FIGURE 1B. Study profile: CONSORT analysis 17-year follow-up.
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Results

Overall responses and completeness of follow-up

Baseline characteristics of included patients were available and comparable for both
groups (Table 1). Six patients (7.6 %) required conversion to an open procedure and were
maintained in the LNF-group based on the intention-to-treat principle. The mean time to
follow-up was 17.8 (0.9) years after LNF and 17.7 (0.9) years after CNF. Of the patients in
the LNF group with 10-year clinical outcome (n=79), six patients died and six were lost to
follow-up. In the CNF-group (n=69), also six patients died and seven were lost to follow-
up (Fig. 1B). Additionally, four patients who had been lost to follow-up at 10 years were
contacted at 17 years and included in the present study (n=3, LNF; n=1, CNF). Therefore,
a total of 124 patients were available for evaluation 17 years after surgery (n=70, LNF;
n=54, CNF). Of these 124 patients, data on clinical outcome could be retrieved for 111
patients (90%; n=60, LNF, n=51, CNF), of whom 105 completed the questionnaires.
(n=58, LNF; n=47, CNF). Thirteen patients refused to participate in the present study.

TABLE 1. Baseline characteristics according to treatment allocation.

LNF CNF
Patients (n) 60 51
Sex (male / female) 35/25 33/18
Age (yr.) 41.0(12.6) 41.8(11.3)
BMI (kg/m2) 26.0 (4.5) 27.1 (3.7)
Conversion rate 6(7.6%) -
Follow-up interval (yr.) 17.8(0.9) 17.7 (0.9)

All data are expressed as mean (SD) or n (%)

Symptomatic outcome

There was no difference in improvement of reflux symptoms after surgery between the
two groups, with 57 of 60 patients (95%) reporting their reflux symptoms to be either
resolved or improved (Visick | + Il resp.) after LNF, and 46 of 51 (90%) patients after CNF
(P=0.24; Table 2). After LNF, 54 of the 58 patients (93%) who completed the question-
naires reported no or mild symptoms of heartburn, which did not differ between the two
groups (39/47 [83%], CNF, P=0.41). No or mild regurgitation was reported in 97% after
LNF and 90% after CNF (P=0.28). There was no difference in the incidence of trouble-
some dysphagia 17 years after LNF and CNF, with no or mild dysphagia reported in 84%
and 85% of the patients respectively (P=0.79). The incidence of troublesome nausea,
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vomiting and increased flatulence also did not differ between the two groups (17% vs.
15%, P=0.78; 7% vs. 15%, P=0.31; and 41% vs. 45%, P=0.98 respectively). Per-protocol
analysis did not change these results.

TABLE 2. Self-rated change in reflux symptoms compared to preoperative state and grades

of heartburn, regurgitation, and dysphagia at 17 years.

LNF CNF
(n=60) (n=51)

Self-rated change in reflux symptoms, n (%)

Visick I: resolved 30 (50%) 27 (53%)

Visick II: improved 27 (45%) 19 (37%)

Visick Ill: unchanged 2 (3%) 1(2%)

Visick IV: worsened - 4 (8%)
Heartburn, n (%)

Grade 0 30 (52%) 22 (47)

Grade 1 24 (41%) 18 (38%)

Grade 2 1(1.7%) 3(6%)

Grade 3 - 12%)
Regurgitation, n (%)

Grade 0 43 (74%) 34 (72%)

Grade 1 13 (22%) 9 (19%)

Grade 2 2 (3%) 2 (4%)

Grade 3 - 3(6%)
Dysphagia, n (%)

Grade 0 26 (45%) 26 (55%)

Grade 1 23 (40%) 15 (32%)

Grade 2 4(7%) 4 (8%)

Grade 3 12%) 12%)

No or mild symptoms = grade 0 and 1

Both groups demonstrated a similar general state of health at 17 years, with 77%
and 71% of the patients reporting that their general state of health had improved com-
pared to the preoperative state after LNF and CNF respectively, with similar mean QoL
VAS scores (Table 3, 75.3 [13] vs. 72.4 [20], P=0.75). Both LNF and CNF resulted in a
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significant increase in QoL at 17 years compared to the preoperative state (both P<0.001,
Figure 2). Seventeen years after LNF and CNF, 82% and 69% of the patients answered
that they would opt for surgery again in retrospect (P=0.41), and there was no difference
between the two groups in the use of acid suppressing drugs (42% vs. 49%, P=0.44).
In the LNF group, 25 patients (42%) were dependent on daily use of acid suppressing
drugs, of whom two reported typical reflux symptoms with no relief compared to the
preoperative state (Visick grade ll), and 23 reported their reflux symptoms to be either
completely resolved or improved (Visick grades | and Il). Within the CNF group, 25 patients
(49%) were dependent on daily acid suppressing medication, of whom one reported no
relief of reflux symptoms compared to the preoperative state (Visick Ill) and three reported
worsening of the symptoms (Visick IV). Despite the fact that in both groups the usage of
acid suppressing medication increased at 17 years compared to the use three months after
surgery (3 months vs. 17 years postoperative P<0.001 for both groups), the usage at 17
years was significantly lower compared to the preoperative state (Figure 4, P<0.001 and
P=0.001). Changes in the use of acid suppressing medication during 17-year follow-up
are described in Figure 3. Per-protocol analysis did not change these results.

TABLE 3. General state of health, quality of life, and patient satisfaction at 17 years.

LNF CNF
(n=60) (n=51)

General state of health, n (%)

Improved 44.(77 %) 34 (72%)

Unchanged 6 (11%) 6 (13%)

Worsened 7 (12%) 8 (17%)
General QoL (VAS-score 0-100)* 75.3(13) 72.4(20)
Opt for surgery again in retrospect, n (%)

Yes 49 (85%) 35 (74%)

No 6 (10%) 7 (15%)

Unsure 3 (5%) 5(11%)
Use of daily acid-suppressing medication, n (%) 25 (42%)* 25 (49%)s

* Data are expressed as mean (SD); © P=0.045; * P<0.001 versus preoperative use; $£=0.001 versus
preoperative use
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FIGURE 2. Mean quality of life (VAS 0-100) during 17-year follow-up after LNF and CNF.
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FIGURE 3. Changes in use of acid-suppressing medication (percentage of patients) during 17-year

follow-up.

Surgical reintervention

Within the group of patients in whom clinical outcome was available at 17 years, 11
of the 60 patients (18%) and 23 of the 51 patients (45%) had undergone one or more
surgical reinterventions after LNF and CNF respectively (P=0.002). The specification of
surgical reinterventions reported by the included patients at 17 years is provided in table 4.
Overall, 18 of the 111 patients (16%) underwent surgical reintervention for recurrent
GERD and/or persistent dysphagia, with no significant differences between the groups
(7/60[12%] vs. 11/51 [22%], P=0.16). Based on the available clinical outcome at 17 years,
there was a higher rate of surgical reintervention for incisional hernia after CNF compared
to LNF (7/51 [14%] vs. 2/60 [3%], P=0.047). In the per-protocol analysis, this difference
was significant as well (1/54 [2%] vs. 8/57 [14%], P=0.032).
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Table 4. Surgical reinterventions performed during 17-year follow-up.

LNF CNF
(n=60) (n=51)
Surgical reintervention, n (%) 11 (19%) 23 (45%)*
Mean time to reintervention (months) 51 (69) 74 (60)
Indication for reintervention (n)
Recurrent GERD 3 5
Persistent dysphagia 3 2
Recurrent GERD and persistent dysphagia 1 4
Incisional hernia 2 7
Abdominal pain 1 2
Paraesophageal hernia 0 2
Gastric perforation 1 0
Barrett's esophagus 0 1
Type of reoperation (n)
Re-Nissen 5 8
Belsey-Mark IV 2 2
Conversion to partial fundoplication 0 1
Correction incisional hernia 2 7t
Adhesiolysis 1 1
Paraesophageal hernia repair 0 2
Esophagectomy 0 1
Other 1 1

All data are expressed as mean (SD) or n (%); * P=0.002 versus LNF; * P=0.047 versus LNF

Nine patients (n=3, LNF; n=6, CNF) who had been included in the 10-year study and
undergone surgical reintervention within 10 years after surgery, were lost to follow-up
(n=7) or had died (n=2) in the period between 10 and 17-year follow-up. Reinterventions
and their indications included re-Nissen for recurrent GERD and/or persistent dysphagia
(n=1 LNF; n=2 CNF), Belsey-Mark IV for recurrent reflux and/or persistent dysphagia (n=1,
LNF; n=1, CNF), and correction of incisional hernia (n=1, LNF; n=3, CNF). When these
patients were added to the present analysis, a total of 43 surgical reinterventions had been
performed in 120 patients (14/63 [22%)], LNF; 29/57 [51%], CNF, P=0.001) during the
entire 17-year follow-up period, with correction of incisional hernia in 10 patients after
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CNF, compared to three after LNF (P=0.028; see Figure 4, Supplemental Digital Content 1,
demonstrating the percentage of patients undergoing surgical reintervention after LNF
and CNF during 17 year follow-up (Kaplan-Meier analysis, one-minus-survival)).

Of the patients who used acid suppressing drugs 17 years after surgery, more had
undergone surgical reintervention compared to those not using acid suppressing medica-
tion (24/50 [48%] vs. 10/51 [20%], P<0.001). Surgical reintervention for GERD and/or
dysphagia was more frequently performed in this group compared to patients not using
acid suppressing drugs (16/50 vs. 2/51, P=0.013). Per-protocol analysis did not significantly
alter these results.

In order to analyze the risk for selection bias, baseline characteristics were compared
between patients who responded to the questionnaires and those who did not. Patients
who did not respond to the questionnaires were more often male than female (83% vs.
17%, P=0.024), had a lower mean age (53 [8] vs. 60 [12] years, P=0.016) and did not
undergo more surgical reinterventions up to 10 years of follow-up. These findings suggest
that the risk for selection bias in the present study is low.

0] Randamization

—ICNF t
IOLNF

—

-

Percentage of patients undergoing reintervention

Time after surgery (years)

SUPPLEMENTAL FIGURE 4. Percentage of patients undergoing surgical reintervention after laparoscopic
(LNF) and conventional Nissen fundoplication (CNF) during 17-year follow-up (Kaplan-Meier analysis,

one-minus-survival).
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Discussion

As occurred with other abdominal surgical procedures after the introduction of lapa-
roscopy, the conventional Nissen fundoplication was rapidly replaced by its laparoscopic
counterpart. This occurred despite the fact that the previously mentioned interim analysis
of this trial demonstrated a higher risk for troublesome dysphagia requiring endoscopic
dilatation or surgical reintervention after LNF compared to CNF,®> and one-year outcome of
another RCT comparing LNF and CNF was not yet available.’ The most important reason
for this transition was the reduced short-term morbidity rate associated with laparoscopy
and number of days till return to normal activity compared to the conventional approach,
which has been confirmed by recent meta-analyses.'” '® Currently, laparoscopic Nissen
fundoplication is the most frequently performed type of fundoplication worldwide.

In the present study, 17-year symptomatic outcome and the need for surgical rein-
tervention of patients included in the largest RCT comparing LNF and CNF are reported.
We demonstrated no differences between the two procedures in improvement of reflux
symptoms at 17 years after LNF and CNF, with 90 to 95% of the patients reporting their
reflux symptoms to be either completely resolved or significantly improved compared
to the preoperative state. Additionally, the symptoms heartburn and regurgitation were
either totally absent or only present in a mild form in 83 to 93% and 90 to 97% of the
patients respectively, with no differences between the two procedures. In 2012, Salm-
inen et al published the 15-year outcome of their Finnish RCT comparing laparoscopic
with conventional Nissen fundoplication, including 86 patients in whom symptomatic
outcome was available.® Since preoperative symptom-scores were not available in their
study, the effect of fundoplication on reflux symptoms could not be determined. Our
findings regarding the prevalence and grading of reflux symptoms at 17 years following
surgery compare favorably with those reported in their 15-year outcome study, in which
approximately 77% of the patients reported to be either asymptomatic or only experienc-
ing mild symptoms of heartburn or regurgitation.

