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ABSTRACT

Gastroesophageal reflux disease has become the most common gastrointestinal disorder in
the Western world. The currently prevailing surgical treatment, Nissen fundoplication, was
originally developed in 1955, and the laparoscopic technique was utilized for the first time
in 1991. There are few pragmatic studies presentinglong-term results of laparoscopic Nissen
fundoplication from routine clinical practice, and even though the treatment method is 60
years old, the longest follow-up studies are limited to 20 years.

This thesis consists of four independent articles. The aim of our first study (I) was to
describe the indications, operative technique, and annual rates of antireflux surgery at
Kanta-Hime Central Hospital after the dissemination of the laparoscopic technique.
The results showed that, after the introduction of the laparoscopic technique, the number
of antireflux operations rose markedly. Although only patients with objectively verified
GERD were treated, the rise in the operation rates was considered to be a result of the
broadening of the indications to include a wider range of patients. The operative technique
became more standardized towards the end of the 1990s.

Our second (II) and third (III) articles concerned the long-term results of laparoscopic
Nissen fundoplication at Kanta-Hime Central Hospital. In our second study (II), the aim
was to define the ten-year results as regards the health-related quality of life of our patient
cohort. The objective of our third study (III) was to describe the long-term durability of
surgical results in routine clinical practice, the impact of fibrin glue on the incidence of
surgical failure, and the subjective outcomes ten years after the operation. We found that
the health-related quality of life of the patient cohort was close to that of the Finnish general
population. The patient satisfaction was high, but dissatisfaction with the treatment was
associated with the decreased health-related quality of life. Flatulence and dysphagia were
the most common side effects of the treatment, while dysphagia was the most common
problem among the dissatisfied. Eighty-nine percent of the fundoplication wraps were
intact, and only 6% of the patients were unsatisfied with the results. The subjective and
objective long-term results were comparable to those published from more specialized
centers. For the first time, it was noted that the use of fibrin glue seemed to decrease the
incidence of defective fundoplication wraps in the long term.

In our fourth (IV) article, we aimed to present almost lifelong follow-up (>30 years)
after open Nissen fundoplication in terms of subjective outcomes and health-related quality
of life and to describe the indications for antireflux surgery before the laparoscopic era.
According to our results, a successful Nissen fundoplication may provide a lifelong control



of reflux symptoms, and the health-related quality of life of the patients was comparable
to that of the general population over 30 years after the operation. The indications for
the procedure reflected the practices of the time, and, in most of the patients, GERD was
objectively verified.

The results of this thesis suggest that laparoscopic Nissen fundoplication can provide
durable surgical results in routine clinical practice as well. In the case of successful surgery,
fundoplication may give the patient a lifelong relief of reflux symptoms, but the potential
risks and treatment-related side effects should be weighed cautiously when considering
operative treatment. These results provide information for physicians and patients when
weighing the benefits and harms of the treatment.



TIVISTELMA

Refluksitaudista on tullut yleisin mahasuolikanavan sairaus linsimaissa. Talld hetkelld
valtamenetelmini oleva kirurginen hoito, Nissenin fundoplikaatio, kehitettiin alun pe-
rin vuonna 1955, ja ensimmaiinen tihystysavusteinen fundoplikaatio tehtiin vuonna 1991.
Vaikka leikkausmenetelmd on jo 60 vuotta vanha, pitkdaikaistuloksia, jotka kuvaavat me-
netelman kiyteod valikoimattomissa potilasaineistoissa, on julkaistu vahan. Pisimmat seu-
rantatutkimukset rajoittuvat ylipditain 20 vuoteen.

Tamai viitoskirjatyo koostuu neljasti vertaisarvioidusta alkuperiisartikkelista. Ensim-
miisessd osatydssi (I) tavoitteemme oli kuvata leikkaushoidon aiheet, leikkaustekniikka
sekd vuotuiset leikkausmairit Kanta-Himeen keskussairaalassa tihystysavusteisen leik-
kaustekniikan kayttoonoton jilkeen. Tuloksiemme mukaan leikkausmiarit lisadntyivat
merkittavisti tahystysleikkausten my6ta. Vaikka leikkausaiheena oli objektiivisilla tutki-
musmenetelmilld todettu refluksitauti, leikkausmairin kasvamisen katsottiin johtuvan
leikkausaiheiden laajenemisesta koskemaan suurempaa potilasjoukkoa. Leikkaustekniik-
ka kehittyi standardoidummaksi 90-luvun loppua kohti.

Toinen (II) ja kolmas (III) osatydmme kisittelivit Kanta-Himeen keskussairaalassa ti-
hystysavusteisesti fundoplikaatio-leikattujen potilaiden pitkiaikaistuloksia. Toisessa (II)
osatydssd tavoitteemme oli mairitelld leikkauspotilaiden eliminlaatu kymmenen vuotta
leikkauksen jilkeen. Kolmannessa (III) osatydssi halusimme selvittidd leikkaustuloksen
kestdavyyttd valikoimattomassa potilasaineistossa, fibriiniliiman vaikutusta leikkaustu-
lokseen sekid potilaiden oireilua ja tyytyviisyyttd. Tutkimustemme mukaan leikkauspo-
tilaiden eliminlaatu oli lihes vastaava kuin suomalaisella verrokkiviestolli. Suurin osa
potilaista oli tyytyviisid leikkaustulokseen, mutta tyytymittomyys oli yhteydessa alentu-
neeseen eliminlaatuun. Ilmavaivat ja nielemisvaikeudet olivat yleisimpii hoitoon liittyvia
sivavaikutuksia, ja nielemisvaikeudet olivat yleisin ongelma tyytymattomilld potilailla.
Ehjiksi todettiin 89 % fundoplikaatio-manseteista, ja vain 6 % potilaista ilmoitti olevansa
tyytymiattomii leikkaustulokseen. Subjektiivisten ja objektiivisten tulosten katsottiin ole-
van vastaavat kuin aiemmin raportoidut, pidemmalle erikoistuneista yksikoista julkaistut
tulokset. Ensimmaist kertaa fibriiniliiman kiyton vaikutus yhdistettiin leikkaustuloksen
pettimistd vihentaviksi tekijiksi pitkdaikaisseurannassa.

Neljinnessi (IV) osatyossd halusimme selvittdd Tampereen yliopistollisessa sairaalassa
yli kolmekymmenti vuotta aiemmin avomenetelmilli leikattujen potilaiden subjektiivi-
set leikkaustulokset, elimianlaadun sekd ennen tihystysaikakautta kiytossa olleet leikka-
usaiheet. Tuloksemme antavat viitteitd siitd, ettd onnistuneen Nissenin fundoplikaatio



leikkauksen jilkeen potilaat saattavat saada elinikdisen avun refluksioireiluun. Potilaiden
eliminlaatu todettiin vastaavaksi kuin suomalaisen verrokkivieston yli kolmekymmenti
vuotta leikkauksen jilkeen. Leikkausaiheiden katsottiin heijastavan 80-luvulla vallinneita
kiytintoja. Suurimmalla osalla potilaista oli objektiivisesti varmistettu refluksitauti.

Tahystysavusteisella Nissenin fundoplikaatiolla on saavutettavissa kestava leikkaustu-
los my6s valikoimattomissa potilasaineistoissa. Onnistuneella leikkaustuloksella on mah-
dollisesti saavutettavissa elinikidinen helpotus refluksioireiluun, mutta leikkaukseen liit-
tyvit potentiaaliset riskit ja sivuvaikutukset on otettava huomioon mietittiessi kirurgista
hoitoa hoitovaihtoehtona. Seki kirurgit ettd potilaat voivat hyodyntdd timin viitoskirjan
tuloksia arvioidessaan hoitoon liittyvid hy6tyja ja haittoja.
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EAC
BE
ERD
GEJ
GERD
GERD-HRQL
GSRS
HRQoL
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LAF
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NERD
ONF
PPI
RCT
SE-36
SGVs
SAP

SI

SSI
VAS
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erosive reflux disease

gastroesophageal junction
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health-related quality of life

intestinal metaplasia

Los Angeles

laparoscopic partial anterior fundoplication
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laparoscopic Nissen fundoplication
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proton pump inhibitor

randomized controlled trial
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17 INTRODUCTION

Gastroesophageal reflux disease (GERD) causes a notable burden on health care resources,
as the disease has become the most common gastrointestinal disorder in the Western world
(Peery et al. 2015). Approximately 10%-30% of people report weekly symptoms (Diaz-
Rubio etal. 2004; El-Serag et al. 2004; Isolauri and Laippala 1995; Ronkainen et al. 2005b).
The two main treatment alternatives for GERD are medical and surgical treatment.

The prevailing surgical treatment, Nissen fundoplication, was originally discovered
in 1955 by Rudolph Nissen (Nissen 1956a). The less-invasive laparoscopic technique was
introducedin 1991 (Dallemagne etal. 1991). The laparoscopic approach has since established
a position as the gold standard for antireflux surgery, and the number of antireflux
procedures multiplied in many countries after the dissemination of laparoscopic Nissen
fundoplication (LNF) during the 1990s (Finks et al. 2006; Rantanen et al. 2008; Sandbu
and Sundbom 2010). The reflux control and the amelioration of typical reflux symptoms
have been reported to be similar or slightly in favor of LNF in the studies comparing LNF
and proton pump inhibitor (PPI) treatment with mid-term follow-up (Anvari et al. 2011;
Galmiche et al. 2011; Mehta et al. 2006).

However, there are some treatment-related side effects associated with LNF, as the
majority of patients report increased bloating and flatulence, and approximately one third
to half of the patients have persistent dysphagia of some degree (Broeders et al. 2009b;
Kellokumpu et al. 2013; Morgenthal et al. 2007b; Salminen et al. 2012). In addition,
questions concerning the long-term efficacy of the surgical treatment have arisen, since a
high number of patients have been reported to reinstate antisecretory medication after LNF
(Broeders et al. 2009b; Lodrup et al. 2014; Morgenthal et al. 2007b; Salminen et al. 2012).
Even though the number of antireflux procedures has decreased in the 21st century and the
majority of GERD patients are treated medically with PPIs (Finks et al. 2006; Sandbu and
Sundbom 2010), there is a demand for surgical treatment in carefully selected patients, as a
proportion of medically managed patients experience breakthrough symptoms and are not
unequivocally satisfied with the PPIs (Chey et al. 2010). The most important indication for
antireflux surgery is the failure of medical treatment in patients with objectively verified
GERD (Kabhrilas et al. 2008; Stefanidis et al. 2010; Zerbib et al. 2013).

The long-term results of Nissen fundoplication are needed to enable the patients,
who usually seck improvement in their quality of life, as well as the operating surgeons
to weigh the benefits and harms of the treatment which irreversibly alters the anatomy of
the gastroesophageal junction (GEJ). Most of the studies reporting results of antireflux

13



surgery are from highly specialized centers, but a significant proportion of the operations
are performed at the general level in smaller hospitals (Sandbu et al. 2002; Varban et al.
2011; Viljakka et al. 1997).

This study depicts the long-term results of LNF in routine clinical practice and the
results of Nissen fundoplication with a follow-up of more than 30 years. The effect of the
wide-scale adoption of the laparoscopic technique is assessed in light of the indications and

operation rates.
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2 REVIEW OF THE LITERATURE

2.1 The history of reflux disease

“I hope that the memoir will be useful to the future student of Diaphragmatic Hernia, but
the examination of it can never afford any one a tithe of the pleasure or profit the original
preparation of it afforded me,” stated Henry I. Bowditch in his 1853 monography in which
he reviewed contemporary knowledge about hiatal hernia. He went through all the 88
cases of hiatal hernia published in the medical literature between 1610-1846 (Bowditch
1853). The diagnosis of hiatal hernia advanced in the x-ray era. In 1900 Hirsch diagnosed a
hiatal hernia using x-rays and a mercury-filled balloon prior to autopsy. In 1904 Eppinger
diagnosed a hiatal hernia for the first time in alive patient (Schwarz 1967). In 1926 Akerlund
proposed the term hiatus hernia instead of diaphragmatic hernia and subdivided hiatal
hernias into three distinct types: 1) hernias with a shortened esophagus (sliding hernia),
2) paraesophageal hernias, and 3) hernias not included in 1 and 2 (Akerlund et al. 1926).
Rokitansky was the first to suggest in 1855 that gastric juice may cause inflammation of
the lower esophagus (Nissen 1981), but the assumption was not confirmed until 1935 by
Asher Winklestein, who defined reflux esophagitis clinically (Winklestein 1935). Philip
Allison came to the conclusion that esophageal peptic ulcers were caused by hiatal hernias,
because the hernias allowed acid gastric juice to flow in to the esophagus (Allison 1946).
The term reflux esophagitis was introduced in 1950 by Norman Barrett, who also noted
that it was a common condition and contemplated that strictures in the lower part of the
esophagus were of gastric origin (Barrett 1950). For years, the inflammation and strictures
of the lower esophagus were considered to be a result of abnormal anatomy of the structures
surrounding the paraesophageal junction and, particularly, due to a hiatal hernia. In 1968
Eddie Palmer questioned the relationship between esophagitis and hiatal hernia in a study
in which he observed that many patients with hiatal hernias were asymptomatic and, on the
other hand, esophagitis could be found in patients without hiatal hernias (Palmer 1968).

2.2 The development of antireflux surgery

The first surgical procedures for GERD were derived from the impression that the
pathogenesis was of anatomic and mechanical nature, and hence the surgery focused
on hernia repair. In 1919 Soresi published the elective surgical repair of a hiatal hernia.