This significant improvement in reflux symptoms 17 years after surgery is supported
by the reported decrease in use of acid suppressing drugs after LNF and CNF compared
to the preoperative state. However, 17 years after primary fundoplication, 42 to 49% of
the patients reported to use acid suppressing drugs. Compared to the use three months
after surgery, the number of patients using daily acid suppressing medication at 10 and
17 years after surgery is significantly higher, indicating a progressive increase in use of
acid suppressing drugs with extension of follow-up.>” This is supported by the study of
Salminen et al, reporting that 46.5% of the included patients had reinstated PPl use 15
years after surgery.® Therefore, if primary indication for Nissen fundoplication is unwilling-
ness of patients to take life-long acid suppressing medication, the success rate is around
60%.
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However, these findings should be interpreted with caution, since it is has been de-
monstrated that only a small portion of the patients using acid suppressing medication
after antireflux surgery is diagnosed with abnormal esophageal acid exposure on 24-hr
pH-monitoring.® '*2° Indeed, in the current RCT, 65% of the patients using PPIs on a
daily basis had no objectified pathological esophageal acid exposure at 10 years.” Possible
explanations for the increase in use of acid suppressing drugs include continues use by
patients despite absence of typical reflux symptoms, and prescription of acid suppress-
ing drugs to provide gastric protection for concurrent medication, such as nonsteroidal
antiinflammatory drugs (NSAIDS) and platelet inhibitors.?!

Three-month results of the present trial demonstrated a higher incidence of dyspha-
gia requiring endoscopic dilatation or surgical reintervention after LNF,> most likely caused
by a relative lack of experience with laparoscopic fundoplication by the participating
surgeons at the start of this trial. Symptomatic outcome at 5- and 10-years demon-
strated no difference in reported dysphagia between LNF and CNF® 7 and our present
17-year findings demonstrate these results are maintained during longterm follow-up,
with approximately 85% of the included patients reporting absence or the presence of
only mild dysphagia with no differences between the two procedures. The initial higher
incidence of dysphagia in the early postoperative period after LNF compared to CNF,2%-%4
and the decrease in incidence of dysphagia with extension of follow-up, has also been
described by other RCTs comparing outcome of LNF with CNF.23 2526

At 17 years, surgical reintervention was more frequently performed after CNF com-
pared to LNF. The main reason for this difference (18% vs. 45%) is the higher incidence
of symptomatic incisional hernia following CNF. Whilst at five-years follow-up of the
present trial no significant difference in the need for surgical reintervention between the
two groups was found,® significantly more patients required surgery for symptomatic
incisional hernia after CNF at 10- and 17-year follow-up.” The current study is the first
RCT to demonstrate that laparoscopic antireflux surgery reduces the number of incisional
hernia corrections compared with upper midline incision in non-obese patients. This is
an important finding, again underlining the long-term benefit of laparoscopic surgery
compared to the conventional approach.

Eighteen patients (16%) underwent surgical reintervention for recurrent GERD and/
or persistent dysphagia, with no significant difference between the two groups at 17
years. This finding indicates that approximately one in eight patients needs a second
operation for recurrent GERD and/or dysphagia. This is an important finding that should
be addressed when discussing the possibility of Nissen fundoplication for the treatment of
GERD. Salminen et al. found lower rates of surgical reintervention in both groups at both
11- and 15-year follow-up.®° At 15 years, seven (25%) incisional hernias were detected
in the CNF-group, which were all asymptomatic and did not require surgical repair, and
none after LNF. The overall reoperation rate 15 years after fundoplication was 5.5%
(n=3) and 7.3% (n=4) after LNF and CNF respectively (P=1.000), which is low compared
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to our results.® Selection-bias and referral-bias pose an important problem with long-
term follow-up studies and could explain differences between trials. Two meta-analyses
performed by Catarci et al and Peters et al demonstrated a reoperation rate of 9.6% and
8.2% respectively, with follow-up periods of 2.5 years (mean) and 3.6 years (average)
after LNF and CNF.'" ' These studies only included reoperation for recurrent GERD, and
taking the extended length of follow-up of our trial into account, our findings are largely
in line with these two meta-analyses.

The present study is based on the largest RCT comparing LNF with CNF and provides
the longest follow-up for both procedures currently available. A possible limitation of
this study is the fact that no objective outcome is provided for the patients. This has
been performed at five and 10 years after surgery for this cohort of patients however,
demonstrating no significant differences in esophageal acid exposure between the two
procedures.® 7 Since 17-year symptomatic outcome did not demonstrate any differences
between the two groups, one may assume objective follow-up will be in line with these
results. In the present study, 17-year clinical outcome is provided for 111 (66%) of the
initially included and operated 167 patients. Additionally, validated questionnaires were
completed by 105 (63%) of the initially included patients, and by using the same ques-
tionnaires at all postoperative intervals as those used preoperatively, direct comparison
between the preoperative phase and the different follow-up periods could be performed,
providing valuable insight in the symptomatic outcome throughout 17 years follow-up.
The response rate of 63% in this study was as is to be expected with these type of surveys,
especially given the fact that 18 patients died during 17-year follow-up.?” A potential
risk of long-term follow-up studies through questionnaires is selection bias. However, as
previously stated, the risk for selection bias in the present study is low.

In summary, this study demonstrates that the previously described effects of both LNF
and CNF on symptomatic outcome and general state of health at five and 10 years are
sustained for up to 17 years after surgery, with no significant differences between the two
procedures. CNF carries a higher risk for surgical reintervention compared to LNF, mainly
due to incisional hernia corrections, supporting the use of LNF as the surgical procedure
of choice for GERD. Despite the fact that 40% of the patients are back on medical treat-
ment after 15 years and a substantial proportion needs reoperation, when regurgitation
is the dominating symptom, surgery is the only option for adequate control of this inca-
pacitating symptom. If a patient is reluctant to take life-long medication, surgery should
be proposed, while informing patients that for this indication, their chances of sustained
success are approximately 60%, with a 16% chance of needing a second operation for
control of recurrent reflux symptoms and/or dysphagia.
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Abstract

Background: Compared to laparoscopic Nissen fundoplication (LNF), laparoscopic 270
degree posterior, or Toupet (LTF), and 180 degree anterior partial fundoplication (LAF)
provide equal reflux control, with a lower risk of postoperative dysphagia and gas-related
symptoms. Adequately powered randomized studies comparing short- to mid-term out-
comes for these type of partial fundoplication are lacking. The aim of the present study
was to analyze two-year outcome from two randomized trials comparing LTF vs. LAF for
the treatment of gastroesophageal reflux disease (GERD).

Methods: Between 2005 and 2015, 141 patients with proton pump inhibitor (PPI)-
refractory GERD were randomized to LTF or LAF in two randomized clinical trials using a
common protocol. Data regarding the incidence of dysphagia and gas-related symptoms,
presence of reflux symptoms, general health, PPl use and need for surgical reintervention
at two years were analyzed.

Results: 141 patients (LTF n=70, LAF n=71) were included. Two years after surgery, there
were no differences in GERD symptoms, dysphagia, gas-related symptoms or PPI use.
There were also no differences in patient satisfaction with the overall outcome. Endoscopy,
esophageal manometry and 24-hour pH-monitoring demonstrated LES resting pressure
to be significantly lower after LTF compared to LAF (8.5 [5.8-11.2] vs. 18.0 [13.2-22.9],
P=0.046), with no difference in the prevalence of esophagitis or esophageal acid exposure.

Conclusions: LTF and LAF provide similar reflux control, with no differences in incidence
of dysphagia or gas-related symptoms up to two years after surgery. The decision to per-
form LTF or LAF should be based on the surgeons experience with either of these partial
fundoplications.
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Introduction

Laparoscopic fundoplication provides excellent reflux control for patients diagnosed with
proton pump inhibitor (PPI) refractory gastroesophageal reflux disease (GERD), and for
those who are unwilling to take life-long acid suppressing medication." 2 While providing
high and stable satisfaction rates, the laparoscopic 360 degree total or Nissen fundoplica-
tion (LNF) is associated with a risk of developing undesirable side-effects such as dysphagia
and gas-related symptoms.?* Gas-related symptoms, including inability to belch, abdomi-
nal bloating and increased flatulence, are caused by a supracompetent valve preventing
the stomach from adequately venting ingested air.>*®

To reduce the incidence of postoperative dysphagia and gas-related symptoms, partial
fundoplications, where the fundus of the stomach is wrapped partially around the distal
esophagus, have been developed. Currently, the 270 degree posterior (LTF) and 180
degree anterior partial fundoplication (LAF) are the most frequently performed partial
fundoplications. Recently published meta-analyses have indeed demonstrated that both
procedures provide equal reflux control when compared to Nissen fundoplication, while
significantly reducing the risk of postoperative dysphagia and gas-related symptoms. 4
Furthermore, a recent study by Broeders et al. comparing reflux characteristics and belch-
ing between LNF and LTF using combined pH-impedance monitoring, demonstrated that
LTF results in significantly more air venting from the stomach, and less gas bloating and
flatulence compared to LNF, with similar reflux control at six months after surgery.'

In 2015, Daud et al published the results of an Australian randomized clinical trial
(RCT) in which patients with GERD were randomized to LTF or LAE" Although being
underpowered due to difficulty recruiting patients, this trial demonstrated no significant
differences in reflux control or incidence of dysphagia or gas-related symptoms at one
year follow-up. Recently, one-year outcome of a sister RCT performed in the Netherlands
was published, in which 94 patients were randomized for LTF and LAF.'? At one year, there
were no significant differences in symptomatic nor objective reflux control between the
two procedures, with no difference in the incidence of postoperative dysphagia or gas-
related symptoms.'?

These two studies were established using the same protocol and follow-up assess-
ment methods. In the present study, the two trials were combined to improve statistical
power. Two-year outcomes for LTF and LAF are reported, with emphasis on the incidence
of postoperative dysphagia and gas-related symptoms.
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Materials and methods

Study design and participants

Between September 2005 and May 2015, 141 patients were enrolled in two multicenter
randomized clinical trials and were randomized to undergo either LTF or LAR'" 2 The
two trials used the same protocol and methodology, with similar standardized symptom
and outcome assessment scores. Both types of partial fundoplication were standardized
among the participating tertiary centers.

All included patients were diagnosed with chronic PPI-refractory GERD, which had
been objectified through either upper gastrointestinal endoscopy demonstrating unequiv-
ocal signs of GERD, or 24-hour pH-monitoring demonstrating pathological esophageal
acid exposure, defined as a total percentage of time with pH<4 equal to or more than
4% of the time. Exclusion criteria consisted of esophageal motility disorders, previous
antireflux or bariatric surgery, and the presence of a giant hiatal hernia (intrathoracic stom-
ach>50%). All patients gave written informed consent for participation and prospective
collection of their medical data.

Forty-seven patients were operated in three tertiary referral centers in Adelaide, South
Australia, and Brisbane, Queensland, Australia.”” Ninety-four patients underwent lapa-
roscopic fundoplication in two tertiary referral centers in Zwolle and Nieuwegein, the
Netherlands.’ Both Dutch surgeons were trained in Australia and used the same surgical
technique, clinical outcome scores, and follow-up methodology in the Dutch trial as those
used in the Australian trial.’" 2 All participating surgeons in both the Dutch and Australian
trial were well beyond their learning curve for laparoscopic antireflux surgery, with each
surgeon performing more than 60 fundoplications per year.'

Demographics of the included patients were collected and included sex, age, body
mass index (BMI), the presence of comorbidities categorized as diabetes and renal, pul-
monary or cardiovascular disease, a history of thoracic and/or abdominal surgery, and the
use of acid suppressing drugs. Preoperative symptoms and symptomatic outcome after
fundoplication were assessed using structured questionnaires at different postoperative
intervals. All patients were scheduled for preoperative upper gastrointestinal endoscopy,
esophageal manometry and 24-hr pH-monitoring. Routine three to six month’s postopera-
tive upper gastrointestinal endoscopy, esophageal manometry and 24-hour pH-monitoring
was performed independently of postoperative symptoms.

Surgical procedures

In both trials, patients were randomized 1:1 to either LTF or LAF. All procedures were
commenced laparoscopically. Full esophageal mobilization and posterior crural repair
using non-absorbable sutures was performed. Division of the short gastric vessels was
performed when deemed necessary. Two-hundred-and-seventy degree posterior fundo-
plication entailed the creation of a posterior partial fundoplication of the gastric fundus,
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which was anchored to the esophagus on the left and right sides, as well as to the right
crus posterolaterally, while leaving the anterior esophagus uncovered. When constructing
a LAF, the ventral wall of the gastric fundus was sutured to the anterior esophagus and
right crus.™ If the performed fundoplication type was not consistent with the allocated
fundoplication type, the patient was not excluded and remained in the allocated group
for intention-to-treat analysis.

Clinical outcome

To enable direct comparison of subjective outcomes at the different follow-up periods,
the same structured questionnaires were used preoperatively, at one, three, six months
and 12 months after surgery, and on a yearly basis thereafter in both trials. The presence
or absence of the following symptoms was determined: heartburn, regurgitation, chest
pain, epigastric pain, dysphagia for solids and/or liquids, pain during swallowing, post-
prandial fullness, inability to belch, gas bloating, anorexia, nausea, vomiting, increased
flatulence and diarrhea. Additionally, the presence and severity of the symptoms heart-
burn and dysphagia for solids and liquids was assessed using a 0 to 10 analogue scale (0=
no symptom, 10= sever symptom). The presence and severity of dysphagia was further
examined using the validated Dakkak dysphagia score, assessing the difficulty of swal-
lowing 9 different types of liquids and solids (O=never; 1=sometimes; 2=always)." Overall
outcome of surgery was ranked using an analogue satisfaction score (0= dissatisfied, 10=
highly satisfied), a modified Visick grading score (1= no symptoms, 5= worse symptoms
following surgery), and an overall outcome score (1= perfect; 4= bad outcome).'® In addi-
tion, patients were asked whether or not they considered their original choice to have
surgery to be correct (0=no, 1= yes). Changes in the use of proton pump inhibitors and
histamine-2 blockers were also recorded.

Statistics and sample size calculation

All data was entered in a computerized database and analyzed using the statistical soft-
ware package SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA). Data was analyzed based
on the intention-to-treat principle. Data were expressed as mean + 95% confidence interval
(95% C.1.) or total number of patients (%), unless stated otherwise. The Chi square test
was used for comparing binary variables between groups, and the Mann-Whitney U test
for continues variables. The effect of surgery on different continues variables in either
the LTF or LAF group was analyzed using the Wilcoxon signed rank test (preoperative vs.
postoperative values). Statistical significance was defined as P<0.05.

Sample size calculation has previously been described and was based on an esti-
mated reduction in Dakkak dysphagia score of 50 percent after LAF (Dakkak score 3.5)
compared to LTF (Dakkak score 7.0).'> 7 A two-sample T-test power analysis with a power
of 0.8 and a of 0.05 resulted in a sample size of 47 versus 47 (PASS 2008, version 8.0.8.).
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Ethics approval and trial registration

The protocols of both trials have been approved by each participating hospital’s re-
search ethics committee and consent was obtained from all participants. Both trials
have been registered in the Australia and New Zealand Clinical Trials Registry (ACTRN-
12605000035628) and the Dutch Trial Register (NTR, RCT number NL39193.100.12).
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Results

Overall responses and completeness of follow-up

A total of 141 patients were enrolled in the two randomized clinical trials and underwent
LTF (n=70) or LAF (n=71). All but one of the included patients underwent the procedure
they were randomized for. One patient from the Australian trial was randomized for LTF,
but since a satisfactory posterior fundoplication could not be performed, a 180 degree
anterior fundoplication was constructed. Two patients in the Dutch trial who were ran-
domized for LTF underwent conversion to LAF for early dysphagia at five and 14 days
after primary surgery respectively and remained in the LTF-group based on intention to
treat analysis. Preoperative clinical outcome was available for all patients. Postoperative
clinical outcome was available for 129 patients (91.5%) at three and six months, 127
patients (90.1%) at one year, and 125 patients (88.7%) two years after surgery (Fig. 1).
Three patients were lost to follow-up and 13 refused to respond to the questionnaires.
In the Dutch trial, none of the patients died during the two-year follow-up, and in the
Australian trial one patient died 23 months after surgery due to an unknown cause.
Preoperative endoscopy, esophageal manometry and pH-monitoring outcomes were
available for 132 patients (93.6%), 101 patients (71.6%), and 127 patients (90.1%)
respectively. Details of the postoperative follow-up are summarized in Figure 1. There were
no significant differences in baseline characteristics between the two groups (Table 1).
Additionally, there were no conversions to open surgery in either trial.

TABLE 1. Baseline characteristics according to treatment allocation.

LTF LAF
Patients (n) 70 71
Sex (male / female) 29/41 30/41
Age (yr.) 51.5 (48-55) 54.9 (52-58)
BMI (kg/m?) 28.3(27-29) 28.0(27-29)
Previous abdominal surgery 30 (42.9%) 41 (57.7%)
Esophageal acid exposure (% time) 13.8(10.1-17.6) 14.2 (11.7-16.6)

All data are expressed as mean (95% confidence interval) or n (%)
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Australian RCT™ Dutch RCT™
LTF LAF LTF LAF
n=24 n=23 n=47 n=47
\4 v
3-month objective outcome 3-month objective outcome
LTF LAF LTF LAF

Endoscopy n=20 | Endoscopy n=22 Endoscopy n=45 | Endoscopy n=45

Manometry n=22 | Manometry n=24 Manometry n=27 | Manometry n=28

pH-study n=13 pH-study n=13 pH-study n=41 pH-study n=35
Lost to follow-up Lost to follow-up
Died n=1 ‘ | Died n=0
Lost n=0 "] Lost n=3
Refused n=7 Refused n=5
4 v
2-year clinical outcome 2-year clinical outcome
LTF LAF LTF LAF
n=18 n=21 n=43 n=43

FIGURE 1. Study profile: CONSORT analysis 2-year follow-up.

Symptomatic outcome

There were no differences in preoperative symptoms between the LTF- and LAF-group,
with equal prevalence of the symptom heartburn (n=67 [95.7%] vs. n=64 [90.1%],
P=0.197), mean heartburn score (5.7 [5.0-6.4] vs. 5.2 [4.5-5.9], P=0.383), dysphagia
score for liquids (0.8 [0.4-1.2] vs. 1.1 [0.5-1.6], P=0.727), dysphagia score for solids (2.5
[1.7-3.3] vs. 2.0 [1.3-2.6], P=0.620) and Dakkak dysphagia score (8.9 [6.5-11.3] vs. 8.0
[5.5-10.4], P=0.423). Furthermore, there was no difference in the preoperative use of acid
suppressing medication (n=68 [97.1%] vs. n=66 [93.0%], P=0.253).

The presence of symptoms assessed two years after surgery is summarized in Table 2.
There were no differences in the prevalence of the symptoms heartburn, dysphagia, or
gas-related symptoms, including inability to belch, gas bloating and increased flatulence,
after LTF and LAF. In both groups, there was a significant decrease in heartburn score
at two years compared to the preoperative state (LTF, 5.7 vs. 1.7, P<0.001; LAF, 5.2 vs.
2.4, P<0.001), with equal heartburn scores, dysphagia scores for liquids and solids, and
Dakkak dysphagia scores at two years (Table 3). Two years after LTF and LAF, 15 (26.3%)
and 16 (25.8%) patients reported the use of acid suppressing medication on a daily basis
(P=0.950).
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TABLE 2. Prevalence of postoperative symptoms after laparoscopic 270 degree posterior and

180 degree anterior partial fundoplication at two years.
LTF LAF

(n=70) (n=71) P-value
Heartburn 14 (23.3%) 15(22.4%) 0.989
Regurgitation 15 (25.0%) 9 (14.1%) 0.123
Chest pain 14 (23.3%) 15 (23.4%) 0.989
Epigastric pain 17 (28.3%) 22 (34.4%) 0.469
Pain during swallowing 3(5.0%) 6(9.4%) 0.493
Postprandial fullness 29 (48.3%) 22 (34.4%) 0.114
Inability to belch 8(13.3%) 10 (15.6%) 0.717
Gas bloating 14 (23.3%) 12 (18.8%) 0.531
Anorexia 3(5.0%) 1(1.6%) 0.353
Nausea 16 (26.7%) 13 (20.3%) 0.404
Vomiting 0(0.0%) 2(3.1%) 0.496
Nocturnal coughing 10 (16.7%) 19 (29.7%) 0.087
Increased flatulence 34 (56.7%) 32 (50.0%) 0.457
Diarrhea 10(16.7%) 9 (14.1%) 0.687

All data are expressed as n (%); LTF= laparoscopic 270 degree posterior fundoplication;
LAF= laparoscopic 180 degree anterior fundoplication

TABLE 3. Mean heartburn score, dysphagia score for liquids and solids, Dakkak dysphagia

score and usage of acid suppressing medication at two-years.
LTF LAF

(n=70) (n=71) P-value
Heartburn Controlled 49 (86.0%) 46 (80.7%) 0.451
Heartburn score
(VAS 0-10) 1.7(1.2-2.3) 2.4(1.7-3.1) 0.337
Dysphagia for liquids
(VAS 0-10) 0.7 (0.3-1.1) 1.0 (0.6-1.5) 0.798
Dysphagia for solids
(VAS 0-10) 1.6 (1.0-2.1) 3.2 (0.4-5.9) 0.474
Dakkak Dysphagia Score 6.4 (4.4-8.5) 7 6(5498) 0560
(0-45)
Use gf d.a||y acid-suppressing 15 (26.3%) 16(25.8%) 0,950
medication

Data are expressed as n (%) or mean (95% C.l.); VAS= visual analogue scale; LTF= laparoscopic 270
degree posterior partial fundoplication; LAF= laparoscopic 180 degree anterior partial fundoplication.
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At two years, there was no difference in Visick scores or patient satisfaction (Table 4),
with mean satisfaction scores of 8.5 and 8.1 for both groups (P=0.337). There was no
significant difference in the number of patients considering their choice to undergo sur-
gery to be correct (n=56 [94.9%] vs. n=59 [92.2%], P=0.601).

TABLE 4. Satisfaction score, Visick score and number of patients reporting they would opt for

surgery again after laparoscopic 270 degree posterior and 180 degree anterior partial fundo-
plication at two years.

LTF LAF Pvalue
(n=70) (n=71)
Satisfaction score (0-10) 8.5(7.9-9.0) 8.1(7.5-8.7) 0.337
Visick score
| 12 (21.4%) 16 (25.8%) 0.610
I 29 (51.8%) 25 (40.3%)
Il 8(14.3%) 13(21.0%)
\% 7(12.5%) 8(12.9%)
V 0(0.0%) 0(0.0%)
Opt for surgery again
Yes 56 (94.9%) 59 (92.2%) 0.601
No 3(5.1%) 4(6.3%)
Unsure 0(0.0%) 1(1.6%)

All data are expressed as mean (95% C.I.) or n (%); LTF= laparoscopic 270-degree posterior partial
fundoplication; LAF= laparoscopic 180-degree anterior partial fundoplication.