15



He described the original abdominal approach to the hiatus. The procedure contained
the reduction of the hernia and closure of the opening of the diaphragm (Soresi 1919).
In 1950 Sweet published a transthoracic technique in which the hernia was reduced, the
phrenic nerve was crushed, and the hernia sac was plicated. In addition, the hiatus was
narrowed (Sweet 1950). As the understanding behind the pathogenesis of GERD shifted
from the anatomic and mechanical to a functional and physiologic nature, the surgery
evolved as well. In 1951 Allison stated that GERD symptoms were related to the abnormal
physiology at the cardia and the incompetence of the GEJ was linked to reflux esophagitis.
He considered a sliding hernia as the cause of the incompetence. In his transthoracic
operative technique, the hiatal reduction was achieved by incising and resuturing the
phrenoesophageal ligament and peritoneum to the abdominal aspect of the diaphragm,
and the approximation of the diaphragmatic crura behind the esophagus (Allison 1951).
Barrett considered the restoration of the cardioesophageal angle the key point in GERD
surgery along with hernia reduction. He recommended diminishing the esophageal hiatus

when needed (Barrett 1954).

2.2.1 Nissen fundoplication

Fundoplication emerged gradually over the years. In 1936 Rudolph Nissen treated a patient
with a distal esophageal ulcer penetrating into the pericardium. In the procedure, he
transpleurally resected the distal esophagus and cardia and inserted the esophageal stump
into the fundus. In addition, he implanted the distal part of the esophagus into the anterior
wall of the gastric body. The patient survived, and the reflux symptoms were noted to have
been abolished in the follow-up (Nissen 1937). In 1946 Nissen operated on a colleague
suffering from a paraesophageal hernia. He used a transabdominal approach, reduced
the hernia, and performed an anterior gastropexy. The patient recovered and became
asymptomatic. Nissen thought the success of the procedure was due to the increase in the
angle of the His (Nissen 1956b).In 1955 Nissen performed the first fundoplication for reflux
esophagitis (Figure 1). He used an abdominal approach, divided the phrenoesophageal
ligament, and mobilized the esophagus. The gastric fundus was brought behind the stomach
through an opening made by dividing the gastrohepatic ligament. Both the anterior and
posterior walls of the stomach were utilized in making a 360-degree fundoplication around
the lowest 6 cm of the esophagus. Four or five sutures were used, one or more of which were
also fixed to the esophagus. A large-bore intraesophageal stent was used when performing

the wrap (Nissen 1956a).

16



Normal Nissen
stomach

Dor Toupet

Figure 1. Nissen, Dor, and
Toupet fundoplications

2.2.2 Moadifications of Nissen fundoplication

Since the introduction of the original Nissen fundoplication, many modifications and
developments have been created. In 1977 Rossetti, a student of Nissen, published an anterior
wall technique, in which a complete loose wrap was achieved by using only the anterior
part of the fundus after mobilizing more completely the posterior wall of the stomach from
the diaphragm and the left crus. Nissen-Rossetti fundoplication is still commonly applied
(Rossetti and Hell 1977). The year 1977 also saw another important technical variation
presented, as Donahue described the loosening of the wrap by dividing the upper short
gastric vessels (SGVs) along with full mobilization of the posterior fundus and GEJ. The
method is known as the floppy Nissen (Donahue et al. 1977). In 1986 DeMeester described
a technique in which both posterior and anterior aspects of the fundus were utilized, a
routine hiatoplasty was performed, and the SGVs were ligated. A significant development
was to shorten the wrap from 4 cm to 1 cm in order to prevent postoperative dysphagia.
Also, the caliber of the intracsophageal bougie to calibrate the tightness of the wrap was
increased, and teflon felt pledgets were used to strengthen the wrap sutures along with the
fixation of the wrap to the esophagus. DeMeester proposed that routine use of the floppy
Nissen might improve the postoperative esophageal clearance (DeMeester et al. 1986).
The first laparoscopic Nissen fundoplication (LNF) was reported in 1991 by Dallemagne
(Dallemagne et al. 1991).
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2.2.3 Belsey-Mark IV, Collis gastroplasty, partial fundoplications,
Hill posterior gastropexy, Roux-en-Y

In the late 1940s, Belsey began to develop antireflux surgery in a series of technical
developments. His main idea was to reduce the cardia well below the diaphragm to
maintain the cardiophrenic angle and thus secure the competence of the lower esophageal
sphincter (LES). After piloting with three different techniques, he adopted the Belsey-Mark
IV procedure in 1952. The Belsey-Mark IV is a transthoracic anterior 270-degree partial
fundoplication, where the wrap is fixed to the distal esophagus and to the undersurface
of the diaphragm. Belsey published the results in 1961 and 1967 only after he had been
convinced of the effectiveness of the procedure in the long term (Hiebert and Belsey 1961;
Skinner and Belsey 1967). In 1957 Collis published a gastroplasty procedure for irreducible
hernias with a short esophagus and strictures (Figure 2). In the procedure, the fundus is
incised in line with the esophagus for the proximal part of the lesser curvature to then form
the lower part of the esophagus. The technique was recommended especially for the frail
and the aged (Collis 1957). The reflux control was not optimal, and complications were
linked to the technique, but it was later combined with the Belsey (Pearson et al. 1971) and
Nissen operations (Orringer and Sloan 1978). In an effort to minimize the postoperative
side effects troubling patients after fundoplication, with dysphagia in particular, partial
fundoplications have been proposed. In 1962 Dor reported an anterior 180-degree
fundoplication in which the wrap covers the anterior aspect of the distal esophagus and is
fixed to the edges of the diaphragm (Figure 1) (Dor et al. 1962). In 1963 Toupet described
a 270-degree posterior fundoplication (Figure 1). In Toupet’s technique, the esophagus
and the posterior gastric aspect are mobilized, followed by the anchoring of the left and
right sides of the wrap to the anterior wall of the distal esophagus and the edges of the
hiatus (Toupet 1963). In 1967 Hill published his posterior gastropexy for an antireflux
procedure after analyzing manometry and pH recordings along with cadaver studies. He
had come to the conclusion that, in order to restore the angle of His, the phrenoesophageal
bundles should be reapproximated and anchored to the median arcuate ligament (Hill
1967). Hill continued his studies on gastroesophageal reflux and, later on, described the
gastroesophageal flap valve mechanism (Hill et al. 1996). Roux-en-Y partial gastrectomy
with vagotomy has been used in the surgical treatment of severe GERD with esophageal
manifestations (Salminen et al. 1997; Salo et al. 1991) and with obese patients (Nadaleto et
al. 2016) as well as with reoperations after failed antireflux procedures (Matikainen 1984;
Williams et al. 2007).

2.2.4 Recent developments in antireflux procedures

Several less-invasive techniques have been introduced to treat GERD. For the restoration of
the function of the antireflux barrier, at least three different gastroscopy-assisted strategies
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Figure 2. Collis gastroplasty

have been proposed: 1) radiofrequency ablation, in which radiofrequency energy is applied
to the GEJ; 2) endoscopic fundoplication, making plication or sutures with commercially
available devices; and 3) the insertion of material to the GEJ to form a barrier against reflux.
There have been safety, efficacy, and durability issues considering many of the methods,
and none of the techniques have surpassed LNF in reflux control (Lo and Mashimo 2015;
Pandolfino and Krishnan 2014). Besides the endoluminal techniques, a magnetic sphincter
augmentation system has been introduced to restore the competency of the LES. The device
consists of a chain of titanium beads, which form a ring that is placed around the esophagus
at the level of the LES laparoscopically. Long-term results for the method are not available,
and the antireflux efficacy seems poorer than that of LNF (Zak and Rattner 2016).

2.3 Indications for surgery

According to the 2008 medical position statement of the American Gastroenterological
Association (AGA), the indication for antireflux surgery is a failure of PPI treatment
in patients with objectively verified GERD, especially in the case of persistent difficult
regurgitation. Patients with refractory extracsophageal GERD syndromes might also
benefit from surgery, when the reflux causality has been confirmed as thoroughly as
possible (Kahrilas et al. 2008). The failure of medical treatment has been emphasized in
recent guidelines by other authors as well (Stefanidis et al. 2010; Zerbib et al. 2013). The
patients with PPI failure are not a uniform group, and there is strong agreement that the
reflux-symptom correlation must be established in order to opt for surgery (Fisichella and
Patti 2014; Kahrilas et al. 2008; Lundell 2014; Stefanidis et al. 2010; Zerbib et al. 2013).
Surgery has also been recommended for patients with PPI-responsive and objectively
verified GERD (Fisichella and Patti 2014), as the surgery has been documented to be
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successful in such cases (Anvari et al. 2011; Campos et al. 1999; Galmiche et al. 2011;
Morgenthal et al. 2007a). According to the AGA, these patients should be treated with
medication, as the medical treatment is considered safer than the operative treatment and
the patients may become troubled by some newly-onset symptoms, such as dysphagia, an
inability to belch, flatulence, and postoperative intestinal symptoms (Kahrilas et al. 2008).

While most GERD patients can be treated with antisecretory medication, there are some
issues concerning conservative treatment even in the case of objectively verified GERD.
The response of regurgitation to PPI therapy has been documented to be poor compared
to that of heartburn (Kahrilas et al. 2011). Objectively verified GERD is recognized as a
chronic condition, and relapses occur unless repeated or continuous medication is used
(Hallerback et al. 1994; Isolauri et al. 1997b; Sontag et al. 2006; Vigneri et al. 1995)—
yet, in the long term, it was noted that many of the patients became asymptomatic with
conservative treatment (Isolauri et al. 1997b). Some patients may not want life-long
medication, or compliance with the medical treatment is otherwise poor (Hungin et al.
1999). It has been measured in the US that approximately 30% of heartburn patients
experience at least weekly breakthrough symptoms despite the use of PPIs and that 35% are
not unequivocally satisfied with the medication (Chey et al. 2010). Albeit extremely rare,
there are some proposed complications related to long-term PPI use, such as an increased
risk of fractures due to decreased calcium uptake and osteoporosis, clostridium-difhcile-
associated diarrhea, hypomagnesemia, respiratory infections, chronic kidney disease,
dementia, myocardial infection, small intestinal bacterial overgrowth, micronutrient
deficiencies, and gastrointestinal malignancies (Cundy and Mackay 2011; Fohl and Regal
2011; Freedberg et al. 2017; Kwok et al. 2012; Moayyedi et al. 2013). Despite the large
number of suggested adverse events, the quality of evidence on the subject is low or very
low, and the benefits of PPI use for the right indications outweigh the risks (Freedberg et
al. 2017).

2.4  The incidence of antireflux surgery

The introduction of LNF increased the number of antireflux procedures performed in
Finland (Rantanen et al. 2008; Viljakka et al. 1997). The same development has also been
noticed in the US and Sweden (Finks et al. 2006; Sandbu and Sundbom 2010). After the
1990s, the surgery rates have declined closer to the numbers of the pre-laparoscopic era. The
fundoplication rate in Finland was 8.8 per 100 000 inhabitants in 1988, 12.8 per 100 000
inhabitants in 1992, and peaked at 27.4 per 100 000 inhabitants in 1999 (Rantanen et
al. 2008; Viljakka et al. 1997). The number of laparoscopic operations rose since 1992,
with no change in the number of open operations (Rantanen et al. 2008). In the US, the
number of antireflux procedures for adults was 6.6 per 100 000 inhabitants in 1994. After
1994, the rates climbed steadily until peaking in 1999 at the level of 15.7 per 100 000
inhabitants. After 1999, the number of operations declined substantially to 11 operations
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per 100 000 inhabitants in 2003. Between 1999 and 2003, there was no difference in the
proportion of operations managed laparoscopically (69% vs. 68%) (Finks et al. 2006). In
Sweden, 720 antireflux operations were performed in 1991. After the introduction of LNF,
the numbers peaked in 1997 when the number of antireflux operations was 1035. Since
then, the number of antireflux procedures has declined steadily in Sweden, and a return
to below the initial level was seen in 2007, when only 531 procedures were performed. The
number of open operations has remained stable in Sweden for the last decade, while the
number of laparoscopic antireflux procedures has declined from the peak level of 1077 in
1998 to 375 in 2007 (Sandbu and Sundbom 2010). It has been proposed that the rise in the
prevalence of antireflux surgery after the introduction of LNF may have stemmed in part
from the enthusiasm of the surgeons to offer the surgical management and the patients’
more willing acceptance of the less-invasive technique (Rantanen et al. 2008; Sandbu and
Sundbom 2010; Viljakka et al. 1997). The decline in the number of antireflux procedures
has been speculated to be a result of uncertainty of the overall benefits of the procedure,
as well as effective medical treatment (PPIs) as an alternative to surgical treatment and the
rapid growth of bariatric surgery (Finks ct al. 2006).

2.5 Preoperative work-up

When considering operative treatment, a careful preoperative assessment should be run.
The preoperative examinations can be categorized into anatomical (endoscopy, barium
esophagram) and functional (pH and impedance monitoring, manometry) studies. Upper
gastrointestinal endoscopy can be used to assess the anatomy of the proximal gastrointestinal
tract, and erosive reflux disease (ERD) may be revealed. Manometry can exclude motor
disturbances of the esophagus, such as achalasia. In the case of non-crosive reflux disease
(NERD), the reflux may be discovered by using pH or impedance monitoring (Kahrilas et
al. 2008; Stefanidis et al. 2010; Zerbib et al. 2013).

2.51 Symptoms

Typical symptoms of reflux syndrome are heartburn and regurgitation. More infrequent
symptoms are dysphagia, epigastric pain, and sleep disturbances. In addition, GERD is
related to extraesophageal syndromes such as cough, laryngitis, asthma, and dental erosions.
The pathology of these atypical symptoms is often multifactorial, while GERD may just be
an aggravating cofactor. GERD has also been linked to sinusitis and pulmonary fibrosis
(Vakil et al. 2006).