At three months, six months and one year after surgery, there were no differences
in mean heartburn score, dysphagia score for liquids and solids and Dakkak score, nor in
satisfaction scores or the patients considering their choice of having surgery to be correct.
Mean heartburn score and Dakkak score during two year follow-up are summarized for
both procedures in Figure 2A and Figure 2B respectively. During two-year follow-up, there
was no difference in the prevalence of gas-related symptoms (gas bloat, inability to belch
and increased flatulence) at all postoperative intervals (Table 5).
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Mean heartburn score (0-10)
B

preop 1 month 3 months 6 months 1year 2 year
n=70 n=71 n=68 n=65 n=65 n=64 n=65 n=64 n=62 n=65 n=60 n=64

FIGURE 2A. Mean heartburn score (0-10) during two-year follow-up for laparoscopic 270-degree poste-
rior (LTF) and 180-degree anterior (LAF) partial fundoplication groups.

20 T

16 T

12 T

Mean Dakkak dysphagia score (0-45)

preop 1 month 3 months 6 months 1year 2 year
n=70 n=71 n=68 n=65 n=65 n=64 n=65 n=64 n=62 n=65 n=60 n=64

FIGURE 2B. Mean Dakkak dysphagia score (0-45) during two-year follow-up for laparoscopic 270-degree
posterior (LTF) and 180-degree anterior (LAF) partial fundoplication groups.
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TABLE 5. Prevalence of gas-related symptoms after laparoscopic 270 degree posterior and 180

degree anterior partial fundoplication.

3-months 6-months 1-year 2-years
LTF LAF LTF LAF LTF LAF LTF LAF
Inability to 16 11 12 9 10 7 9 10
belch (24.6%) (17.2%) (18.5%) (14.1%) (16.1%) (10.8%) (14.8%) (15.6%)
Gas bloatin 12 13 14 14 14 11 14 12
g (18.5%) (20.3%) (21.5%) (21.9%) ((22.6%) (16.9%) (23%) (18.8%)
Increased 45 43 43 42 41 38 35 32

flatulence (69.2%) (67.2%) (66.2%) (66.7%) (66.1%) (58.5%) (57.4%) (50.0%)

All data are expressed as n (%); LTF= laparoscopic 270 degree posterior partial fundoplication; LAF=
laparoscopic 180 degree anterior partial fundoplication

Objective outcome

The results of pre- and postoperative upper gastrointestinal endoscopy, esophageal mano-
metry and 24-hour pH-monitoring are summarized in Table 6. Preoperative upper gas-
trointestinal endoscopy did not demonstrate any differences in the presence of hiatal
hernia (P=0.496), esophagitis (P=0.926), or the presence of Barrett’s esophagus (P=0.782)
between the two groups. Postoperatively, there were also no differences in the prevalence
of hiatal hernia (P=0.526), esophagitis (P=0.537) or Barrett's esophagus (P=0.770). Twenty
patients were diagnosed with Barrett's esophagus preoperatively, of whom 14 underwent
postoperative endoscopy, demonstrating regression of Barrett's esophagus in five patients
(35.7%). There was no increase in the prevalence of Barrett's esophagus after LTF (P=0.10
compared to preoperative state) nor in the LAF group (P=0.317). An intact fundoplication
was demonstrated in 48 (100%) and 44 (91.7 %) patients after LTF and LAF (P=0.117).

Preoperative esophageal manometry showed no differences between LTF and LAF
in distal esophageal pressure (P=0.065), distal amplitude (P=0.583), or percentage of
primary peristalsis (P=0.309), with equal LES resting and residual relaxation pressures
(P=0.689 and P=0.960 respectively). Both LTF and LAF led to a significant increase in LES
resting pressure (P=0.009 and P<0.001 respectively) compared to the preoperative state.
The LES resting pressure was significantly lower after LTF compared to LAF (8.5 [5.8-11.2]
vs. 18.0 [13.2-22.9], P=0.046), with no differences in distal resting pressure (P=0.054),
distal amplitude (P=0.778) or percentage of primary peristalsis (P=0.361). Compared to
LTF, LES residual relaxation pressure was significantly lower after LAF (9.5 [-1.8-20.7] vs.
8.2 [5.0-11.5], P=0.028).

Preoperative 24-hour pH-monitoring demonstrated no significant differences in
upright, supine or total esophageal acid exposure between the two groups (P=0.767,
P=0.374, P=0.181 respectively). Both LTF and LAF significantly reduced total esophageal
acid exposure compared to the preoperative state (P<0.001 and P<0.001 respectively).
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Postoperatively, there were no significant differences in upright (P=0.655), supine (P=0.895)
or total esophageal acid exposure (P=0.775) between the two groups.

Postoperative reintervention

There were no endoscopic dilatations for persistent or severe dysphagia in either group
during two-year follow-up. Three patients underwent early surgical reintervention (within
30 days after primary fundoplication). As stated before, two patients from the Dutch
trial who primarily underwent LTF required conversion to LAF (postoperative day 5 and
14 respectively) for severe dysphagia. One patient from the Australian trial required a
reoperation on the second postoperative day due to a lost needle, during which the
fundoplication was left intact.
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Discussion

Recent meta-analyses have demonstrated equal reflux control, with a lower incidence of
dysphagia and gas-related symptoms after LTF and 180 degree LAF compared to LNF.3 4
These studies provide level 1 evidence to support the use of both types of partial fun-
doplication in order to avoid the undesirable side-effects associated with LNF. Studies
directly comparing the most frequently performed type of partial fundoplications, LTF and
180 degree LAF, were lacking however. This led to the need for directly comparing both
partial fundoplications in a randomized fashion. The present study is the first to report
two-year outcome of LTF and LAF for the treatment of GERD, based on the original data
of two randomized clinical trials directly comparing these partial fundoplication. During
the entire two-year follow-up period, there were no differences in subjective nor objec-
tive reflux control between LTF and LAF, with no differences in postoperative dysphagia
and gas-related symptoms.

The present findings are largely in line with the one-year results of both the Aus-
tralian and Dutch trial.'" > The Dutch study group also found no significant differences
in symptomatic outcome at one year, with only a significant lower LES residual resting
pressure after LTF compared to LAF measured three months after surgery.” The study of
Daud et al. reports a significant higher mean heartburn score one year after LAF compared
to LTF, and less ability to belch at three and six months after LTE."" After pooling of their
data with data of the Dutch trial and extension of follow-up to two years, these findings
were no longer present. This could have been due to a type 1 error or a true difference
between both fundoplications that fades in time. On the other hand, the Australian trial
was underpowered due to difficulty recruiting patients, which could lead to type two
errors. By combining the raw data sets of both trials, we have created the largest dataset
directly comparing LTF with LAF for the treatment of GERD, and have achieved adequate
statistical power. In the present study, the only difference between the two procedures
was a significantly lower LES resting pressure after LTF compared to LAF, and a significantly
lower LES residual relaxation pressure after LAF. This appears to have no clinical conse-
quences, since there were no differences in postoperative esophageal acid exposure or
the prevalence of esophagitis, reflux control or dysphagia between LTF and LAF, indicating
that the decrease in LES resting pressure does not increase reflux. Two years after surgery,
both types of partial fundoplication established a significant reduction in heartburn score
compared to the preoperative state. The mean heartburn scores assessed two years after
LTF and LAF, with no significant difference between the two procedures, are in line with
previous reports on short- to midterm outcome of LTF and LAF."”

Two years after surgery, approximately 26% of the patients included in the pres-
ent study reported the daily use of acid suppressing medication. This finding should be
interpreted with caution, since previous studies have demonstrated that only a minority
of the patients who are ‘on’ PPI's after antireflux surgery have actual gastro-esophageal
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reflux confirmed objectively by pH- monitoring or endoscopy.'® ' Possible explanations
for this finding include the continues use of medication despite absence of typical reflux
symptoms, the development of new “atypical symptoms, such as gas-related symptoms,
or the concomitant use of other medication such as non-steroidal anti-inflammatory drugs
requiring acid suppressive medication for gastric protection.

In the present study, LTF was directly compared to 180 degree LAF. Previous studies
have suggested that 90 degree anterior partial fundoplication, which involves wrapping
of the fundus anteriorly half way across the distal esophagus with a circumference of 90
degrees, results in inferior reflux control but less dysphagia and gas-related symptoms
compared to 180 degree anterior partial and Nissen fundoplication.'”-2° One trial from
Sweden compared 120 degree anterior fundoplication with posterior partial fundoplica-
tion, and found equal satisfaction with surgery, with better reflux control after posterior
partial fundoplication and less troublesome side effects following anterior partial fundo-
plication.?!

There were no differences in the incidence or severity of postoperative dysphagia,
for either liquids or solids, assessed at all postoperative intervals up to two years after
LTF and LAF in the present study. Two patients required early conversion to LAF due to
severe dysphagia within the first two weeks after surgery. There were no other revision
fundoplications or surgical reinterventions during the follow-up period. Furthermore,
there were no endoscopic dilatations for dysphagia in either group during the two-year
follow-up period. Previous studies have demonstrated that the development of new gas-
related symptoms and severe early dysphagia significantly affects satisfaction with sur-
gery.? In the present study, overall satisfaction with surgery remained high up to two
years following surgery, with mean satisfaction scores of 8.1 t0 8.5, and 92.2% t0 94.9%
of the patients responding that they considered their choice to undergo surgery to be
correct two years after fundoplication.

Due to the randomized design, the use of identical study protocols, and pooling
of original raw datasets, the present study provides the largest randomized clinical trial
comparing outcome for LTF vs. LAF. Clinical outcome data was available for approxi-
mately 88% of the originally included patients, which compares favorably to what is to
be expected with this type of study.?* A possible weakness of our study is the fact that it
combines data from a trial performed in Australia with data from a Dutch trial. However,
the design of both trials was deliberately identical, with the same pre- and postoperative
symptomatic and objective evaluation in both countries. Additionally, all operations in the
Dutch trial were performed by two surgeons who had previously worked with the Austra-
lian research group and learnt and applied identical surgical techniques. Another potential
limitation is the fact that patients did not undergo additional objective investigations at
two years. In both trials upper gastrointestinal endoscopy, esophageal manometry and
24-hour pH-monitoring was performed three to six months after surgery, demonstrating
only a significantly lower LES resting pressure after LTF, with no differences in symptomatic
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outcome at three months and two years after surgery. Therefore, one may assume that
objective evaluation at two years would be in line with the short-term results.

In conclusion, the present study demonstrates that both LTF and LAF provide sub-
jective and objective reflux control, with no differences in the incidence or severity of
dysphagia or gas-related symptoms up to two years after surgery. The decision to perform
a LTF or LAF should be based on the individual surgeon’s experience with either of these
two partial fundoplications. Long-term follow-up of both trials is needed to confirm
equivalence of both types of partial fundoplication with regards to reflux control, dys-
phagia, or the incidence of gas-related symptoms.
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Abstract

Objective: To determine differences in effect of laparoscopic 270 degree posterior or
Toupet fundoplication (LTF) and 180 degree anterior (LAF) partial fundoplication on reflux
characteristics and belching patterns.

Summary of Background Data: LTF and LAF ensure equal reflux control and reduce the
risk of gas-related symptoms compared to 360 degree (Nissen) fundoplication. It is unclear
which type of partial fundoplication is superior in preventing gas-related side-effects.

Methods: Upper gastrointestinal endoscopy, esophageal manometry, and 24-hour com-
bined pH-impedance monitoring were performed before and 6 months after fundo-
plication (n=10, LTF vs. n=10, LTF). Observed changes after surgery (A) were compared
between the two procedures.

Results: Symptomatic reflux control, as well as reduction in acid (A -58.5 vs. -66.5), liquid
(A-17.0 vs. -43.5) and mixed liquid-gas reflux episodes (A -38.0 vs -40.0) was comparable
following LTF and LAF. There were no differences in the total number of weakly acidic
reflux episodes after LTF and LAF (1.0 [0.8 — 4] vs. 1.0 [0 — 3], P=0.436). The reduction in
proximal, mid-esophageal and distal reflux episodes was similar. Both procedures equally
reduced the number of gastric belches and supragastric belches, with no significant re-
duction in the number of air swallows after either procedure.

Conclusions: LTF and LAF provide similar reflux control, with a comparable effect on
acidic, liquid and gas reflux. Both procedures equally reduced the number of belches and
supragastric belches. This study provides the physiological evidence for the published
randomized trials reporting similar symptomatic outcome after both types of partial fun-
doplication.
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Introduction

Laparoscopic fundoplication is an effective and definitive treatment for patients suffer-
ing from proton pump inhibitor (PPI) refractory gastroesophageal reflux disease (GERD),
or for those who are unwilling to take life-long medication. Until recently, laparoscopic
360 degree total (Nissen) fundoplication (LNF) has been the surgical treatment of choice,
providing excellent reflux control with high and stable satisfaction rates.’> However, an
important problem associated with total fundoplication is the development of postfun-
doplication symptoms, including dysphagia and gas-related symptoms, such as gas bloat
and increased flatulence, caused by a supracompetent antireflux barrier. > The develop-
ment of postoperative dysphagia and/or gas-related symptoms has a significant impact
on patient-perceived success of surgery, with lower satisfaction scores after surgery.*’
To reduce the risk of postoperative dysphagia and gas-related symptoms, partial fun-
doplications have been developed. The two most frequently performed types of partial
fundoplication include the laparoscopic 270 degree posterior or Toupet fundoplication
(LTF) and the 180 degree anterior fundoplication (LAF).* & Both are created by wrapping
the fundus of the stomach partially around the distal esophagus, either posteriorly or ante-
riorly. Recent meta-analyses have demonstrated that both types of partial fundoplication,
LTF and LAF, offer durable and comparable control of reflux symptoms, with a lower inci-
dence of ‘post-fundoplication symptoms’ compared with LNF.4&Recently, our study group
published the results of a multicenter randomized clinical trial comparing LTF and LAF for
the treatment of GERD.® At one year, there were no differences in the presence and/or
severity of heartburn, nor in the incidence or severity of dysphagia for liquids or solids
between the two groups. Additionally, routine upper gastrointestinal endoscopy, con-
ventional 24-hour pH-monitoring and esophageal manometry performed three months
after surgery did not demonstrate any differences in the presence of esophagitis, total
esophageal acid exposure, or lower esophageal resting pressure after both procedures.®
The exact physiological effects of both types of partial fundoplication and the rela-
tionship with the development of gas-related symptoms are scarcely described. To clarify
the latter, combined pH-impedance monitoring is the esophageal function test of choice.
This technique enables visualization of movements of gas and liquids through the esopha-
gus.'® " This provides valuable information regarding the effect on acid and weakly
acidic reflux, air swallows, gastric belches and supragastric belches. These are important
factors when evaluating the outcome of antireflux surgery. Weakly acidic reflux has been
demonstrated to elicit typical reflux symptoms which cannot be detected by conventional
24-hour pH-monitoring and do not respond to acid-suppressing medication.'> 3 Gastric
belching is a physiologic mechanism during which the stomach vents ingested air. It is
hypothesized that gas-related symptoms are largely caused by an inability to belch.' >
A previous study of our group used combined pH-impedance monitoring to compare
reflux characteristics and belching patterns between LTF and LNF, and demonstrated that
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LTF reduces reflux to a similar extend compared with LNF, but with less reduction in gas
reflux and gastric belches, resulting in a lower incidence of gas bloating and flatulence
following LTF."®

The present study is the first to use combined pH-impedance monitoring to compare
LTF and LAF, and determine differences in effects of both partial fundoplications on reflux
characteristics and belching.
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Methods

Study design and data collection

Between January 2009 and March 2016, 20 patients diagnosed with GERD with patho-
logical esophageal acid exposure and who were on the waiting list for primary LTF or
LAF were prospectively included. Patients who had undergone previous antireflux sur-
gery, hiatal hernia repair or bariatric surgery were excluded. All patients were asked to
complete structured questionnaires preoperatively and six months postoperatively, and
were scheduled for routine pre- and postoperative esophageal manometry and 24-hour
combined pH-impedance monitoring. Baseline characteristics, including age, body mass
index and the presence of comorbidities, and pre- and postoperative symptomatic and
objective outcome were prospectively entered into a digitalized database.

Symptomatic outcome

Allincluded patients were asked to complete structured questionnaires preoperatively and
six months postoperatively by mail. The structured questionnaire focused on the presence
and severity of typical GERD symptoms, dysphagia, and gas-related symptoms (the pres-
ence of bloating, inability to belch and increased flatulence). The presence and intensity
of reflux symptoms was assessed using the validated GERD Health-Related Quality of Life
score (GERD-HRQol)."” 8 The presence of and changes in dysphagia were analyzed using
the validated European Organization for Research and Treatment of Cancer QLQ-OES
18 questionnaire.™ The validated Short-Form 36 (SF-36) was used to assess the possible
changes in health-related Quality of Life (QoL).?° The presence of bloating, inability to
belch and increased flatulence were assessed using a binary scale (absent/present).

Endoscopy

Upper gastrointestinal endoscopy was not routinely performed, but based upon the pre-
operative presence of or clinical suspicion for esophagitis, Barrett's esophagus or stenosis.
Endoscopy was performed after eight hours of fasting. During endoscopy, postsurgical
anatomy, healing of esophagitis, and/or the presence of any esophageal obstruction or
hiatal hernia was assessed and scored according to the Los Angeles Classification.?!

Esophageal manometry

All patients were scheduled for pre- and postoperative esophageal manometry. Three days
after cessation of medication that could possibly affect esophageal motility, manometry
was performed using a multi-lumen water-perfused catheter with incorporated sleeve
sensor (Dentsleeve International Ltd, Mississauga, Canada) and a low-compliance perfu-
sion system. Following transnasal introduction, the position of the proximal part of the
lower esophageal sphincter (LES) was determined by slowly withdrawing the catheter,
and intra-luminal esophageal pressures were registered at 5, 10, 15, 20 and 25 cm above
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the proximal border of the LES. Next, the manometric response to 10 standardized wet
swallows (5-mL water bolus) was recorded. The gastric baseline pressure was registered
2cm below the distal margin of the sleeve sensor and used as the zero reference point.

Ambulatory 24-hour combined pH-impedance monitoring

Ambulatory 24-hour combined pH-impedance monitoring was performed after cessa-
tion of acid-suppressing medication or medication which could influence esophageal
motility, with PPIs being ceased for seven days and H2-recepetor antagonists for three
days before monitoring. Using transnasal introduction, the antimony pH electrode was
placed 5 cm from the upper border of the manometrically determined proximal border
of the LES, whereas the recording segments of the impedance catheter (VersaFlex, Alpine
Biomed, Fountain Valley, CA, USA) were placed 2-4, 4-6, 6-8, 8-10-, 14-16 and 16-18
cm from the proximal border of the LES. The 24-hour pH- and impedance signals were
recorded using a digital data recorder (Medical Measurements Systems, Enschede, The
Netherlands) with a sampling frequency of 1 Hz and 50 Hz respectively.?? The presence
of symptomatic episodes was assessed by asking patients to press a button on the digi-
tal data recorder. Furthermore, the patient registered the occurrence of all symptoms,
the associated body position and the relation with food and drink intake in a diary. If
symptoms were recorded during a 24-hour measurement, the symptom-index (SI) and
symptom association probability index (SAP) were calculated for all reflux episodes, gastric
belches, and supra gastric belches, with an SI of more than 50% and SAP of more than
95% regarded as being positive.?* 2

Surgical procedure

All fundoplications were performed by a single experienced gastrointestinal surgeon spe-
cialized in antireflux surgery, who was well beyond his learning curve.?® In all patients, a
standardized fundoplication was performed that aimed to create a loose valve in order to
minimize the development of post-fundoplication symptoms. The distal esophagus was
fully mobilized and short gastric vessels were ligated and divided if considered necessary.
The surgeon verified that the gastroesophageal junction was placed in a tension-free
position in the abdomen and the fundoplication was tension-free as well. Posterior crural
repair was performed using non-absorbable sutures and without the use of a bougie,
after which a floppy fundoplication of 2.5 to 3.0 cm was constructed. In case of LTF,
the fundus was wrapped 270 degree behind the distal esophagus and attached to the
esophagus on the right and left sides and to the hiatus on the right side, leaving the
anterior esophagus uncovered. Constructing a LAF, the fundus was wrapped for 180
degrees around the anterior distal esophagus and sutured to the front of the esophagus
and the diaphragmatic hiatus.?®
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Data analysis
The classification of reflux characteristics, and gastric and supragastric belches has been
described in detail in two previous studies from our research group examining the physi-
ological effects of 360 degree LNF.?” 28 This also accounts for the used classification of
air-containing swallows, gas, liquid, mixed, acid and weakly acidic reflux episodes.?® One
single observer (JEO) manually analyzed all pre- and postoperative 24-hour pH-impedance
recordings of the included patients using a software program (MMS, Enschede, The
Netherlands). In case of any uncertainty, two expert observers (JO and AJB) could be
consulted, who were blinded for patient characteristics and pre- and postoperative status
to minimize the risk of observer bias. The upper limit of the normal number of total, acid
and weakly acidic reflux episodes were 75, 50 and 33 episodes per 24-hours respectively.?
The proximal extent in centimeters above the LES was determined for each reflux episode.
The extent of liquid component of liquid-containing reflux episodes (pure liquid and mixed
reflux) was classified as proximal (>15cm above LES), mid-esophageal (5-15cm above
LES) or distal reflux (<5cm above LES).?’ For liquid-containing reflux episodes, the total
esophageal reflux distance (TERD), defined as the sum of the proximal extent above the
LES of all reflux episodes in centimeters, and the mean proximal extent were calculated.?’

Gastric belches included gas components of pure gas and mixed liquid gas reflux
episodes that reached the most proximal channel.3® Supragastric belches were identified
using the criteria previously described by Bredenoord et al., defining supragastric belches
as rapid increases in impedance (>1000 Q) moving in an abnormal direction and followed
by a return to baseline moving from distal to proximal.?" This was considered to indicate
a pattern reflecting the expulsion air following rapid esophageal air ingestion. When a
supragastric belch occurred prior (<1 sec) to the onset of a reflux episode or during a
reflux episode, with the onset within 10 seconds after the start of the episode, it was
considered to be a reflux related supragastric belch.3?

The number of air swallows, gastric and supragastric belches, as well as all reflux
episodes were normalized to a 24-hour period for adequate comparison, with exclusion
of periods of meal consumption, based on the diary from the included patients.

Statistical analysis

Statistical analysis was performed using the statistical software package SPSS, version
20.0 (SPSS, Inc., Chicago, IL, USA). All continuous variables are presented as median =
interquartile range (IQR). Absolute differences (A) between pre- and postoperative values
were used to express the effect of surgery on continuous variables. The Mann-Whitney
U-test was used to compare the absolute differences between the LTF group and the LAF
group. In order to determine whether the effect of surgery was significant in either the
LTF group or the LAF group, the Wilcoxon signed rank test was used. The y? test was
used to compare groups for nominal variables. A p-value<0.05 was considered to be
statistically significant.
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Results

Included patients

Between January 2009 and March 2016, 20 patients who were on the waiting list for a
primary LTF or LAF were included. Patients who underwent LTF were matched to patients
who underwent LAF based on total esophageal acid exposure time on 24-hour pH-im-
pedance monitoring performed preoperatively (ratio 1:1). There were no differences in
baseline characteristics between the patients who underwent LTF and LAF (Table 1).