The prevalence of weekly heartburn and/or regurgitation is reported to be 18.1%—
27.8% in the US (El-Serag et al. 2004; Jung et al. 2007) and 9.8%-25.9% in Europe
(Diaz-Rubio et al. 2004; Isolauri and Laippala 1995; Ronkainen et al. 2005b). Moreover,
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32%-66% of people report monthly or annual symptoms (Diaz-Rubio et al. 2004; Isolauri
and Laippala 1995; Ronkainen et al. 2005b). The accuracy of diagnosing GERD directly
on the basis of heartburn and/or regurgitation is poor. The sensitivity and specificity of
symptom-based diagnosis are reported to be 49% and 74%, respectively, when the diagnosis
is verified by means of endoscopy, pH monitoring, and a positive response to PPIs (Dent
et al. 2010). Moreover, although GERD is a common condition and the majority of the
Western populations have at least annual GERD symptoms, there is notable overlap with
the symptoms of GERD and irritable bowel syndrome as well as with functional dyspepsia
(Gasiorowska et al. 2009; Jung et al. 2007; Lacy et al. 2012). Roughly estimated, 10% of
patients suffering from reflux symptoms have functional dyspepsia (Savarino et al. 2008).
Achalasia may also cause similar symptoms to GERD (Anderson et al. 2006). A two-week
treatment test with PPIs does not significantly enhance the diagnostic accuracy (Bytzer et
al. 2012; Dent et al. 2010).

2.5.2 Health-related quality of life assessment in GERD patients

In the Montreal definition and classification of GERD, it was stated that "GERD is
a condition which develops when the reflux of stomach contents causes troublesome
symptoms and/or complications,” and, furthermore, "symptoms related to gastroesophageal
reflux become troublesome when they adversely affect an individual’s well-being” (Vakil et
al. 2006).Hence, by definition, GERD has an impact on the quality of life.

There are basically three different kinds of instruments to measure the quality of
life: generic, disease-specific, and symptom severity scales. Health-related quality of life
(HRQoL) refers to those aspects of the overall quality of life that affect the physical or
mental health. HRQoL can be defined as an individual’s or group’s perceived physical and
mental health over time (Centers for Disease Control and Prevention 2002). In general,
the disease-specific instruments and symptom severity scales measure changes in the states
of diseases and symptoms without including actual multidimensional questions relating
to HRQoL. General HRQoL instruments do facilitate comparisons between different
groups, but may not be sensitive enough to detect changes in states of health if the disease’s
effect on the overall quality of life is only limited (Chassany et al. 2008).

The HRQoL of GERD patients has been documented as being impaired using both
generic and disease-specific instruments (Anvari and Allen 2003; Anvari et al. 2011; Djerf
etal. 2016; Kamolz et al. 2005; Revicki et al. 1998a; Tosato et al. 2012; Wang et al. 2008).
Compared to a general population, the values of pain, emotional well-being, and social
function are the most disturbed in GERD patients. There is a correlation between the
frequency and severity of GERD symptoms and a patient’s functioning and well-being
(Revicki et al. 1998a).

The number of instruments for measuring the subjective status of a GERD patient
is substantial. Visual analogue scale (VAS) scores provide an easy and straightforward
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instrument for grading any symptom (Reading 1989). The Demeester-Johnson reflux
scale is commonly used to measure heartburn, regurgitation, and dysphagia in follow-up
studies (Demeester et al. 1976). Two popularly used disease-specific symptom scales are the
Gastrointestinal Symptom Rating Scale (GSRS) and the Visick score (Revicki et al. 1998b;
Visick 1948). Of the general HRQoL instruments, the Medical Outcomes Study 36-Item
Short Form Health Survey (SF-36) and 15D are widely used (Sintonen 2001; Ware et
al. 1993). The 15D values of the general Finnish population have been updated regularly
(Koskinen et al. 2012).

2.5.3 Endoscopy

In endoscopy, esophagitis, hiatal hernias, strictures, the appearance of the LES, and
endoscopic Barrett’s esophagus (BE) can be noted and biopsies taken. Endoscopy also has
a role in the differential diagnosis of patients with GERD symptoms, as other conditions,
such as malignancies, can be ruled out (Fisichella and Patti 2014; Stefanidis et al. 2010).
The gastroesophageal flap valve can be graded according to the classification presented by
Hill (Hill et al. 1996; Figure 3). A positive correlation has been noted between increased
grading and esophageal acid exposure as well as hiatal surface area size (Koch et al. 2013).

Grade Il

Normal ridge of tissue approximates Ridge is shightly less well defined Ridge is effaced and the hiatus Hiatus is wide open at all times and the
closely to the scope and opens with respiration is patulous sphincter is displaced axdally

Figure 3. The Hill classification of the gastroesophageal flap valve (Hill et al. 1996). Reprinted with
permission.



2531 ERD

Approximately 24% of patients with typical reflux symptoms have ERD (Martinez et al.
2003; Ronkainen et al. 2005b). The esophageal mucosal injury is highly specific to GERD,
but the sensitivity of endoscopy is low (Fuchs et al. 1987; Stein et al. 1992a). Currently,
the Los Angeles (LA) classification of esophagitis is widely used to classify esophagitis
(Armstrong ct al. 1996; Lundell et al. 1999; Table 1). The Savary-Miller classification was
commonly applied previously (Savary and Miller 1977; Table 2). It has been argued that
there can be notable inter-observer variability in grading endoscopic findings (Nasseri-

Moghaddam et al. 2007).

Table 1. The Los Angeles classification of esophagitis (Lundell et al. 1999)

Grade A One (or more) mucosal break no longer than 5 mm that does not extend between the
tops of two mucosal folds

Grade B One (or more) mucosal break more than 5 mm long that does not extend between the
tops of two mucosal folds

Grade C One (or more) mucosal break that is continuous between the tops of two or more
mucosal folds but which involves less than 75% of the circumference

Grade D One (or more) mucosal break which involves at least 75% of the esophageal
circumference

Table 2. The Savary-Miller classification of esophagitis (Savary & Miller 1977)

Grade | One or several non-confluent erosions

Grade Il Several confluent erosions

Grade lI Confluent erosions, surrounding the esophageal circumference
Grade IV Ulcer(s), strictures, shortening of the esophagus, Barrett’s esophagus

A meta-analysis found the mean healing proportion, irrespective of drug dose or treatment
duration, in ERD to be 84%#+11%(sd) when treated with PPI therapy (Chiba et al. 1997).
Although the patients with ERD have a higher risk of developing strictures than other
dyspeptic patients referred to endoscopy (Hvid-Jensen et al. 2011a), the incidence of
strictures has been decreasing at the same time as the use of PPIs has increased (Ruigomez
etal. 2006). Complications are rare, but the recurrence of the mucosal damage is common
when the therapy is interrupted (Sontag et al. 2006).

2532 NERD

In NERD, no mucosal breaks can be seen upon endoscopy, while patients suffer from
troublesome reflux-associated symptoms (Vakil et al. 2006). The majority of GERD
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patients belong to this group, and the challenge is to differentiate between those with true
reflux-based symptoms and those with variable other disorders. In 68%-76% of patients
reporting typical reflux symptoms, no signs of active inflammation can be detected in
endoscopy, and the macroscopical findings are normal in 35%-48% (Martinez et al. 2003;
Ronkainen et al. 2005b). A large proportion (42%-63%) of symptomatic patients with
negative endoscopy findings have a pathological 24-hour pH monitoring values (Lind et
al. 1997; Martinez et al. 2003; Savarino et al. 2008), and 27%-37% of those with normal
acid exposure have a positive symptom correlation with acid reflux (acid hypersensitivity)
(Kline et al. 2008; Martinez et al. 2003; Savarino et al. 2008). The PPI response of NERD
patients has been considered poorer than that of ERD patients, but a recent meta-analysis
suggested that the poor response rate has been due to wrong inclusion criteria, as it was
found that the pooled estimate of the complete relief of reflux symptoms after four weeks
of therapy was 0.72 in ERD patients vs. 0.73 in NERD patients (positive pH test) vs. 0.50
in empirically treated patients vs. 0.49 in patients considered as NERD patients with no
pH testing (Weijenborg et al. 2012).

2.5.3.3  Functional heartburn and reflux hypersensitivity

The Rome IV diagnostic criteria for functional heartburn are: 1) burning retrosternal
discomfort and pain, 2) no symptom relief despite optimal antisecretory therapy, 3)
absence of evidence that gastroesophageal reflux (abnormal acid exposure and symptom
reflux association) or eosinophilic esophagitis is the cause of symptoms, and 4) absence of
major esophageal motor disorders (achalasia/EG]J outflow obstruction, diffuse esophageal
spasm, jackhammer esophagus, absent peristalsis). All of the above must be included, and
the criteria must be fulfilled for the last 3 months, with symptom onset having occurred
at least 6 months before diagnosis with a frequency of at least twice a week (Aziz et al.
2016). While the diagnostic methods have evolved, the proportion of patients given
the diagnosis of functional heartburn has decreased (Bredenoord et al. 2006; Savarino
et al. 2008), but, on the other hand, reflux hypersensitivity is included in the Rome IV
criteria for functional esophageal disorders, as the pathogenesis of heartburn in reflux
hypersensitivity is considered similar as that in functional heartburn (Aziz et al. 2016).
Hypersensitivity includes allodynia and hyperalgesia and may consist of peripheral, central,
and psychological factors (Zerbib et al. 2012). The morphological changes found in GERD
are absent, and the heartburn may arise despite the mucosa being intact in contrast to
GERD (Triantos et al. 2015). Also, the cortico-cerebral processing of esophageal signals to
stimuli may be different between healthy subjects and patients with GERD and functional
heartburn (Zerbib et al. 2012). There is overlap with reflux hypersensitivity and NERD
patients, and it has been proposed that, in the future, a histological analysis of esophageal
biopsies might further differentiate between the diagnoses (Triantos et al. 2015).
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2534  Barrett's esophagus

Barrett’s esophagus refers to a transformation of the normal stratified squamous epithelium
of the distal esophagus to columnar epithelium. GERD associates strongly with esophageal
adenocarcinoma (EAC) (Lagergren et al. 1999), and BE is considered a premalignant
condition which can develop into adenocarcinoma (Bennett et al. 2015; Fitzgerald et al.
2014).

The reported prevalence of BE has been 0.4%-1.6% in unselected populations (Cameron
etal. 1990; Ronkainen et al. 2005a). Of those with and without reflux symptoms, 2.3% and
1.2%, respectively, were diagnosed with BE, while the prevalence in a general population was
1.6% (Ronkainen et al. 2005a). It seems that the prevalence of BE is also significant among
those with no GERD history (Cameron et al. 1990; Ronkainen et al. 2005a; Voutilainen
etal. 2000), but a more severe form of GERD appears to increase the prevalence of BE, as it
was noted in a study concerning patients with reflux symptoms that the overall prevalence
of BE was 8.4%, while the prevalence of BE in patients with ERD was 14% (Malfertheiner
et al. 2005). The incidence of BE seems to be rising in Western countries (Coleman et al.
2011). BE has been associated with alcohol, smoking, hiatal hernia, esophagitis, male sex,
and age (Ronkainen et al. 2005a; Voutilainen et al. 2000).

The definition of the term Barrett’s esophagus has varied, and there is no universal
consensus on the diagnostic criteria of BE. There is agreement on the requirement of
endoscopic identification of columnar mucosa in the esophagus, but the histological
features differ in various diagnostic criteria (American Gastroenterological Association et
al. 2011a; Bennett et al. 2015; Fitzgerald et al. 2014).

Chronic reflux and inflammation in the esophagus are thought to convert the squamous
epithelium to a mucinous columnar epithelium of gastric type. The gastric epithelium can
further biochemically intestinalize and start to express cells that are intestine-specific, such
as goblet cells (Odze 2011). The dispute over the diagnostic criteria of BE focus mainly
on whether intestinal metaplasia (IM) and the presence of goblet cells are required for
the diagnosis or not. The former impression that IM with goblet cells carries a much
higher risk of malignant progression than other types of metaplasia has been questioned
(American Gastroenterological Association et al. 2011a; Bennett et al. 2015; Fitzgerald
et al. 2014; Odze 2011). It has been proposed that goblet cells participate in the mucosal
defense (Hahn et al. 2009; Odze 2011), and a report has been published suggesting that
goblet cells in metaplastic areas have a protective role against cancer progression rather
than being indicators for a premalignant condition (Srivastava et al. 2015). However, while
the relationship between different stages of metaplasia and the risk for dysplasia remain
obscure, the recognition of IM seems to have clinical relevance, as metaplasia, dysplasia, and
adenocarcinoma have been reported to develop only in patients with IM (Chandrasoma et
al. 2012; Westerhoff et al. 2012), but the wrong biopsy sampling technique would produce a
false-negative diagnosis of IM (Chandrasoma et al. 2012). IM appears to be most prevalent
in the proximal part of the abnormal epithelium (Chandrasoma et al. 2001), and the
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prevalence of IM seems to increase with the length of the metaplastic area (Chandrasoma
etal. 2012).

In an observational prospective cohort study, a longer duration and longer length of
BE, as well as low-grade dysplasia and esophagitis, were found to be risk factors for BE
developing into high-grade dysplasia or EAC (Sikkema et al. 2011). The annual risk of BE
developing into EAC has been found to be 0.12%-0.27% (Hvid-Jensen et al. 2011b; Wani
et al. 2011), as the relative risk for the patients with BE is 11.3-16.42 times that of the
general population (Cook et al. 2007; Hvid-Jensen et al. 2011b).