TABLE 1. Baseline characteristics of included patients according to fundoplication type.

LTF LAF
Patients (n) 10 10
Male / female 5/5 5/5
Age (years) 41.5[24 - 62] 42.0[37-51]
Body mass index (kg/ m?) 29.0[24 - 33] 26.7 [24 - 30]
Total esophageal acid exposure (%)* 11.1[10-19] 9.0[7-13]

Values are given as number of patients or median (interquartile range); LTF= laparoscopic 270 degree
posterior partial fundoplication; LAF= laparoscopic 180 degree anterior partial fundoplication;

* preoperative total esophageal acid exposure measured using 24-hour combined pH-impedance
monitoring

Upper gastrointestinal endoscopy and esophageal manometry

Eighteen patients (90%) had undergone preoperative gastrointestinal endoscopy. Of these
patients, six (33%) were diagnosed with esophagitis, and 18 (69%) with a sliding hiatal
hernia. There were no differences between the two groups in the prevalence of esopha-
gitis or hiatal hernia before or after surgery.

Preoperative esophageal manometry was performed in all patients, with no differ-
ences in preoperative mean LES resting pressure between the two groups. Postoperative
manometry was performed in all but one patient (95%). Neither LTF nor LAF caused a
significant increase in LES resting pressure compared to the preoperative state (LTF A +0.5
[-0.2 — 1.1] kPa, P=0.240; LAF +0.4 [0.0 — 1.8] kPa, P=0.137). LES relaxation pressure
significantly increased after LTF, but the increase did not reach statistical significance after
180 degree LAF (LTF A +0.3 [0.1-0.8] kPa, P=0.020; LAF +0.3 [0.0-0.6] kPa, P=0.093).
The distal contraction amplitude was not significantly altered by LTF (A +1.7 [-0.9-2.8],
P=0.721) nor LAF (-1.2 [-2.3-4.0] kPa, P=0.441).
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Effect on acid and weakly acidic reflux

All 20 patients underwent pre- and postoperative 24-hour pH-impedance monitoring
(Table 2 and 3). Both LTF and LAF led to a significant reduction in total esophageal acid
exposure time, with no significant difference in absolute reduction between the two
procedures (A -10.8 [-16.1 = -10.8] vs. -7.9 [-11.9 — -6.2], P=0.497). Both procedures
significantly reduced the number of reflux episodes (P=0.005 compared to preoperative
state), with no difference in absolute reduction between the two groups (A -65.0 [-87
—-47] vs. -100.5 [-105 — - 50], P=0.218), and an equal and significant reduction in acid
reflux episodes (A -58.5 [-83 — -40] vs. -66.5 [-80 — -45], P=0.912). Preoperatively, there
was a trend towards a higher number of weakly acidic reflux episodes in the LAF-group
(6.0 [3.3-12.5] vs. 12.5[5.0 = 36.3], P=0.105). Therefore, the total number of weakly
acidic reflux episodes was reduced to a greater extend by LAF (A-12.0 [-32.0 — -4.8])
compared to LTF (A -4.0 [-9.3 —-1.3], P=0.023), with no significant difference in the total
number of postoperative weakly acidic reflux episodes (1.0 [0.8 —4.0] vs. 1.0 [0.0 — 2.5],
P=0.436). Both liquid and mixed reflux episodes were significantly reduced by LTF and LAF
respectively, with no significant differences in absolute reduction (Table 2). Furthermore,
there were no significant differences in the reduction of acid and weakly acidic liquid or
mixed gas-liquid reflux episodes. The total number of gas reflux episodes was significantly
reduced in both groups, but to a greater extend by LAF (A -3.0 [-11.5 — 1.5] vs. -15.0
[-29.5 - -12.5], P=0.010, Figure 1). This was most likely caused by a significantly higher
number of preoperative gas reflux episodes in the LAF-group compared to the LTF group
(7.0[4.0-14.5] vs. (18.0[13.3 = 36.5], P=0.011).

Both LTF and LAF led to an equal reduction in proximal (A -36.0 [-64.0 — -16.3] vs.
-38.0[-49.0 - -19.5, P=1.000), mid (A -19.5 [-26.8 — 0.8] vs. -28.0 [-74 — -20], P=0.063)
and distal reflux (A -1.0 [-5.0 — 0.0] vs. -2.0 [-8.8 — -1.0], P=0.315). Both procedures sig-
nificantly reduced TERD, with no difference in absolute reduction between the two groups
(A-1026.5(-1268.8 — -675.0] vs. -1427.5 [ -1658.8 — -665.0], P=0.247).
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FIGURE 1. Median number of gas reflux episodes during 24-hour monitoring after 270 degree posterior

and 180 degree anterior partial fundoplication.

Effect on belching
There was no difference in the effect of LTF compared to LAF on the number of air swal-
lows during 24-hour monitoring (A +46.0 [23 — 86] vs. -31.0 [-156 — 81], P=0.278), with
both procedures not significantly altering the number of air swallows (Table 3). Gastric
belches were present in all patients both pre- and postoperatively. Both LTF and LAF sig-
nificantly decreased the number of gastric belches (P=0.008 and P=0.007 respectively)
compared to the preoperative state, with no difference in absolute reduction between
the two procedures (P=0.278; Figure 2).

Supragastric belching, either associated with reflux or not, was present preoperatively
in nine patients (45%), with no difference in prevalence between the two groups (Table 3).
Twelve patients (60%) demonstrated supragastric belches during the postoperative mea-
surements, of whom three did not demonstrate supragastric belches before surgery. Both
LTF and LAF led to a significant and equal increase in supragastric belches not associated
with reflux. There was no significant difference in the effect of LTF on the prevalence of
supragastric belches associated with reflux, either prior to or during reflux, compared to
LAF (P=0.123, P=0.075 and P=0.684 respectively).
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Symptomatic outcome
Both procedures significantly reduced reflux symptoms, assessed using the GERD-HRQolL-
score, with the absolute reduction not differing between the two procedures (A -20.0
[-29.0 --12.0] vs. -17.5 [-23.3 —-12.3], P=0.536). The presence and severity of postop-
erative dysphagia, assessed using the QLQ-OES 18 questionnaire, did not differ between
the two groups (23.5 [21.5 — 25.8] vs. 22.0 [21.0 — 25.5], P=0.579), with both groups
demonstrating a significant and comparable reduction compared to the preoperative state
(P=0.018 and P=0.008 respectively). The prevalence of inability to belch, gas bloating
and increased flatulence did not differ after LTF or LAF (P=0.242, P=0.367, and P=0.304
respectively). Compared to the preoperative state, the health-related QoL significantly
increased after both LTF (A +17.5[12.2 — 29.0], P=0.018) and LAF (A +21.1 [3.4 — 38.9],
P=0.022), with no significant differences between the two procedures (P=0.792).
Fourteen of the twenty patients reported symptoms during postoperative 24-hour
pH-impedance monitoring, of whom none had a positive SI or SAP for acid or weakly
acidic reflux. Only four of the 49 reported symptoms (8.2%) were preceded by weakly
acidic reflux episodes.
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FIGURE 2. Median number of gastric belches during 24-hour monitoring after 270 degree posterior and
180 degree anterior partial fundoplication.
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Discussion

Laparoscopic fundoplication yields excellent results with regards to reflux control.3* How-
ever, troublesome side-effects, of which dysphagia and gas-related symptoms are the
most important, pose a significant challenge to both the clinician and patient, since
they significantly reduce patient satisfaction.” This study demonstrates that LTF and LAF
significantly reduce esophageal acid exposure and the total number of acidic and weakly
acidic reflux episodes, with no difference in reduction between the two procedures. This
is the first study to use combined pH-impedance monitoring to evaluate differences in
reflux control and belching patterns after LTF and LAF. While the absolute reduction in
the number of weakly acidic reflux episodes and gas reflux episodes is greater after LAF
compared to LTF, there was no difference in the total number of postoperative weakly
acidic and gas reflux episodes between the two procedures. Additionally, there was no
difference in symptomatic reflux control between LTF and LAF

The reduction in gastric belches following fundoplication results in reduced air venting
from the stomach, and is therefore held responsible for the development of postopera-
tive gas-related symptoms.?' The number of belches was significantly reduced by both
types of fundoplication, with no difference in absolute reduction. Additionally, there was
no difference in the prevalence of postoperative bloating or inability to belch between
the two procedures. Previous studies have used combined pH-impedance monitoring to
compare the influence of LTF and LNF on gastric belching, with contradictory results. Two
studies provoked belching by insufflating gas into the stomach, with one study reporting a
superior reduction in gastric belches after partial fundoplication,?* and the other reporting
similar numbers of gastric belches after posterior partial and total fundoplication.** Broed-
ers et al. were the first to compare belching patterns after LTF and LNF using combined
pH-impedance monitoring during an entire 24-hour period and without insufflation of
gas.'® As stated before, that study reported an equal reduction in both acid and weakly
acidic reflux episodes, with a significantly lower reduction in gas reflux and gastric belches
after LTF compared to LNF, thereby providing the physiological explanation for the reduced
incidence of gas-related symptoms after LTF.4

Recently, our group published the results of a randomized clinical trial comparing LTF
and LAF, in which 94 patients were included and underwent routine pre- and postopera-
tive upper gastrointestinal endoscopy, esophageal manometry and conventional 24-hour
pH-monitoring.® One year after surgery, there were no significant differences between the
two procedures in terms of subjective and objective reflux control, postoperative dyspha-
gia or incidence of gas-related symptoms. By using combined pH-impedance monitoring,
the present study confirms our previous findings from the randomized clinical trial and
demonstrates that LTF and LAF not only have a comparable short-term effect on acidic
reflux, but also on the total amount of acidic and weakly acidic reflux and belching,
providing physiological support for the equal symptomatic outcome after both types of
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partial fundoplication. Both types of partial fundoplication did not completely eliminate
reflux, but significantly reduced the number of reflux episodes, thereby rendering patients
asymptomatic during the described follow-up period. As is the case with every type of
antireflux procedure, long-term follow-up of both physiological studies and randomized
clinical trials needs to determine whether this effect is sustained.

The present study has several limitations. First, patients were not randomized to either
LTF or LAF. However, a randomized design is less critical in physiological studies compared
to studies analyzing clinical or subjective endpoints. The first group of 10 patients were
allocated to LTF and the second group of 10 patients were allocated to LAF by the same
surgeon, hence there was no selection whether a patient was treated with a posterior or
anterior partial fundoplication. Additionally, preoperative characteristics did not determine
whether a patient underwent LTF or LAF, which is supported by the fact that baseline
characteristics of patients undergoing LTF and LAF were identical. Furthermore, we also
compared clinical outcome of LTF and LAF in a randomized fashion, of which the results
are in line with the outcome of the present physiological study.® Since all fundoplications
were performed by a single surgeon, with experience in performing both types of partial
fundoplication, the risk of bias based on experience is low. Another possible limitation
is the fact that the physiological effects of both type of partial fundoplications were
not directly compared to those of LNF. However, this has been performed previously by
Broeders et al, directly comparing outcome of 24-hour combined pH-impedance moni-
toring after LTF and LNF,'® and two recent meta-analyses comparing outcome of LTF with
LNF# and LAF with LNF.® Due to the superior outcome of LTF and LAF compared to LNF
with regards to the postoperative incidence of dysphagia and gas-related symptoms and
equivalent reflux control demonstrated by these level la studies, LNF is no longer being
regarded the procedure of choice for primary antireflux surgery in the Netherlands.

In conclusion, this study demonstrates that LTF and LAF provide equal reflux con-
trol, with a comparable effect on reflux episodes and belching. Both procedures equally
reduced the number of belches and supragastric belches. The present study provides the
physiological evidence for the previously published randomized trials reporting equal
symptomatic outcome after both types of partial fundoplication.® 3¢ The choice for per-
forming LTF or LAF should be based on the surgeons experience with either procedure.
Long-term follow-up of both randomized clinical trials as well as physiological studies
comparing LTF and LAF need to confirm equivalence of both partial fundoplications at
the long term.
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Abstract

Objective: The aim of the present study was to assess symptomatic outcome and need for
surgical reintervention for patients identified with pathological esophageal acid exposure
by routine postoperative 24-hour pH-monitoring.