The need for the surveillance of BE has been questioned (Erichsen et al. 2017), but
despite the lack of high-quality evidence concerning the benefits of the endoscopic
surveillance of BE, most of the guidelines recommend keeping BE with IM under
surveillance (American Gastroenterological Association et al. 2011a; Fitzgerald et al.
2014), while others have suggested no surveillance in case of no dysplasia (Bennett et al.
2015). A surveillance interval of 6-12 months seems to be generally agreed upon in the case
of low-grade dysplasia (American Gastroenterological Association et al. 2011b; Bennett et
al. 2015; Fitzgerald et al. 2014). The Prague C & M criteria have been developed to measure
and grade the BE segment (Sharma et al. 2006).

2.5.3.5 Esophageal adenocarcinoma

BE-related EAC develops trough an esophagitis—BE-dysplasia sequence (Bennett et al.
2015). During the last decades, the incidence of EAC has been rising in the Western world
(Cook et al. 2009; Lepage ct al. 2008). Between 1992 and 2005, The incidence of EAC in
the US was 4.8 per 100 000 person years among white men and 1.0 per 100 000 person
years among black men . The incidence was 7.65 times higher among white men than white
women and 3.64 times higher among black men than black women (Cook et al. 2009).
The incidence in the UK and Wales has been reported to be 4.5 per 100 000 among men
and 0.9 per 100 000 among women (Lepage et al. 2008). The overall S-year survival of
EAC is low (13%) (Eloubeidi et al. 2003). While EAC has a poor prognosis, it has been
found that only 7.4% of patients with IM die of esophageal cancer (Anderson et al. 2003)
and, furthermore, only 5.7% of patients die of EAC (Cook et al. 2007). In a Danish study,
prophylactic measures against cardiovascular diseases and non-esophageal cancers were
seen as potentially more important than the measures against esophageal cancer in BE
patients because of the low mortality rates (5.4 per 1000 person years) due to esophageal
cancers (Erichsen et al. 2017).

27



2.5.3.6  Shortened esophagus

Severe GERD may cause a transmural inflammation, leading to a subsequent shortening
of the esophagus. Preoperative endoscopy, esophagoraphy, or manometry may give clues of
the condition, but the diagnosis may not be revealed until intraoperatively, when excessive
mediastinal dissection is needed to mobilize the esophagus. A large paracsophageal hernia
is associated with a shortened esophagus (Kunio et al. 2015). Endoscopically verified
preoperative findings of either strictures or Barrett’s esophagus have been found to be the
most accurate test in detecting a short esophagus (sensitivity 80%, positive predictive value
31%; Mittal etal. 2000). A Collis gastroplasty, which can also be performed laparoscopically,
or a modification thereof, is reccommended to restore the length of the esophagus in order
to prevent crural disruption and herniation of the wrap to the mediastinum (Hunter et al.
1999; Kunio et al. 2015; Orringer and Sloan 1978; Terry et al. 2004). The incidence of the
need for the lengthening procedure is under debate (Kunio et al. 2015; Migaczewski et al.
2015).

2.5.4 Barium esophagram

In the preoperative work-up of antireflux surgery, the purpose of a barium esophagram is
not to diagnose GERD, but rather to clarify the anatomy of the esophagus and stomach. A
hiatus hernia, the presence of a Schatzki ring, and the strictures can be visualized (Fisichella
and Patti 2014). At present, the barium esophagram is used mainly as an esophageal
function test rather than a preoperative test (Katzka 2014). The sensitivity and positive
predictive value of a barium esophagram to detect a short esophagus are relatively poor—
66% and 37%, respectively (Mittal et al. 2000). Also, the sensitivity and specificity of the
test to identify gastroesofageal reflux in patients with positive 24-hour pH monitoring
have been discovered to be low, 47% and 70%, respectively (Bello et al. 2013).

2.5.5 Ambulatory 24-hour pH monitoring

Esophageal reflux monitoring is reccommended as a part of the preoperative work-up, since
especially the lower grades of esophagitis have been found not to correlate with pathological
esophageal acid exposure (Bello et al. 2013; Patti et al. 2001). pH monitoring tests provide
information on esophageal acid exposure, reflux patterns, and symptom correlation (Han
and Peters 2014). A distal esophageal pH of <4 was defined in 1961 by Tuttle et al. as
being pathological, since it was observed to cause heartburn (Tuttle et al. 1961). Since then,
pH <4 has been verified as a good cut-off limit in detecting reflux (Johnsson et al. 1987).
In 1974 Johnson and Demeester established the foundation for 24-hour pH monitoring
by defining a six-parameter scoring system and reference values for each parameter. The
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parameters and the normal values are: total time pH <4 (<4.2%), upright time pH <4
(<6.3%), supine time pH <4 (<1.2%), no. of reflux episodes (<50), no. of reflux episodes
>5 min (<3.0), and longest episode (<9.2 min). The Demeester total score is calculated as a
sum from these by using a specific formula (Han and Peters 2014). In clinical practice, the
total time pH of <4 is generally used a variable to detect pathological reflux, for it has been
verified to be as good as other single determinants and it is easy to use (Johnsson et al. 1987;
Schindlbeck et al. 1987). Along with the traditional 24-hour pH monitoring, there are also
48- and 96-hour devices available with catheters and wireless Bravo-pH capsules (Han and
Peters 2014). Normal pH monitoring values have been recorded in 20%-45% of patients
with endoscopically confirmed esophagitis (Bello et al. 2013; Patti et al. 2001) and in 37%—
58% of patients with reflux symptoms and a negative endoscopy (Lind et al. 1997; Martinez
etal. 2003; Savarino et al. 2008). In a study comparing traditional pH monitoring and pH
impedance monitoring in a clinical setting, it was found that the number of positive tests
was similar in both arms of the patients and that 45%-50% of the patients with negative
results were still prescribed PPIs (Pugliese et al. 2016).

2.5.6 Multichannel intraluminal impedance pH monitoring

Impedance refers to electrical resistance in an alternating current circuit. The ionic
concentration of the bolus affects the conductivity and impedance, which gives information
about the medium and allows impedance monitoring to differentiate between the states of
matter (Gyawalietal. 2013).24-hour multichannel intraluminal impedance pH monitoring
(MII-pH) measures the impedance of the esophagus along with distal esophageal acid
exposure. It can differentiate between acidic and non-acidic reflux and detect the bolus
movements in the esophagus, which helps to identify reflux-symptom correlation (Han
and Peters 2014).

The reflux episodes detected by simultancous impedance and pH monitoring are
subcategorized into five groups: 1) acid reflux, 2) superimposed acid reflux, 3) weakly acidic

reflux, 4) nonacidic reflux, and 5) pH-only reflux (Sifrim et al. 2004; Table 3).

Table 3. Reflux subcategories (Sifrim et al. 2004)

Acid reflux pH falls from above to below 4

Superimposed acid reflux reflux while pH is already <4 from acid reflux

Weakly acidic reflux pH nadir is 24 but <7
Nonacid reflux pH remains =7 or increases to =7
pH-only reflux pH fall from above to below 4, detected by pH probe but not impedance

Normal values for the parameters have been obtained from 60 healthy volunteers (Shay
et al. 2004). To further analyze whether the symptoms are reflux-related, a combined
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symptom association analysis can be made. The most widely used markers are: symptom
index (SI), symptom sensitivity index (SSI), and symptom association probability (SAP).
SIis defined as the percentage of symptom episodes that are related to reflux, and >50%
is considered a positive value. SSI means the proportion of symptom-associated reflux
episodes out of the total number of reflux episodes (210% positive). SAP is a parameter that
indicates the probability of the symptoms being related to reflux episodes. The statistical
relationship between symptoms and reflux episodes using Fisher’s exact test is calculated
(295% positive) (Bredenoord et al. 2005).

In clinical practice, the MII-pH- monitoring can be used in diagnosing GERD in
patients with atypical symptoms or PPI-refractory disease (Han and Peters 2014), or in
NERD patients with negative 24-hour pH monitoring (Bredenoord et al. 2006; Kline et
al. 2008; Savarino et al. 2008). Good outcomes after LNF have been described in patients
with negative acid exposure but positive MII-pH results (del Genio et al. 2008).

2.5.7 Manometry

Manometry systems recognize the timing and the amplitude of pressure changes in the
esophagus by using an intraluminal catheter. With esophageal manometry, one can assess
the motility of the esophageal body and the function and location of the esophageal
sphincters (Gyawali et al. 2013). The localization of LES aids in guiding the pH or
impedance monitoring catheter into place. Along with motor disturbances, an important
objective of manometry is to diagnose achalasia, which can cause similar symptoms to
GERD (Anderson et al. 2006). It has been noted that the motor function of the esophagus
deteriorates and the prevalence of a mechanically defective LES increases with increasing
mucosal damage (Kahrilas et al. 1986; Stein et al. 1990; Stein et al. 1992b). Based on the
values obtained from 50 healthy individuals, the LES can be considered incompetent if
the mean resting pressure is below 6 mmHg and the total and intra-abdominal lengths of
the LES are inadequate (Zaninotto et al. 1988). In the 1990s, high-resolution manometry,
which provides a more detailed analysis of the esophageal pressure profile, became
available (Gyawali et al. 2013). The Chicago classification provides a hierarchical analysis
of high resolution manometry studies and criteria to classify different motility disorders
(Bredenoord et al. 2012). Currently, high-resolution manometry is considered superior to
conventional manometry as far as diagnostic accuracy and the ease of interpretation are
concerned (de Bortoli et al. 2016; Soudagar et al. 2012).
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2.6  Postoperative follow-up

2.6.1 Subjective outcome

2.6.11  Postoperative symptom relief

Usually, typical symptoms of GERD are relieved markedly after LNF, whereas dysphagia
increases. While LNF provides extremely efficient control of heartburn and regurgitation
in the short term, the results have been noted to deteriorate to some extent in the long
term (Kellokumpu et al. 2013; Morgenthal et al. 2007b). After 10-11 years™ follow-up,
57%—65.7% and 70.9%-78.9% of patients report complete resolution of heartburn and
regurgitation, respectively. Moderate to severe heartburn and regurgitation are reported by
5.1%-24.2% and 1.3%-7.8%, respectively (Broeders et al. 2009b; Kellokumpu et al. 2013;
Morgenthal et al. 2007b).

2.6.1.2  Patient satisfaction

After LNF, 73.1%-92.7% of the patients are reported to be satisfied with the results, while
2.1%-15% are dissatisfied (Mchta et al. 2006; Morgenthal et al. 2007b; Salminen et al.
2012; Tucker et al. 2005; Vakil et al. 2003). In retrospect, 77.1%-93.3% of the patients
would choose surgery again (Broeders et al. 2009b; Morgenthal et al. 2007b; Salminen et
al. 2012; Shaw et al. 2010).

2.6.1.3  Improvements in health-related quality of life

The HRQoL is demonstrated to improve markedly after LNF, when measured using both
disease-specific and generic quality of life instruments (Anvari and Allen 2003; Broeders
etal. 2009b; Djerf et al. 2016; Galmiche et al. 2011; Kamolz et al. 2005; Tosato et al. 2012;
Wang et al. 2008). The results concerning HRQoL have also been reported to endure in the
long term (Broeders et al. 2009b; Djerf et al. 2016), and when compared to the results of
healthy individuals or a general population, the outcome has been similar or close (Anvari
and Allen 2003; Anvari etal. 2011; Djerfetal. 2016; Kamolz et al. 2005; Kellokumpu et al.
2013; Koetje et al. 2016; Tosato et al. 2012). The failure of the treatment or dissatisfaction
with the treatment is associated with lower HRQoL scores (Kellokumpu et al. 2013; Koetje
etal. 2016).
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2.6.1.4  Treatment-related side effects

2.6.1.41 Dysphagia

Dysphagia is very common shortly after the operation, possibly due to inflammation and
edema. In most cases, dysphagia is resolved significantly after the next few months and
continues to diminish over the following years (Broeders et al. 2011b; Luostarinen et al.
2001; Negre 1983). In general, after 10-15 years’ follow-up, 7.8%-12.0% of patients report
moderate to severe dysphagia, while 46.2%-70.5% have no dysphagia (Broeders et al. 2009b;
Kellokumpu et al. 2013; Morgenthal et al. 2007b; Salminen et al. 2012). Only a minority
of the patients will require interventions for persistent dysphagia. The problems behind
excessive persistent dysphagia may stem from a paraesophageal hernia, herniation of both
the wrap and the GEJ above the diaphragm, a slipped fundoplication, a tight esophageal
hiatus, and a too tight or too long wrap (Horgan et al. 1999; Lamb ct al. 2009; Stein et al.
1996). Other proposed causes include a peptic esophageal stricture, ineffective esophageal
motility, recurrent reflux esophagitis, achalasia missed preoperatively, and achalasia
developed postoperatively (Spechler 2004; Stein et al. 1996). Reoperation rates of 5.1%—
7.7% (Broeders et al. 2011b; Broeders et al. 2009b; Yang et al. 2012) and dilatation rates of
4.0%-14% (Broeders et al. 2011b; Morgenthal et al. 2007b; Yang et al. 2012) for dysphagia
after LNF have been reported. After dilatation, 68.6% of the patients are reported to have
a good outcome, while 62.7% of those requiring revisional surgery because of dysphagia
were satisfied with the late outcome (Yang et al. 2012). It has been proposed that patients
with a clear anatomic defect, such as a slipped wrap or a paraesophageal herniation, respond
poorly to dilatation (Horgan et al. 1999).