Summary Background Data: Although laparoscopic fundoplication is associated with
excellent short- and midterm results, recurrent symptoms pose an important challenge.
Postoperative pH-monitoring is considered the “gold standard” for diagnosing recurrent
GERD and frequently used for routine postoperative follow-up.

Methods: Analysis of prospectively collected data from patients who underwent lap-
aroscopic fundoplication between April 1994 and June 2015 and underwent routine
postoperative 24-hr pH-monitoring was performed. Symptomatic outcome and need for
surgical reintervention up to five years was compared between patients with pathologi-
cal and physiological postoperative esophageal acid exposure. Primary endpoints were
heartburn score and need for surgical reintervention for recurrent reflux.

Results: 309 patients in whom routine postoperative 24-hr pH-monitoring was performed
were included. Pathological acid exposure was present in 33 patients (11%) compared to
276 patients (89%) with physiological acid exposure. During five-year follow-up, there
were no differences in heartburn, dysphagia, or satisfaction scores. Eighteen percent
of all patients with abnormal postoperative pH-studies underwent redo fundoplication
during five-year follow-up.

Conclusions: Pathological acid exposure demonstrated by routine postoperative pH-
monitoring was not associated with worse symptomatic outcome in terms of reflux control
and satisfaction. A possible explanation for this finding is that laparoscopic fundoplica-
tion reduces the patients’ ability to perceive reflux. This underlines the importance of
assessing the association between symptomatic outcome and esophageal function tests
in determining outcome of antireflux surgery.
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Introduction

Gastroesophageal reflux disease (GERD) is an important benign disorder of the gastro-
intestinal tract, affecting up to 20% of the Western population.' Laparoscopic fundoplica-
tion is considered the standard surgical procedure for patients diagnosed with objectified
proton pump inhibitor (PPl)-refractory GERD. The 360° total (Nissen) fundoplication is
the most frequently performed type of fundoplication worldwide, providing excellent
long-term reflux control.%# In order to reduce the incidence of side-effects associated
with total fundoplication, including dysphagia and bloating, partial fundoplications have
been developed. Depending on the type of partial fundoplication, the fundus is wrapped
partially, either in an anterior or posterior fashion, around the distal esophagus. Recent
meta-analyses have demonstrated a lower incidence of these side-effects after partial
fundoplications.> ¢

Recurrent reflux symptoms are an important problem with a significant impact on
patient’s quality of life and satisfaction with surgery.” Twenty-four-hour pH-monitoring
is considered the “gold standard” for the diagnosis of recurrent GERD, by categorizing
between pathological and physiological esophageal acid exposure. It is frequently used
for routine postoperative follow-up and determining outcome of fundoplication. The
results of routine studies should be interpreted with caution however, since a pH-study
demonstrating pathological esophageal acid exposure, does not have to be associated
with symptoms. Furthermore, symptoms interpreted as recurrent reflux appear to dem-
onstrate a weak correlation with esophageal acid exposure.®

So far, no data have been published regarding the outcome of patients identified with
pathological esophageal acid exposure by routine postoperative pH-monitoring. In the
present study, we compare five-year symptomatic outcome and need for surgical reinter-
vention between patients with pathological and physiological esophageal acid exposure.
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Methods

Study designs and participants

Prospectively collected data from patients who underwent primary laparoscopic total or
partial fundoplication were analyzed. Patients had been included in one of six randomized
clinical trials comparing laparoscopic Nissen fundoplication with versus without division
of short gastric vessels °, Nissen versus 180° anterior partial fundoplication '°, Nissen with
anterior versus posterior hiatal repair ', Nissen versus 90° anterior partial fundoplication 2,
Nissen versus 270° posterior partial versus 180° anterior partial fundoplication '3, and
270° posterior versus 180° anterior partial fundoplication '#, of which the outcomes
have been described. All patients gave written informed consent for inclusion in a pro-
spective database. The diagnosis chronic PPl-refractory GERD was objectified through
upper gastrointestinal endoscopy demonstrating unequivocal signs of GERD or 24-hour
pH-monitoring demonstrating pathological esophageal acid exposure. Exclusion criteria
included esophageal motility disorders, previous antireflux surgery, and the presence of
a giant hiatal hernia (intrathoracic stomach>50%).

Demographics included sex, age, body mass index (BMI), comorbidities categorized
as diabetes and renal, pulmonary or cardiovascular disease, and a history of thoracic and/
or abdominal surgery. Pre- and postoperative symptoms were assessed using structured
guestionnaires at different intervals. All patients were scheduled for preoperative upper
gastrointestinal endoscopy and esophageal manometry. Preoperative 24-hour pH-moni-
toring was only performed on patients with no unequivocal reflux disease demonstrated
by endoscopy and manometry. Due to trial-participation, routine three to six month’s
postoperative upper gastrointestinal endoscopy, esophageal manometry and 24-hour
pH-monitoring was performed in all patients, independently of symptoms.

All patients who had undergone routine 24-hour pH-monitoring within 12 months
after surgery were identified. Symptomatic outcome was assessed at six months, one,
two, three and five years after surgery. Differences in symptomatic outcome and need
for reoperation were analyzed for patients identified with pathological and physiological
esophageal acid exposure. Patients in whom it was likely that abnormal esophageal acid
exposure was caused by migration of the pH-probe were excluded.

Surgical procedures

All primary fundoplications were performed between April 1994 and May 2015 in the
participating tertiary centers in The Netherlands and Australia by experienced laparoscopic
surgeons. Division of short gastric vessels was performed depending on the type of pro-
cedure and/or trial a patient was enrolled in.® Following full esophageal mobilization,
posterior and/or anterior crural repair using non-absorbable sutures was performed, and
a floppy 360° total, 270° posterior, or a 90° or 180° anterior partial fundoplication was
constructed.'™ 6
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Subjective outcome

Subjective outcome was assessed using a structured questionnaire completed preopera-
tively, six months postoperatively, and on a yearly basis thereafter. For the present study,
only changes in heartburn and dysphagia scores were compared between patients with
pathological and physiological acid exposure up to five years after surgery. The presence
and severity of heartburn was scored using a visual analogue scale (0= no heartburn; 10=
severe heartburn). The presence and severity of dysphagia was assessed for liquids and
solids using a visual analogue scale (0= no dysphagia; 10= severe dysphagia). Addition-
ally, a validated dysphagia score (Dakkak score O= no dysphagia; 45= severe dysphagia)
integrating dysphagia for various types of liquids and solids was applied.'” The effect of
surgery was ranked using the Visick grading system: complete resolution of symptoms
(Visick 1), mild symptoms easily controlled by simple care (grade II), moderate symptoms
not interfering with social life/work (grade Ill), symptoms interfering with social life/work
(grade IV), and symptoms worse than before surgery (grade V).'® Overall satisfaction was
scored by a visual analogue scale (0= dissatisfied; 10= satisfied). The use of acid suppress-
ing drugs was assessed, including PPIs, histamine H2-recepter antagonists (H2-blockers),
antacids and prokinetics, and patients were asked if they would opt for surgery again in
retrospect. Symptomatic outcome for patients who had undergone surgical reintervention
during six-months to five-year follow-up was excluded beyond the date of reoperation.

Upper gastrointestinal endoscopy

Upper gastrointestinal endoscopy was performed preoperatively and three to six months
postoperatively to assess postsurgical anatomy, healing of esophagitis, and the presence
of any esophageal obstruction. The presence of reflux esophagitis was scored using the
Savary-Miller classification.”™ Endoscopic findings were categorized as: no esophagitis,
presence of esophagitis (grades 1-3), stricture (grade 4), or Barrett's esophagus (grade 5).
A fundoplication was determined to be sufficient if the following criteria were met: 1)
the fundoplication snuggly encircled the retroflexed endoscope at the gastroesophageal
junction; 2) when the stomach was insufflated with air, the fundoplication remained
competent at endoscopy (no venting or belching of air); 3) the fundoplication was in an
anatomically correct position and a hiatus hernia was not visualized.

Stationary esophageal manometry

Through transnasal introduction, a motility catheter was introduced into the esophagus
and positioned with a sleeve sensor straddled across the lower esophageal sphincter (LES).
After the proximal and distal border of the LES were determined using the pull-through
technique, intraluminal esophageal pressures were recorded at 5, 10 and 15 cm above
the proximal border. Mean resting pressure (mmHg), amplitude of contractions (mmHg)
and the percentage of primary peristalsis of the distal esophagus were included, as well
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as the LES mean resting pressure (mmHg). A LES mean resting pressure >10 mmHg and
propagation of at least 80% primary peristalsis during 10 swallows of 5-ml water boluses
were defined as normal.

Ambulatory 24-hour pH-monitoring

Acid suppressing medication was ceased five days before the pH-study. A pH probe was
introduced through the nose into the esophagus and positioned 5 cm proximal to the
manometrically determined proximal border of the LES, after which it was connected to
an ambulatory pH-recorder for 24 hours. Results of 24-hour monitoring were analyzed
for the percentage of time during which the esophageal pH was less than 4 and the cor-
relation between reported symptoms and recorded reflux episodes. A reflux episode was
defined as pH<4 for at least 5 seconds. Categorization as pathological and physiological
esophageal acid exposure was based on the percentage of time with pH<4, with patho-
logical acid exposure defined as an acid exposure time of at least 4% of the total time.

Statistics

All data were transferred into a computerized database and analyzed using the statistical
software package SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA). Data were expressed
as mean (95% confidence interval) or number of patients (%). The Chi square test, or
Fisher's exact test where necessary, were used for comparing binary variables between
groups, and the Mann-Whitney U test for continues variables. Statistical significance was
defined as P<0.05.
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Results

Available symptomatic and objective outcome

Between April 1994 and May 2015, 309 patients underwent primary fundoplication and
completed routine 24-hour pH-monitoring. Nissen fundoplication was performed in 153
patients (49%) and partial fundoplication in 156 patients (51%), including 270° posterior
(n=48, 16%), 180° anterior (n=69, 22 %), and 90° anterior partial fundoplication (n=39,
13%). Preoperative symptomatic outcome was available for 284 (92%) patients and
postoperative outcome for 270 patients (87 %) at six months, 283 (92%) at one year, and
254 (82 %) at two years. Seventy patients from the Dutch trial had not yet reached three
and five-year follow-up, and were therefore excluded beyond two years. Eight patients
died during three- to five-year follow-up due to causes unrelated to fundoplication. Of
the remaining 234 patients, 184 (79%) and 195 patients (84%) completed three and
five-year follow-up respectively. This was after excluding patients who had undergone a
reoperation during five-year follow-up.

Baseline characteristics and objective outcome

Thirty-three patients (11%) were identified with pathological acid exposure and 276
(89%) with physiological acid exposure. There were no differences in age, BMI, presence
of comorbidities, or previous abdominal or thoracic surgery between the two groups
(Table 1 and 2). There were more patients with ASA score 3 in the group of patients with
pathological acid exposure (P=0.033). Preoperative heartburn scores (4.2 [3.1-5.3] vs 4.9
[4.5-5.3], P=0.31), dysphagia scores for liquids (1.3 [0.4-2.2] vs 0.8 [0.6-1.1], P=0.33) or
solids (2.1 [1.1-3.1] vs 2.0 [1.6-2.3], P=0.86), and Visick scores (Visick score 3-5: 100%
vs. 95%, P=0.32) were similar. A total of 253 patients (92%) were dependent on daily
acid suppressing medication preoperatively, with no differences between the two groups.