2.6.1.4.2 Gas-bloat syndrome and flatulence

The usual side effects of fundoplication are related to the reduced ability to vent gas from
the stomach into the esophagus after the operation. This group of symptoms is also referred
to as gas-bloat syndrome. Patients report bloating, abdominal distention, an inability to
belch, an inability to vomit, early satiety, nausea, upper abdominal pain, and flatulence
(Spechler 2004). In a Swedish study, gas-bloat symptoms and/or flatulence was most
frequently identified as the most bothersome postoperative symptom (46.8%) (Sandbu et al.
2002). In the long term, decreased belching (61.2%), increased flatulence (91.4%), increased
bloating (71.9%), and the inability to vomit (30.9%) have been reported (Kellokumpu et al.
2013), while only 20.9% of patients reported no or mild bloating and flatulence and 45.8%
had difhicult to severe bloating and flatulence (Salminen et al. 2012). The patients with an
intact fundoplication wrap have been reported to experience more bloating and flatulence
than those with a defective plication (Salminen et al. 2012).

Many of the symptoms related to gas-bloat syndrome are associated with delayed
gastric emptying, a condition which has been reported to be a rather prevalent condition in
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GERD patients (0%—-51%), although the delayed emptying has not been proved to promote
reflux (Penagini and Bravi 2010). While antireflux surgery has been noted to improve and
normalize gastric emptying in the majority of patients (Lindeboom et al. 2004; Viljakka
et al. 1999), those patients who had suffered from delayed gastric emptying preoperatively
were also reported to have more gas-bloating, abdominal pain, and nausea postoperatively,
even if the symptoms had improved after the operation (Khajanchee et al. 2009).

The division of the SGVs has been associated with increased bloating (Engstrom et
al. 2011), and transient LES relaxations, caused by gastric distension with air, have been
manometrically documented to occur more often in patients with intact SGVs than in
patients with a division of all SGVs, suggesting a reduced air-venting ability after gastric
mobilization (Engstrom et al. 2004). A study after floppy LNF found that the belching
pattern changed from gastric belches, which vent air from the stomach, to supragastric
belches with no air-venting and thus increased the gas-bloat symptoms and flatulence. In
addition, in a third of the patients, there was a positive relationship between postoperative
symptoms and gastric or supragastric belches (Broeders et al. 2011a).

Most patients with postoperative gas-bloat symptoms are treated conservatively, but
the patients with severe symptoms may require an evaluation for small bowel obstruction
caused by adhesions or delayed gastric emptying in the case of inadvertent vagotomy
(Spechler 2004).

2.6.1.4.3 Diarrhea

After laparoscopic antireflux surgery, 12.3%-35.5% of the patients report diarrhea
(Bammer etal. 2001; Klaus et al. 2003; Kornmo and Ruud 2008). In a study by Klaus et al.,
new-onset diarrhea developed in 18% of the patients. In their study, 35% of the patients had
bowel symptoms before surgery (Klaus et al. 2003). Ranson et al. reported that 58% of the
patients had diarrhea at cither the preoperative or postoperative evaluation—in 60% of the
cases, the diarrhea improved and in 20% worsened after LNF (Ranson etal. 2007). Overlap
between irritable bowel syndrome and GERD may explain the postoperative diarrhea
to some extent (Gasiorowska et al. 2009). Fundoplication is noted to accelerate gastric
emptying (Lindeboom et al. 2004; Viljakka et al. 1999), which is proposed to contribute to
amore swift intestine transit time and diarrhea (Klaus et al. 2003). In addition, the patients
with preoperatively delayed gastric emptying who underwent LNF and pyroloplasty were
reported to have a high incidence of diarrhea postoperatively (Khajanchee et al. 2009). An
inadvertent vagus nerve injury may lead to severe diarrhea (Ukleja et al. 2002), while the
10% of patients found to have signs of vagus nerve dysfunction after partial fundoplication
did not differ from the other patients as regards GERD symptoms, 24-hour pH studies, or
gastric emptying (Lindeboom et al. 2004). In general, most of the follow-up studies neglect
a systematic approach in dealing with diarrhea as a postoperative symptom.
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2.6.2 Failure after fundoplication

The definition of failure after fundoplication has proven difficult since there is discrepancy
between patient-perceived symptoms and the results of objective investigation methods.
It has been noted that only 29.3%-39% of patients with persistent symptoms after
laparoscopic total or partial fundoplication have an abnormal 24-hour pH study (Galvani et
al. 2003; Khajanchee et al. 2002), while 11.9% of asymptomatic patients have pathological
scores (Khajanchee et al. 2002). Postoperative regurgitation predicts abnormal pH
monitoring, whereas heartburn, dysphagia, and chest pain are equally prevalent in patients
with abnormal and normal pH studies (Galvani et al. 2003). In a study by Broeders et al.,
no acid or weakly acidic reflux was found behind persistent reflux symptoms after LNF.
Instead, in a third of symptomatic patients, a positive correlation was found between reflux
symptoms and gastric belches or supragastric belches. It was noted that LNF decreases
liquid-containing reflux to a larger extent than gas reflux (Broeders et al. 2011a). In
Salminen’s study, no statistically significant symptomatic difference was found between
the groups of open and laparoscopic Nissen fundoplications, although 46.4% of the wraps
were endoscopically determined to be partially or totally disrupted in the open group vs.
the 11.1% in the laparoscopic group; however, the defective wraps were associated with
heartburn and regurgitation, more common use of PPIs, and a more negative evaluation of
the result of surgery (Salminen et al. 2012).

2.6.21  Postoperative use of antisecretory medication

In a Danish population-based follow-up study consisting of patients who underwent
antireflux surgery during 1996-2010, the 5-, 10-, and 15-year cumulative risks of redeeming
an index PPI prescription were 57.5%, 72.4%, and 82.6%, respectively. The 5-, 10-, and 15-
year risks of long-term PPI use were 29.4%, 41.1%, and 56.6%, respectively (Lodrup et al.
2014). In the studies concerning LNF with 10-15-year follow-up periods, 26.6%-46.5% of
patients have used PPIs, while the study by Morgenthal also included H2As (30% overall
use) (Broeders et al. 2009b; Morgenthal et al. 2007b; Salminen et al. 2012).

Although a large number of patients use antisecretory medication postoperatively,
objectively verified refractory reflux has been documented only for a minority of the
patients. Only 24%-32% of patients taking acid-reducing medications have an abnormal
pH monitoring (Galvani et al. 2003; Lord et al. 2002). Broeders ct al. studied 20 patients
dependent on daily PPIs 10 years after LNF or open Nissen fundoplication (ONF) using
24-hour MII-pH and found no reflux in 65% of the patients; six patients had acid reflux,
and one patient had physiological acid exposure with a positive symptom-reflux correlation.
No association between manometric studies and acid exposure or symptomatic outcome
was found, with the exception of high-resolution manometry according to which 40%
of the patients had LES dysrelaxation, which was associated with retrosternal pain and
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may have caused the resumption of PPI use (Broeders et al. 2009b). Salminen et al. found
an objective endoscopic explanation for daily PPI use in only half of the patients taking
medication after fundoplication (Salminen et al. 2012).

2.6.2.2  Complications, conversions, and reoperations

The rate of serious complications in a Finnish national-based analysis was 0.7% after LNF
(Rantanen et al. 2008), while in a Danish nationwide study it was 1.3% after primary
operations (LNF + ONF) and 1.6% after reoperations (Funch-Jensen et al. 2008). The
serious complications in the Finnish study (LNF+ONF) were esophageal perforation
0.2%, gastric perforation 0.2%, dysphagia 0.1%, and, more seldom, in descending order:
a complicated paraesophageal hernia, intestinal complications, deep surgical infections,
intra-abdominal bleeding, and pulmonary embolism (Rantanen et al. 2008).

The 30-day mortality rates were 0.04% (LNF) and 0.46% (LNF+ONF) in the Finnish
and Danish data, respectively. The mortality was most often caused by an esophageal or
gastric perforation (Funch-Jensen et al. 2008; Rantanen et al. 2008). In the Danish data,
one patient died because of a paraesophageal herniation, and the mortality was higher due to
medical complications (cardiopulmonary n=5, stroke n=1) than to operative complications
(Funch-Jensen et al. 2008).

Conversion rates of 6.1%-7.6% have been reported after LNF (Broeders et al. 2009b;
Funch-Jensen et al. 2008; Salminen et al. 2012).

Reoperation rates of 5.5%~15.2% have been reported after LNF (Broeders et al. 2009b;
Morgenthal etal. 2007b; Salminen etal. 2012; Shaw et al. 2010), while the five- and ten-year
cumulative reoperation rates in the Californian database were 5.2% and 6.9%, respectively
(Zhou et al. 2015). The reoperation rate at Tampere University Hospital during the ONF
era was 3% (Luostarinen et al. 1993a). The Danish nationwide reoperation rate, including
ONPF, was 5.0% (Funch-Jensen et al. 2008). The reoperation rate is the highest during the
first year, after which it steadily declines up until four years postoperatively (Funch-Jensen
etal. 2008; Zhou et al. 2015).

2.6.2.3  Theincidences of recurrent esophagitis, defective fundic wraps,
and esophageal acid exposure after the operation

The reported incidences of recurrent esophagitis have varied between 0%-29% after LNF
and ONF (Broeders et al. 2010a; Broeders et al. 2010b; Djerf et al. 2016; Galmiche et
al. 2011; Luostarinen 1993; Luostarinen et al. 1993b; Rantanen et al. 1999; Salminen et
al. 2007), while the proportion of defective fundic wraps has been 0%-46% (Djerf et al.
2016; Luostarinen 1993; Luostarinen et al. 1993b; Rantanen et al. 1999; Salminen et al.
2012; Salminen et al. 2007). The incidence of defective wraps has been lower after LNF
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(0%-13%) than ONF (23%-46%), while there are only two series with an endoscopic
assessment of the state of the wrap after LNF, and the study by Djerf et al. only included 13
patients (Djerf et al. 2016; Salminen et al. 2012; Salminen et al. 2007). pH monitoring has
revealed pathological acid exposure in 0%-22.7% of patients after LNF or ONF (Broeders
et al. 2010a; Djerf et al. 2016; Luostarinen 1993), and the total acid exposure time in the
patient groups has varied between 0.7% and 2.9% after LNF (Anvari et al. 2011; Broeders
et al. 2010b; Broeders et al. 2013; Galmiche et al. 2011).

2.6.24  Failure patterns documented in reoperations

In the studies dealing with failure patterns observed in reoperations after antireflux
procedures, the main symptoms of the patients referred for an evaluation of revisional
surgery are heartburn and regurgitation (29%-44.7%), dysphagia (31%-32.3%), and both
dysphagia and reflux symptoms (15.2%-27%). Other symptoms, such as gas bloating,
diarrhea, abdominal pain, and “gastric denervation symptoms” were reported to be the
main symptoms in 7.6%-13% of the cases (Horgan et al. 1999; Stein et al. 1996). The
typical reflux symptoms and postoperative use of PPIs are more often found in patients with
a defective fundoplication, while bloating and flatulence are more common with patients
with an intact wrap (Salminen et al. 2012). Most of the technical failures are detected
during the first few years after the primary operation. Hunter et al. reported that 90% of
the reoperations are performed during the first two years, while Lamb et al. reported that
64.2% are performed during the first three years, whereas the median interval between the
operations was 26 months (Funch-Jensen et al. 2008; Hunter et al. 1999; Lamb et al. 2009;
Zhou et al. 2015).

Horgan et al. classified technical failures in three categories based on endoscopic,
radiologic, and operative findings (Figure 4). In Type I failures, the GEJ is above the
diaphragm. Type I failures are further divided into type IA, in which both the GEJ and
the wrap are above the diaphragm, and to type IB in which only the GEJ is above the
diaphragm. In type II failures, a portion of the wrap has migrated up through the crura,
thus forming a paraesophageal hernia. In type III failures, the wrap is malformed because
the fundoplication is made from the body of the stomach instead of the fundus (Horgan et
al. 1999). Other types of failures noted include: a disruption of the wrap, a too long or a too
tight wrap, a twisted fundoplication, esophageal motor disorders, and gastric denervation

(Hunter et al. 1999; Stein et al. 1996).
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Figure 4. Classification of fundoplication
failures (Horgan et al. 1999). Reprinted with
permission.

type I1

After the introduction of the laparoscopic  Taple 4. The causes of failure after laparoscopic
technique, acute paraesophageal  fundoplications (Hunter et al. 1999; Lamb et al.

herniation was recognized to become more 2009)

common, and posterior hiatoplasty was

recommended (Watson et al. 1995). In the hiatal disruption / herniation 25.7-50.7%
studies by Lamb et al. and Hunter et al. too tight hiatus 23.9%
concerning reoperations after laparoscopic twisted fundoplication 19.7%
fundoplications, it was noted that most slipped fundoplication 3.7-18.3%
of the causes of failure were related to an _achalasia 5.6%
unsuccessful hiatal closure and/or to the too tight / too long wrap 3.7-4.2%
subsequent herniation of the wrap or parts disruption of the wrap 1.4%

thereof through the hiatus (Hunter et al.

1999; Lamb etal. 2009; Table 4). Horgan et

al. classified failures after various different types of antireflux procedures (both laparoscopic
and open techniques) as follows: type [A 41.9%, type IB 16.1%, type II 16.1%, and type I1I
6.5% (Horgan et al. 1999). Stein et al. reported failures in patients referred for a reoperation
evaluation after various types of open antireflux procedures as follows: disruption of the
wrap 45.7%, slipped wrap 22.9%, too tight or too long wrap or a too tight hiatal closure
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10.5%, esophageal motor disorder 9.5%, herniation 5.7%, and gastric denervation 5.7%
(Stein et al. 1996). In the study conducted at Tampere University Hospital after ONF, the
failures were due to slipping (66%) and disruption (33%) (Luostarinen et al. 1993a).

A paraesophageal hernia, a herniation of both the wrap and the GEJ above the
diaphragm, a slipped fundoplication, a tight esophageal hiatus, and a too tight or too
long wrap are associated with persistent dysphagia (Horgan et al. 1999; Lamb et al. 2009;
Stein et al. 1996). No response to dilatations was reported in the case of a slipped wrap
or paraesophageal herniation (Horgan et al. 1999). Recurrent reflux symptoms are found
with a disruption of the wrap, herniation of the wrap, slipped wrap, and a paraesophageal
hernia (Horgan et al. 1999; Lamb et al. 2009; Stein et al. 1996). Roughly half of the
patients (48%) with recurrent reflux symptoms are reportedly treated conservatively, while
a reoperation is more often required in patients with dysphagia or reflux symptoms and
dysphagia (86.3%) (Stein et al. 1996). Patients who had a reoperation because of dysphagia
have been noted to have a higher incidence of poorly controlled heartburn and troublesome
dysphagia as well as a lower satisfaction score than those operated on because of recurrent
reflux or a paracsophageal hernia (Lamb et al. 2009). A wrap disruption is more common
after open than laparoscopic fundoplication (Hunter et al. 1999; Salminen et al. 2012).

To prevent wrap herniation, Horgan etal. recommended fixing the wrap to the esophagus
and to the undersurface of the crura (Horgan et al. 1999), while Hunter et al. stated that the
fixation to the undersurface of diaphragm did not seem to prevent the complication. Hunter
etal. proposed that the scarce formation of adhesions on the posterior side of the esophagus
after laparoscopic fundoplication and a short esophagus may predispose to the herniation
of the wrap and suggested thorough esophageal mobilization and firm crural closure as
a means of prevention as well as Collis gastroplasty in the case of advanced esophageal
disease when a fundoplication herniation develops without an identifiable event causing
hiatal disruption (Hunter et al. 1999). A paraesophageal hernia is proposed to be the result
of a redundant fundoplication and defective diaphragmatic closure (Horgan et al. 1999).
The study from Tampere supports this, as 90% of the wrap herniations occurred when
the fundus was mobilized and hiatoplasty was not performed (Luostarinen and Isolauri
1999a). The factors leading to wrap disruption have been suggested to include insufficient
fundic mobilization, a failure to fix the wrap to the cardia, and the use of absorbable suture
material (Stein et al. 1996).

2.6.3 Methods to diagnose failure in clinical setting

Although there are many instruments available for the subjective evaluation of a GERD
patient, the data assessing the suitability of these instruments as outcome measures is
scarce. In a review by Vakil et al., it was noted there were no patient-reported outcome
instruments meeting the requirements of the US Food and Drug Administration and the
European Medicines Agency. The US Food and Drug Administration and the European
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Medicines Agency emphasize the importance of taking the patients’ experiences into
account in symptomatic diseases in order to enhance the content validity (Vakil et al.
2013). Two studies comparing the disease-specific Gastroesophageal Reflux Disease-
Health-Related Quality of Life (GERD-HRQL) instrument and SF-36 found the disease-
specific instrument to correlate better with patient satisfaction and heartburn. GERD-
HRQL is a symptom-rating questionnaire in which six out of ten questions concern
heartburn, with no questions dealing with the possible side effects of treatments (Koetje et
al. 2016; Velanovich 1998). The GERD-HRQL score and pH test result have been found
to not correlate in patients with achalasia after Heller myotomy and Dor fundoplication
(Gholoum et al. 2006). The Visick score has been noted to correlate with heartburn and
quality of life tests, but not with pH monitoring (Rijnhart-De Jong et al. 2008). There is
no instrument for the subjective evaluation of a patient to replace a systematic interview
consisting of postoperative symptoms, patient satisfaction, and the need for antisecretory
medication.

In upper gastrointestinal endoscopy, the esophageal and gastric mucosa can be evaluated
and the status of the fundoplication seen. The failures related to the wrap create distinct
appearances, and endoscopic classifications have been proposed to categorize postoperative
states (Jobe et al. 2004; Koch et al. 2013). In 75%-90% of patients with an endoscopically
defective wrap and in 2.6%-16% of patients with an intact wrap, pathological acid
reflux has been measured after fundoplication (Braghetto et al. 2012; Lord et al. 2002;
O’Hanrahan et al. 1990)

A barium esophagram gives information about the anatomy and the relationship of the
GEJ with the hiatus, and it also facilitates the assessment of esophageal emptying (Horgan
et al. 1999; Spechler 2004). Radionuclide transit has also been used to study esophageal
clearance after fundoplication (Luostarinen et al. 2001). Barium contrast has been found
inferior to endoscopy in detecting esophagitis as well as slipping and disruption of the wrap,
while a too tight wrap was detected more often (Jailwala et al. 2001). Of the patients with
radiologically defective wraps, 90.9% have been demonstrated to suffer from pathological
acid reflux, while 9.5% of the patients with intact wraps had pathological acid exposure
(Braghetto et al. 2012).

Computer tomography (CT) can be used to obtain information about the condition of
the fundoplication wrap. Typical features of contrast-enhanced CT scans depicting normal
anatomy as well as common failures after Nissen fundoplication have been published
(Carbo et al. 2014; Pavone et al. 1997).

Magnetic resonance fluoroscopy is a dynamic non-invasive method to evaluate the
anatomy and function of the GEJ. A study including 21 patients with recurrent reflux
symptoms and 8 asymptomatic patients after LNF demonstrated that MR fluoroscopy
could detect a slipped wrap in 67%, a wrap disruption in 100%, too tight crural sutures
or too tight wrap in 100%, and recurrent reflux in 50% of the cases. Magnetic resonance
fluoroscopy could determine the position of the wrap in 93% of the patients. The results
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were compared to the operative findings or to endoscopy, manometry, pH monitoring,
and barium swallow results. Although the study was not designed to compare different
diagnostic methods, magnetic resonance fluoroscopy was found more accurate than
endoscopy or barium swallow in detecting failures among the wraps (Kulinna-Cosentini
etal. 2014).

Postoperative pathological acid reflux and symptom correlation can be detected with
24-hour pH monitoring (Spechler 2004). MII-pH can be used to diagnose acid, weakly
acidic, and alkaline reflux and to examine the composition of the refluxate, as well as to
evaluate symptoms caused by belching (Broeders et al. 2011a). MII-pH can be performed
on patients on and off PPI therapy (Weigt ct al. 2007).

Esophageal manometry can reveal esophageal motor dysfunction, such as achalasia
(Spechler 2004). In postoperative high-resolution manometry, in addition to evaluating
esophageal peristalsis and the pressure profile of the LES, a hiatal hernia can be detected as
a dual high-pressure zone. High-resolution manometry has been noted to be less sensitive
than endoscopy and/or a radiologic examination to diagnose hiatal hernia (Tatum et al.
2010).

2.7 Long-term results of Nissen fundoplication

The literature review of this thesis focuses on the long-term results of LNF. The results of

ONF are reviewed in order to complete the general view or when the corresponding results
after LNF are lacking.

2.71 Technical factors influencing the outcome

Some modifications of the original operative technique of Rudolph Nissen have been
proposed to prevent failures and unwanted side effects. The use of laparoscopy has led to
further developments in the operation.

2.711  Hiatoplasty

Reducing the hiatal opening is considered an essential part of a successful laparoscopic
fundoplication, since hiatal disruption detected in reoperations is reported as being the
most common reason for failure (Horgan et al. 1999; Hunter et al. 1999; Lamb et al. 2009;
Watsonetal. 1995). Thereare norandomized studiesevaluatinglaparoscopic fundoplications
with or without hiatal closure. In a prospective randomized controlled trial (RCT)
comparing LNFs with posterior hiatoplasty and LNFs with posterior hiatoplasty with an
onlay of polytetrafluorocthylene mesh in treating large (28 cm in diameter) hiatal hernias,
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the recurrence rate in the barium esophagram was higher (22% vs. 0%) in the group with
no mesh. No mesh-related complications were reported (Frantzides et al. 2002). Another
RCT compared LNFs with posterior sutured hiatoplasty and LNFs with posterior sutured
hiatoplasty with an onlay of polypropylene mesh. The rates of intrathoracic wrap migration
were 26% in the firstmentioned group vs. 8% in the latter. More postoperative dysphagia
was reported in the group with the mesh, while after one year there was no difference in
the dysphagia rate. No mesh-related complications were reported (Granderath et al. 2005).
It has been noted that polypropylene forms adhesions to adjacent organs and, in order to
avoid issues relating to this, the use of polytetrafluoroethylene has been proposed with its
decreased adhesion formation (Frantzides et al. 2002). Also, biological prostheses have been
used for expected safety reasons. A third RCT compared suture closure of the hiatus to a
hiatoplasty with an onlay of mesh made from porcine small intestinal submucosa. After six
months, the recurrence rates were 24% and 9%, respectively, as diagnosed using a barium
esophagram. No mesh-related complications were detected (Oelschlager et al. 2006). It has
been suggested that the complications related to meshes are probably more common than
previously reported, and the complications have been described with all types of meshes
with no apparent relationship between the type and configuration and the complication.
The detected complications include intraluminal mesh erosion, esophageal stenosis, and
dense fibrosis. The literature reports complication rates from 1.3% to 20%, but the lack of
long-term follow-ups may underestimate the rate (Soricelli et al. 2009; Stadlhuber et al.
2009; Trus etal. 1997). Even when using meshes, it has been noted that the larger the hiatal
surface area, the more common the recurrence of a hiatal hernia (Koch et al. 2011).

2.71.2  Esophageal bougie

In 1986 it was reported that enlarging caliber of the esophageal bougic during
fundoplication decreased the incidence of temporary dysphagia (DeMeester et al. 1986).
In the laparoscopic era, a bougie has been widely used, even though there is little scientific
evidence on the subject. The only reported RCT compared the use of a 56 Fr bougie
(n=81) with no calibration (n=90). There was no difference in the dysphagia rates one
month postoperatively, but after a follow-up of 11 months, dysphagia was present in 17%
of the bougie group and in 31% of the group without a bougie (p=0.047). One patient
had an esophageal mucosal laceration from the use of a bougie (Patterson et al. 2000).
A retrospective analysis of 82 consecutive patients who underwent LNF revealed no
difference in postoperative dysphagia at any point during a one-year follow-up irrespective
of whether a 56 Fr bougie was used (the first 40 patients) or not (the latter 42 patients)
(Somasekar et al. 2010). A small study prospectively followed 28 consecutive patients who
underwent paraesophageal hernia repair and dorsal 270° fundoplication laparoscopically.
A 56 Fr bougie was used in the first 14 patients. No difference was found between the
groups’ dysphagia scores preoperatively or six months postoperatively (Ng et al. 2009). In
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a laparoscopic foregut surgery, a 0.8% esophageal or gastric perforation rate during the
insertion of a bougie or a nasogastric tube has been reported in a retrospective review at five
institutions (n=1620) (Lowham et al. 1996).

2.71.3  Division of the short gastric vessels and Nissen-Rossetti

There are two RCTs reporting the long-term results of the division versus non-division of
the SGVs ten years after the operation. In both studies, the fundoplication was made using
the anterior aspect of the fundus (i.c. Nissen-Rossetti) in the non-division group (Mardani
et al. 2009; Yang et al. 2008). A meta-analysis combining these two studies has also been
published (Engstrom et al. 2011). No differences were found as regards the reflux symptoms
or dysphagia between the two groups, while bloating was significantly more common if the
SGVs were divided (72% vs. 48%). In the meta-analysis, it is stated that the SGVs should
not be divided and the long-term outcome following LNF is actually worse if the vessels
are divided (Engstrom et al. 2011). A similar result with good outcomes for both of the
groups, with the exception of increased bloating (19% vs. 38%), has been reported in an
RCT from a different series with a one-year follow-up (Chrysos et al. 2001). In an RCT
with four years’ follow-up, no difference was observed in bloating (Ielpo et al. 2011). The
operating time is longer when the SGVs are divided (60-90 min vs. 100-115min) (Chrysos
etal. 2001; Ielpo et al. 2011).

2.714  Fibrin glue

There are three experimental animal studies reporting the use of fibrin glue to enhance the
scar formation between the serosal folds of the fundoplication wrap and the esophagus.
Lima et al. found all the wraps macroscopically intact two months later in ten suckling pigs
(Lima et al. 1997). Isolauri et al. found macroscopical and microscopical scar formation to
occur only when fibrin glue was used, while there was no scar formation in the groups with
sutures alone, sutures with Teflon pledgets, or sutures with mesh. Immunohistochemistry
and histological examinations confirmed the findings (Isolauri et al. 1997a). Doi et al. found
in pigs that rubbing sandpaper against the surfaces of the right and left gastric fundi makes
the wrap and the crura promote more scar formation macroscopically and microscopically
than fibrin glue or sutures alone three months after the operation (Doi et al. 2008).

2.71.5  Learning curve

The operating time, complication rate, conversion rate, and reoperation rate have been
found to be higher during a surgeon’s 20 first LNFs and the highest during the first
five. After having operated beyond 20 LNFs, the surgeons reached a plateau with little
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further improvement (Watson et al. 1996). In addition to the aforementioned parameters,
dysphagia, dilatations, and hospitalization were reduced when the surgeon had experience
of more than 30 LNFs compared to an experience of more than five. On the other hand,
at five years, there was no difference in the results of objective testing among the patients
operated by surgeons with different levels of experience (Broeders et al. 2011c). The
institutional plateau has been proposed to be reached after 50 operations (Watson et al.
1996). Also, after ONFs, the results have been noted to improve in relation to the surgeon’s
experience as regards reoperations, the number of defective wraps, and the symptomatic
status of the patients (Luostarinen and Isolauri 1999b).