Preoperative upper gastrointestinal endoscopy demonstrated more patients with Bar-
rett's esophagus in the group with pathological acid exposure (10 [33%] vs 37 [16%],
P=0.017). Preoperative manometry demonstrated similar esophageal peristalsis and LES
resting pressures. Twenty-four-hour pH-monitoring revealed a similar preoperative total
percentage of time pH<4 (P=0.16). Pathological postoperative acid exposure was more
frequent after partial compared to Nissen fundoplication (25/156 [16%] vs 8/153 [5%],
P=0.002).

Routine postoperative upper gastrointestinal endoscopy demonstrated a higher pre-
valence of esophagitis among patients with pathological acid exposure (19% vs 6%,
P=0.029). Patients with pathological acid exposure demonstrated a lower mean con-
traction amplitude of the distal esophagus (60.3 vs 77.6, P=0.024), and a lower mean
LES pressure (16.4 mmHg vs 22.6 mmHg, P<0.001). Within the group of patients with
pathological postoperative acid exposure, there was no significant decrease in esopha-
geal acid exposure compared to the preoperative state (mean percentage of time pH<4

93



Chapter 5

12.1% preoperative to 10.3% postoperative, P=0.38). In 14 of these patients there was
an increase in total acid exposure compared to the preoperative state. Symptom analysis
did not demonstrate differences in correlation between symptoms and reflux events iden-

tified at pH-monitoring between the two groups (P=0.07; table 2).

TABLE 1. Baseline characteristics of patients with available routine postoperative 24-hour pH-

monitoring.

Sex (male)
Age (yrs.)
Body mass index (kg/m?)
Presence of comorbidities
Diabetes
Pulmonary
Renal
Cardiovascular
ASA-classification
I
I
I
v
Previous abdominal or thoracic surgery
Preoperative endoscopy
Studied
Esophagitis
Stricture
Barrett's
Hernia
Preoperative 24-hour pH-monitoring
Studied, n (%)
Pathologic total acid exposure

Total percentage time pH<4

94

Pathological acid
exposure
n=33

17 (52%)
50.1 (46.0-54.1)
27.5(24.5-30.5)

0 (0%
8(25%)
0 (0%)
7 (21%)

9 (31%)
15 (52%)
4 (14%)*
1(3%)
16 (50%)

31(94%)
12 (40%)
2 (7%)
10 (33%)"
18 (60%)

26 (79%)
22 (88%)
12.1(9.1-15.1)

Physiological acid
exposure
n=276

135 (49%)
59.5 (47.2-71.8)
28.7 (28.1-29.4)

6 (2.4%)
53 (22%)
8 (3%)
49 (18%)

89 (40%)
120 (54%)
11 (5%)
0(0%)
130 (50%)

238 (86%)
109 (46%)
6 (3%)
37 (16%)
130 (58%)

204 (74%)
180 (88%)
11.0(9.8-12.3)
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TABLE 1. Continued

Preoperative esophageal manometry

Studied, n (%)

Resting pressure distal esophagus (mmHg)
Amplitude distal esophagus (mmHg)

Primary peristalsis distal esophagus (%)

LES resting pressure, mmHg
Type of fundoplication

360° total

270° posterior partial

90° anterior partial

180° anterior partial

Pathological acid
exposure
n=33

25 (76%)
0.1(-1.6-1.7)
60.9 (37.5-84.2)
81.4 (68.8-94.1)
6.6 (2.2-10.9)

8 (24%)
8 (24%)
5(15%)
12 (36%)*

Physiological acid
exposure
n=276

240 (87%)
0.3 (-043-1.0)
63.9 (57.0-70.9)
88.2 (85.2-91.3)
8.2(7.2-9.2)

145 (53%)
40 (15%)

34 (12%)
57 (21%)

All data are expressed as n (%) or mean (95% confidence interval); LES= lower esophageal sphincter;
* P=0.020 pathological vs physiological acid exposure;  P=0.017 vs pathological acid exposure;

P=0.047 vs physiological acid exposure
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TABLE 2. Objective outcome of patients with postoperative pathological and physiological eso-

phageal acid exposure.

Pathological acid

Physiological acid

exposure exposure
n=33 n=276
Postoperative endoscopy
Studied 22 (67%) 188 (68%)
Interval, months 3.7 (2.8-4.6) 3.8 (3.5-4.2)
No esophagitis 10 (48%) 149 (81%)
Esophagitis 4 (19%)* 11 (6%)
Stricture 0 (0%) 1(1%)
Barrett's 7 (33%) 23 (13%)
Hernia 0 (0%) 7 (4%)
Insufficient fundoplication 1(7%) 0 (0%)
Postoperative 24-hour pH-monitoring
Interval, months 4.4 (3.8-5.1) 3.8(3.7-4.0)
Total percentage time pH<4 10.3(8.0-12.5)" 0.6 (0.5-0.7)
pH<4 between 4 to 7% 13 (19%) -
pH<4 more than 7% 20 (61%) -
SI>50%, no (%) 3(13%) 11 (4%)
Postoperative esophageal manometry
Studied 21 (64%) 236 (86%)
Interval, months 3.9(2.9-4.9) 3.7 (3.4.-3.9)
Resting pressure distal esophagus mmHg 0.3(-2.2-2.8) -1.0(-1.6—-0.4)

Amplitude distal esophagus, mmHg
Primary peristalsis distal esophagus

LES resting pressure, mmHg

60.3 (29.1-91.5)*
74.7 (43.5-106.0)
16.4 (7.8-25.1)%

77.6 (71.0-84.3)
86.4 (82.6-90.2)
22.6(20.5-24.8)

All data are expressed as n (%) or mean (SD) or n (%); Sl= % of reflux associated symptom
episodes; LES= lower esophageal sphincter; * P=0.029 vs physiological acid exposure; © P<0.001 vs
physiological acid exposure; ¥ P=0.024 vs physiological acid exposure; $ P<0.001 vs physiological acid

exposure; Sufficient fundoplication: n=57 data missing
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Symptomatic outcome

Postoperative symptomatic outcome is summarized in tables 3 and 4. Due to surgical
reintervention during follow-up, 11 and six patients with pathological and physiological
acid exposure respectively were excluded from further follow-up. Six months after surgery,
there was a significant decrease in heartburn score among patients with pathological
acid exposure (4.4 preoperative to 1.1 postoperative, P<0.001), with 21 patients (67 %)
reporting complete absence of heartburn. Of the 14 patients demonstrating an increase in
total acid exposure, only one (7%) reported an increase in heartburn score at six months
compared to the preoperative state, with 9 patients (65%) reporting a decrease in heart-
burn score. At all postoperative intervals, there were no differences in heartburn scores
between the two groups (figure 1). At one year, more patients with physiological acid
exposure were categorized with none or mild heartburn (VAS 0-6) compared to those with
pathological acid exposure (P=0.03). This difference was not sustained at two, three and
five years. There were no differences in dysphagia at all postoperative intervals. Although
significantly more patients with Barrett's esophagus were diagnosed with pathological
esophageal acid exposure, there were no differences in pre- or postoperative heartburn
scores between patients with vs. without Barrett's esophagus.

Satisfaction scores were similar for both groups. Only at one year, more patients with
pathological acid exposure were categorized as having a ‘fair and poor’ outcome (25.9%
vs 13.5%, P=0.04). Visick scores were similar and there was no difference in the number
of patients indicating that they considered their original decision to have surgery to be cor-
rect, with approximately 91% of the patients reporting they would again opt for surgery.

Recategorizing pathological and physiological acid exposure based on pH<4 for 7%
(n=20) and less than 7% (n=289) of the total time respectively, did not significantly alter
the previously described results, with no differences in heartburn and dysphagia scores
between the two groups, apart from a significantly higher dysphagia (0-45) score for
physiological acid exposure at three years (mean score 1.3 vs 8.5, P=0.029). Furthermore,
satisfaction scores, Visick scores or the number of patients indicating they who would still
opt for surgery in retrospect as well were similar.

There were no differences in use of acid suppressing drugs. At five years, 17% and
19% of the patients reported to use acid suppressing medication on a daily basis, which
was a significant reduction compared to the preoperative state for both groups (P=0.013
and P<0.001 respectively, figure 2).
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TABLE 3. Postoperative control of heartburn and presence of dysphagia during five-year

follow-up.

Visual analog scale heartburn
Mean score
95% C.I.
Heartburn, categorical
None or mild heartburn (0-3)
Moderate (4-6)
Severe (7-10)
Visual analog scale dysphagia
Liquids
Mean score
95% C.I.
Solids
Mean score
95% C.I.
Dakkak dysphagia score (0-45)
Mean
95% C.I.

Use of acid suppressing drugs

6-month postop

Path.

1.1
(0.2-2.0)

89.7%
3.4%
6.9%

0.7
(0.2-1.2)

1.9
(0.9-2.9)

8.1
(4.1-12.0)
25.9%

Phys.

0.5
(0.4-0.7)

94.1%
5.0%
0.8%

0.7
(0.5-0.9)

1.6
(1.3-1.9)

6.1
(5.0-7.1)
13.4%

1-year postop

Path.

1.4
(0.4-2.4)

81.5%
11.1%
7.4%

0.5
(0.1-0.9)

1.1
(0.3-2.0)

5.8
(2.3-9.2)
19.2%

Phys.

0.8
(0.6-1.0)

94.1%*
3.5%
2.4%

0.9
(0.6-1.1)

1.8
(1.5-2.0)

8.0
(6.8-9.2)
16.0%

All data are expressed as mean (95% confidence interval) or n (% of patients who responded to
questionnaire); Path.= pathological esophageal acid exposure; Phys.= physiological esophageal acid
exposure; * P=0.015 vs pathological acid exposure
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2-year postop

3-year postop

5-year postop

Path. Phys.
1.7 1.5
(0.7-2.6) (1.2-1.8)
77.3% 82.6%
18.2% 11.7%
4.5% 5.7%
0.6 1.1
(-0.5-1.1) (0.8-1.4)
1.6 2.1
(0.6-2.5) (1.8-2.4)
6.3 9.2
(2.7-9.8) (7.9-10.5)
30.0% 18.6%

Path. Phys.
1.7 1.4
(-0.1-3.5) (1.1-1.8)
91.7% 83.8%
0.0% 10.8%
8.3% 5.4%
0.7 1.0
(-0.3-1.6) (0.7-1.3)
1.0 2.2
(-0.5-2.5) (1.8-2.6)
5.0 8.5
(1.3-8.7) (7.1-10.0)
25.0% 15.7%

Path. Phys.
0.9 1.5
(0.2-1.6) (1.2-1.9)
100.0% 82.8%
0.0% 13.3%
0.0% 3.9%
1.2 1.2
(-0.3-2.6) (0.8-1.5)
1.4 2.3
(0.0-2.8) (1.9-2.7)
7.6 8.9
(2.7-12.4) (7.5-10.2)
16.7% 19.0%
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TABLE 4. Satisfaction score, Visick score and overall outcome during five-year follow-up.

6-month postop 1-year postop
Path. Phys. Path. Phys.

Satisfaction score (0-10)

Mean score 8.2 8.5 8.2 8.6

95% C.I. (7.1-9.3) (8.2-8.8) (7.2-9.2) (8.3-8.8)
Patient satisfaction, categorical

Excellent and good (7-10) 84.0% 88.2% 74.1% 86.5%

Fair and poor (0-6) 16.0% 11.8% 25.9%* 13.5%
Visick score

Visick 1 & 2 78.6% 78.2% 62.5% 80.2%

Visick 3, 4, & 5 21.4% 21.8% 37.5% 19.8%
Opt for surgery again

Yes 89.7% 94.9% 88.5% 90.0%

No 10.3% 5.1% 11.5% 7.6%

Unsure 0.0% 0.0% 0.0% 2.4%

All data are expressed as mean (SD) or n (% of patient