2.7.2 Long-term results of open Nissen fundoplication

More than 60 years after the introduction of Nissen fundoplication, there are long-term
follow-up studies reporting results with 9.8-20 years’ follow-up after ONF (Broeders et
al. 2009b; Lundell et al. 2009; Luostarinen et al. 1993b; Mardani et al. 2011; Salminen
et al. 2012). The long-term symptomatic outcome after LNF and ONF has been proven
to be similar (Broeders et al. 2009b; Salminen et al. 2012). The rates of patients having
no heartburn have been 60.0-64.7, whereas the corresponding figures for regurgitation
have been 64.7-80.6 in long-term follow-up studies. The percentages of moderate to severe
heartburn and regurgitation have been 9.0-24.0 and 9.0-17.6, respectively (Broeders et al.
2009b; Luostarinen etal. 1993b; Mardani et al. 2011). Lundell et al. reported approximately
9% of patients having heartburn and 11% of patients having regurgitation, with no further
classification of the symptoms (Lundell et al. 2009). In Salminen’s study, heartburn and
regurgitation were dealt with as one entity, and 42.1% of the patients were noted not to
have heartburn and regurgitation while 23.7% suffered from moderate to severe heartburn
and regurgitation (Salminen et al. 2012). The number of patients reporting moderate to
severe dysphagia has been 10.5%-40% (Broeders et al. 2009b; Luostarinen et al. 1993b;
Salminen et al. 2012), while bloating and flatulence have been reported variedly. Mardani
et al. reported approximately 47% and 35% of patients suffering from moderate to severe
flatulence and bloating, respectively (Mardani et al. 2011). Salminen et al. reported 79.1%
of patients having moderate to severe flatulence and/or bloating (Salminen et al. 2012),
whereas Luostarinen et al. found that 48% of the patients had increased flatulence and/or
bloating (Luostarinen et al. 1993b). Lundell et al. reported that approximately 61% of the
patients expressed complaints of flatulence (Lundell et al. 2009). Patients are more satisfied
with the surgical results after LNF than ONF, and the risks of surgical intervention and
incisional hernias are higher after ONF than LNF (Broeders et al. 2009b; Salminen et al.
2012).
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2.7.3 LNF vs. ONF

There are two RCTs with long-term follow-up comparing LNF and ONF.

Broeders and colleagues published an RCT with ten-year results comparing LNF and
ONF. The study group consisted of 177 PPI-refractory patients, 79 (81%, LNF) and 67
(85%, ONF) of whom participated. The operative technique consisted of a floppy 2.5-3.0
cm long 360° wrap after the division of SGVs, full mobilization of the esophagus, and
posterior hiatoplasty. The symptomatic outcomes of the groups were statistically similar
regarding heartburn (no or mild, 94.9% LNF vs. 91.1% ONF) and dysphagia (no or mild,
92.4% LNF vs. 85.1% ONF), while LNF relieved regurgitation more efficiently (no or mild,
98.7% LNF vs. 91.0% ONF). There was no significant difference between the groups in the
improvement and state of their quality of life, readiness to choose surgery again (78.5%
LNF vs.72.7% ONF), and the use of acid suppressing drugs (26.6% LNF vs. 22.4% ONF).
There were six (7.6%) conversions in the LNF group. The risk for surgical re-intervention
was higher in the ONF group, as 15.2% (n=12) and 34.8% (n=24) of patients underwent
a re-intervention in the LNF and ONF groups, respectively. Furthermore, 2.5% (n=2) and
13.4% (n=9) of the patients in the LNF and ONF groups, respectively, were re-operated on
because of an incisional hernia. (Broeders et al. 2009b.)

Another RCT with long-term results (median follow-up 15.1 years) comparing the two
techniques reported objective results achieved by means of endoscopy. At baseline, 110
ERD patients were randomized to LNF or ONF groups. The operative technique varied to
some extent, as SGVs were ligated in five operations in both of the groups and hiatoplasty
was performed on four patients in the LNF group and one in the ONF group. Eighty-
six patients (LNF 87%, ONF 69%) participated, and 64 (71.9%) underwent endoscopy.
There were no statistically significant differences in symptomatic outcome between the two
groups. No or mild heartburn or regurgitation was reported by 77.1% and 76.3% in the
LNF and ONF groups, respectively. No or mild dysphagia was reported by a respective
91.7% and 89.5%. Moderate to severe bloating and flatulence was reported by 79.1% in
the LNF and by 71.1% in the ONF group. PPIs had been used by 46.5% of the patients in
the whole study cohort, while 15.1% needed PPIs on a daily basis. In the LNF group, the
patients were more satisfied with the surgical result, as 91.7% gave a positive evaluation
vs. the 76.3% in the ONF group, and 77.1% would have chosen surgery again in the LNF
group as opposed to the 65.8% in the ONF group. Significantly more fundoplication wraps
were observed to be defective in the ONF (46.4%) group than in the LNF (11.1%) group.
Defective wraps were associated with PPI use, heartburn, and regurgitation, and with a
negative evaluation of the result of surgery. Intact wraps were associated with bloating and
flatulence. Three conversions (6.2%) were made. There were no incisional hernias in the
LNF group, while the hernia rate in the ONF group was 25%. The reoperation rate was
7.3% in the ONF group and 5.5% in the LNF group (Salminen et al. 2012). From the same
series, results have also been reported 11 years postoperatively (Salminen et al. 2007).
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The patient satisfaction seems to be higher after LNF than after ONF, and incisional
hernias after open operations raise the risk of reoperations related to ONF.

2.74 LNF or ONF vs. medical treatment

There are three RCT series comparing the results of LNF and PPIs in the treatment of
GERD with three to seven years of follow-ups.

In a multicenter RCT conducted in 11 European countries (the LOTUS study),
a standardized LNF was compared to an adjusted dose of esomeprazole in patients
initially responsive to PPI treatment. Five-year follow-up results have been published. At
five years, the participation was 73% (n=180) in the surgical group and 72% (n=192) in
the medical group. An estimated 85% of surgical patients and 92% of medically treated
patients remained in remission. The remission rate in the LNF group deteriorated slightly
between three (90%) and five years. A need for acid-suppressive drugs, newly-onset
symptoms needing intervention, and reoperations were classified as treatment failures in
the surgical arm, while an insufficiency of esomeprazole 40mg/day to control heartburn
or regurgitation was considered a failure in the medical arm. The operated patients had
less heartburn (not significant) and regurgitation while medically treated patients had less
dysphagia, flatulence, and bloating. HRQoL was measured using the Quality of Life in
Reflux and Dyspepsia and the Gastrointestinal Symptom Rating questionnaires. In both
groups, the mean scores for all dimensions improved and remained close to the values of
a healthy population. There was no mortality caused by the treatments, and the safety
profiles were similar (Galmiche et al. 2011).

Anvari et al. published an RCT comparing patients with long-term GERD medication
three years after randomization to LNF or optimized medical therapy. They recruited 104
patients with excellent symptom control and a continuous use of PPI for at least one year.
At three years, the follow-up rates were 88% for the PPI group and 96% for the surgical
group. Both groups had similar and significantly better control of reflux symptoms. In the
surgical group, patients experienced significantly more heartburn-free days. Both groups
improved in the 24h pH monitoring, and there was no significant difference between the
two, albeit acid exposure was normalized in the surgical group, whereas that of the medical
group remained pathological. The global symptom control measured using VAS and the
quality of life measured using the SF-36 improved more and were significantly better in the
surgical group. The rates of treatment failure were 11.8% and 16% in surgical and medical
groups, respectively. All six patients whose treatment failed in LNF group resumed PPI
therapy, and four were re-operated on. Eight patients in the medical group underwent LNF
due to PPI failure. There were no intraoperative complications nor major morbidity or
mortality. Four LNF patients had dysphagia, and seven reported bloating at three months.
No adverse events were reported in the medical group (Anvari et al. 2011).
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In an RCT by Mechta et al., 183 patients with an at least six-month symptom history,
and a minimum of three months’ PPI therapy and objectively verified GERD, were
randomized to either the PPI (n=92) or the LNF (n=91) group. After 12 months, the
PPI-treated patients were given a chance to have surgery. A further 54 patients chose to
undergo LNF, which left 38 patients in the PPI group. After a follow-up of a median of 6.9
years, a questionnaire was sent to the patients and 79% responded. There was a significant
reduction in symptom scores in both the surgically and the medically treated, as well as
in those who chose surgery at one year. Of those who remained on PPIs, 59% were very
satisfied compared with 80% of the surgery group. There were no conversions or mortality.
Two patients suffered an esophageal injury and two patients a splenic injury, which were
all managed laparoscopically and caused no postoperative sequelac. During the early
recovery period, four patients had dysphagia requiring dilation, and two patients had wrap
migration and a reoperation. In the PPI group, 10% of the patients had side effects, such
as headache, diarrhea, vomiting, or abdominal pain, which required a change of the PPI
(Mehta et al. 2006).

The only RCT with long-term results comparing surgical and medical treatment reports
the outcome of ONF and omeprazole treatment at twelve years. Only 37% (n=53) of patients
in the surgical group and 46% (n=71) in the medical group were available for follow-up.
The patients included had ERD at baseline. The patients treated surgically had significantly
less heartburn and regurgitation than those treated with omeprazole, whereas dysphagia,
flatulence, impaired belching, and inability to vomit were significantly more common in
the surgery group. In 38% of the patients treated surgically, medical treatment or another
operation were also required, whereas a change in therapeutic strategy was noted in 15%
of the medically treated patients. Twenty-one of the 155 (14%) patients originally treated
with PPIs were referred for operative treatment. The GSRS and Psychological and General
Well-Being Index gave similar scores for both groups, and the scores were comparable to
those of a normal population. There was no treatment-related mortality. One patient in the
fundoplication group developed esophageal cancer (Lundell et al. 2009).

A recent Cochrane review comparing laparoscopic fundoplication and medical
treatment found four RCT series which were accepted in the study. In addition to the above-
mentioned studies, a report by Grant et al., which also includes partial fundoplications,
was included. It was concluded that a smaller proportion of patients suffer from the
typical symptoms of GERD (heartburn and regurgitation) after surgical treatment than
after medical treatment, while the proportion of patients with serious adverse events
and dysphagia was higher after surgery. It was noted that the grading of symptoms was
inadequate. In the balance of benefits versus harms considerable uncertainty remained
between laparoscopic fundoplication and PPIs (Garg and Gurusamy 2015).
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2.7.5 LNF in low-volume centers and at the general level

Most of the studies reporting results of antireflux surgery are from highly specialized
centers, but a significant proportion of the operations are performed at the general level
in smaller hospitals, which may not be as specialized as the high-volume centers, or the
operation rates are lower (Sandbu etal. 2002; Varban et al. 2011; Viljakka et al. 1997). There
are five studies from the US and one study each from Sweden and Norway investigating the
national LNF results outside the high-volume centers. Only the Norwegian study provides
along-term follow-up.

The study by Vakil et al. found the results from low-volume centers of US communities
to be poorer than what has been reported from the referral centers, as only 61% of the
patients were completely satisfied and 67% reported newly-onset symptoms after the
operation. Also, the symptomatic outcome was suboptimal. It was found that many of
the patients had false expectations concerning the operation, and the need for adequate
patient education and informing was noted (Vakil et al. 2003). In a study comparing high-
and low-volume centers in North Carolina, it was observed that, even though low-volume
centers perform LNF on younger patients with less comorbidities, low-volume centers had
more intraoperative punctures or lacerations (3.3% vs. 0.9%). There was no mortality or
difference in the median length of hospital stay (Varban et al. 2011).

The studies by Ranson et al. and Tucker et al. demonstrated that, with an adequate
preoperative work-up and dedication to LNF, results comparable to those from referral
centers can be achieved at a general level (Ranson et al. 2007; Tucker et al. 2005). Good
results have also been documented from low-volume centers by using a standardized
preoperative examination protocol and operative technique (Kornmo and Ruud 2008;
Xenos et al. 2001).

Somewhat conflicting results were reported in a Swedish study comparing the results
of high- and low-volume hospitals (<8 operations per year). The patients of high-volume
centers had more postoperative heartburn (11.0% vs. 6.8%), regurgitation (8.6% vs. 5.3%),
dysphagia (10% vs. 9.1%), and dissatisfaction with the procedure (15% vs. 13.9%), and
they were re-operated on more often (6.0% vs. 2.9%), whereas the patients of low-volume
centers reported more operation-related side effects, such as difhiculties in belching (46.0%
vs. 29.0%), difhculties in vomiting (55.3% vs. 39.0%), and daily complaints of gas-bloat
symptoms and flatulence (39.1% vs. 31.8%). None of the variables reached statistical
significance. Medication was used at least once a week by 19.5% and 11.1% of patients in
the high- and low-volume groups, respectively (Sandbu et al. 2002).

The quality of the studies reporting LNF results from low-volume centers is variable.
None of the studies reported objective outcomes. On the basis of subjective outcomes, it
seems that, with an appropriate pre-operative work-up and correct indications, adequate
results may be achieved at a general level and even in low-volume centers. On the whole,
the reported surgery-related complications are rare. Postoperative symptoms are variably
described, and some studies lack the description of the operative technique, but it seems
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that treatment-related side effects are a major complaint (Kornmo and Ruud 2008; Ranson
etal. 2007; Sandbu et al. 2002; Vakil et al. 2003), which may, in part, be a consequence of
issues with the indications. The application of a technique with the division of the SGVs
(Kornmo and Ruud 2008; Ranson et al. 2007; Tucker et al. 2005; Xenos et al. 2001) may
also increase the side effects (Engstrom et al. 2011). The infrequency of the operations may
drive a surgeon to perform the division of the SGVs in order to achieve aloose enough wrap
more easily.

2.76 LNF in the elderly

The safety of the surgical treatment of GERD in the elderly has been contemplated on.
The two studies comparing older and younger patients (265 or 1864 years in the study by
Fei et al.; >70 or <70 years in the study by Wang et al.) found a similar subjective outcome
between the groups, and in the study by Fei et al., there was also no difference in objective
outcome measures. There was no mortality, and no conversions were done, and the only
difference in the complications was observed in the study by Wang et al., in which three
patients (9%) in the elderly group had a minor complication (2 cases of pneumonia and 1
dysphagia with no revision required), whereas in the younger age group, one (0,5%) patient
had a subcutaneous emphysema (Fei et al. 2013; Wang et al. 2008).

A prospective study by Grotenhuis et al. compared operative treatment of large
paraesophageal hernias (n=129) and GERD (n=381) in patients >70 years of age. LNF was
performed on 40% of the patients, whereas the rest underwent a partial fundoplication. The
intraoperative complication rates were 7.0% and 3.7% for the hernia and GERD groups,
respectively, and the respective postoperative complication rates were 10.1% and 4.9%.
Two patients in the hernia group died perioperatively: one because of septic shock caused
by an esophageal perforation and the other because of cardiac failure after a myocardial
infarction. The reoperation rate and satisfaction with the treatment as well as the use of
postoperative medication were comparable to the literature (Grotenhuis et al. 2008).

It seems that the risk of complications is slightly increased in the elderly, whereas
the results concerning reflux control are comparable to the younger patients. To prevent
postoperative dysphagia in the elderly, a partial fundoplication has been proposed to be
used (Broeders et al. 2013).

2.7.7 Antireflux surgery and Barrett’s esophagus

The possible ability of antireflux treatments to prevent BE from developing into EAC is an
important subject, but a hard one to study.

The loss of short-segment IM has been reported in 27.3%-61% of patients after LNF
(Csendes et al. 2009; Oeclschlager et al. 2003; Zaninotto et al. 2012), whereas none of
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the patients with long-segment metaplasia regressed in the studies by Oelschlager and
Zaninotto (Oelschlager et al. 2003; Zaninotto et al. 2012). The overall rate of complete
loss of IM was 17% in the review by Chang et al. after surgical treatment (Chang et al.
2007). In a Finnish population-based study from 1980 to 2006, 5.1% of EAC patients had
been operated on because of GERD. In patients with an intact fundoplication, EAC had
developed at a mean interval of 6.4 years, whereas in those with a failed fundoplication,
the interval was significantly longer (11.2 years). Only 30% of EAC patients had a normal
function of the fundoplication (Kauttu et al. 2011). It has been proposed that, if genetic
alterations have already taken place at the time of surgery, the cancer occurs within the first
postoperative years, while a later-developing cancer might associate with a failure of the
fundoplication (DeMeester 2015; Kauttu et al. 2011).

There is only one RCT comparing medical and surgical treatment of Barrett’s
esophagus with IM. No difference was found between the treatments in preventing BE
from progressing into dysplasia and EAC after a median follow-up of 5 years in the medical
group and 6 years in the surgical group, but only one low-grade dysplasia was found among
the patients with an intact fundoplication. There were no cases of complete regression
of IM. The incidences of EAC were 0.8% and 0.5% per year in the medical and surgical
groups, respectively (Parrilla et al. 2003). Zaninotto et al. also reported better results after
successful LNF than after PPIs as far as a higher intestinal metaplasia reversion rate in
short-segment BE is concerned, but not with long-segment BE (Zaninotto et al. 2012).

In a systematic review-article by Chang et al. comparing the incidence rates of EAC
in patients with Barrett’s esophagus and treated with antireflux medication or surgery,
no convincing difference was found. The review consisted of various surgical treatments,
and the heterogeneity in the incidence of EAC among surgically treated patients between
different types of studies was considered to be possibly due to publication or inclusion
biases (Chang et al. 2007).

In summary, LNF does not seem to prevent the development of EAC, but there is some
evidence suggesting that an intact fundoplication might reduce the risk of malignancy.
The low incidence of EAC makes the conduction of adequately powered studies difficult.
It secems that a well-functioning fundoplication promotes the regression of intestinal
metaplasia, while the diagnosis between dysplasia and inflammation is a confounding
factor (Chang et al. 2007; DeMeester 2015).

2.7.8 LNF in NERD patients, LNF and non-acidic reflux

There are two comparative studies with mid-term follow-up confirming equal results after
fundoplication for NERD and ERD patients with objectively verified GERD, and one study
suggesting similar results for patients with esophageal acid hypersensitivity (Broeders et al.
2009a; Broeders et al. 2010b; Kamolz et al. 2005). Also, good results have been reported
with negative pH monitoring but a positive total number of reflux episodes or positive SI
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detected with MII-pH (del Genio et al. 2008). In the short term, it has been reported that
Nissen fundoplication markedly decreases acidic, weakly acidic, duodenogastroesophageal,
liquid, and mixed refluxes (Broeders et al. 2011a; Elhak et al. 2008). The decrease in gas
reflux was also statistically significant, but less prominent after LNF with a division of
SGVs (Broeders et al. 2011a). The established reflux-symptom correlation seems crucial in

order to achieve successful results, as poorer results have been reported in the case of no
confirmed relation (Khajanchee et al. 2004).

2.7.9 LNF vs. partial fundoplications

2.791  LNF vs. partial posterior fundoplication

There is one RCT comparing LNF and laparoscopic posterior 270° fundoplication (Toupet,
LTF) with follow-ups of 5.0 and 4.6 years for each group, respectively. One hundred
patients with PPI-dependent ERD or with objectively verified PPI-resistant GERD were
included. The operation included routine hiatoplasty and the division of SGVs. In the LNF
group, higher postoperative wrap pressure (15.28mmHg vs. 12.07mmHg) and increase in
LES pressure (11.9mmHg vs. 5.3 mmHg) were measured. There were no differences in the
results of 24h pH monitoring. There were no statistically significant differences between
the two groups in any symptoms at any point, with the exception of higher preoperative
bloating in the LTF group. The results for pre- and postoperative esophageal dysmotility
or dysphagia were similar. Recurrent GERD symptoms developed in 16.84% (n=16) of
the patients, eight patients in each group. The groups were equally satisfied with the results
of surgery. There were no conversions. The overall revision rate was 7.4%. The reasons for
revision in the LNF group were: recurrent GERD in 1, dysphagia in 2, and slipped wrap
in 1 case. All the three revisions in the Toupet group were made due to recurrent GERD
(Shaw et al. 2010).

A long-term follow-up RCT comparing ONF and open Toupet fundoplication with
a mean follow-up of 18 years has been published. Follow-up data was obtained for 53.3%
(n=73) of the original study population. There was no difference between the groups in the
scores for heartburn, regurgitation, dysphagia, gas bloating, and flatulence. It was noted
that the treatment-related side effects, such as bloating and flatulence, improved over time
in the ONF group (Mardani et al. 2011).

In a systematic review and meta-analysis comparing LNF and LTF, it was suggested
that LTF reduces dysphagia and the need for dilatation, and gas-related symptoms and re-
operations were more common after LNF, while reflux control between the techniques was
similar. The respective rates of postoperative dysphagia and dilatation were 13.5% vs. 8.6%
for LNF and 6.9% vs. 2.7% for LTF. The number of surgical re-interventions was 7.0% vs.
3.1%. The higher number of surgical re-interventions in the LNF group was explained by
the higher incidence of postoperative dysphagia. The review included seven RCTs with
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relatively small numbers of patients each, and the follow-up periods were restricted to 1 year
(n=4), ~2 years (n=2), and to five years in one (Broeders et al. 2010a). It has been noted that
the treatmentrelated side effects diminish over time after Nissen fundoplication (Broeders
et al. 2011b; Broeders et al. 2013; Mardani et al. 2011; Salminen et al. 2012), so it can be
expected that the advantage of LTF in light of side effects may diminish with the length
of follow-up. In addition, although the in-hospital complications were statistically similar,
there were three esophageal perforations after LTF and none after LNF. The greater number
of esophageal sutures in LTF may increase the risk for esophageal perforation (Broeders et
al. 2010a).

2.79.2  LNF vs. partial anterior fundoplication

There are two RCTs with long-term follow-up comparing the results of LNF and
laparoscopic partial anterior fundoplication (LAF).

Djerf et al. reported the results of a multicenter RCT concerning LNF vs. laparoscopic
anterior 120° fundoplication after a median follow-up of 10.1 years. Seventy-two patients
with objectively verified PPI-responsive GERD were randomized to the two groups.
Posterior hiatoplasty was performed on all of the patients, while division of the SGVs was not
performed in the LAF group and, in LNF group, the division was performed when needed.
A respective 32 (89%) and 29 (81%) patients in the LNF and LAF groups participated at
ten years, and a total of 30 patients underwent pH and endoscopy studies. One patient in
the LNF group underwent conversion because of adhesions and subsequently developed
an incisional hernia. There were neither reoperations nor any difference in heartburn,
regurgitation, dysphagia, or flatulence between the groups during the first year, but more
patients in the LAF group were able to belch at one year. After ten years, the LAF group
had a higher incidence of heartburn, while the symptom levels in both the groups were
modest. In addition, the LAF group reported less flatulence and dysphagia, and more
patients were able to belch and vomit at ten years. Dysphagia increased in the LNF group
between 1 and 10 years. At ten years, 25% and 34% of the patients in the LNF and LAF
groups, respectively, used PPIs daily or weekly. At 1 year, 14.2% in the LAF group and 3.3%
in the LNF group had crosive esophagitis, while, at ten years, only one patient in the LAF
group had Grade A esophagitis. All patients in the LNF group (n=13) had endoscopically
intact wraps, while three wraps (17.6%) in the LAF group (n=17) were defective. In 24h pH
monitoring, a higher acid exposure was recorded in the LAF group at one year, although
the results were within the normal range in both groups. There was no difference between
the groups in 24h pH monitoring at ten years. There were no differences in quality of life
between the groups as measured using the Psychological General Well-Being index (Djerf
etal. 2016).

The longest follow-up comparing LNF and laparoscopic partial fundoplications is
reported by Broeders et al. in a study comparing LNF and laparoscopic anterior 180°
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partial fundoplication after 14.0 and 14.2 years, respectively. Originally, 103 patients
with objectively verified GERD were enrolled, and early results were published. For the
long-term follow-up, all patients who had not undergone a re-operation were invited to
participate, and subjective and objective results were obtained if the patient was compliant.
In the LNF group, 46 (86.6%) patients were available for subjective measuring and 10
patients for subjective and objective measuring. The corresponding numbers for the LAF
group were 41 (75.9%) and 8. Patients in the LAF group more frequently suffered from
heartburn, while patients in the LNF group were more likely to have dysphagia for solids
but not for liquids and the overall dysphagia was higher. There was an increasing trend in
the heartburn scores of the LAF group after five years. There was no difference in bloating,
inability to belch, or inability to relieve bloating, and the gas reflux, gastric belches, or
belches experienced by the patients were also the same between the groups, suggesting that
the short-term differences in gas reflux disappear over time. There was no difference in
patient satisfaction during the follow-up. More reflux episodes were detected in the LAF
group. One out of 8 patients in the LAF group and 7 out of 10 in the LNF group had no
esophageal acid exposure. The LES pressures were lower in the LAF group (Broeders et al.
2013).

In a meta-analysis comparing LAF to laparoscopic posterior fundoplications (Nissen
and Toupet), it was found that LAF had lower dysphagia scores, while the posterior
fundoplications were associated with better heartburn control on a short-and medium-term
basis when compared to LAF. The authors concluded that the posterior fundoplications are
better alternatives to LAF for controlling GERD symptoms (Memon et al. 2015).

The results after LNF and partial fundoplications are close to being similar. LNF seems
to offer a more extensive relief of typical GERD symptoms, but dysphagia is reported more
often in connection with LNF than partial fundoplications. Broeders et al. suggested
LNF for younger patients to ensure durable reflux control and LAF for older patients to
minimize dysphagia (Broeders et al. 2013).

2.710 The durability of LNF wraps, the long-term results of LNF
in routine clinical practice, and the possible lifelong relief
of reflux symptoms after Nissen fundoplication

In general, the treatment of GERD aims to enhance the patients’ quality of life. The
prevailing surgical treatment, Nissen fundoplication, is an invasive procedure, which alters
the anatomy of the GEJ irreversibly. High numbers of endoscopically detected defective
fundic wraps have been reported after ONFs, but the knowledge concerning the durability
of the wraps after LNF has been scarce (Luostarinen et al. 1993b; Rantanen et al. 1999;
Salminen et al. 2012). Most of the studies reporting results of antireflux surgery are from
highly specialized centers, but a significant proportion of the operations are performed at
a general level in smaller hospitals (Sandbu et al. 2002; Varban et al. 2011; Viljakka et
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al. 1997). There are few studies reporting long-term results from routine clinical practice,
and the longest follow-ups in the reports are limited to 20 years (Luostarinen et al. 1993b;
Robinson et al. 2015). The pragmatic long-term follow-up results of LNF as well as the
extremely long-term follow-ups mimicking the lifelong results of Nissen fundoplication
have been lacking.
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3 AIMS OF THE STUDY

The aims of this study were to analyze the long-term results of LNF in routine clinical
practice and to estimate the lifelong symptom control of Nissen fundoplication, in addition
to studying the impact of the introduction of LNF on the surgical treatment of GERD.

The specific aims were as follows:

1. To describe the indications, operative technique, and annual rates of antireflux
surgery in Kanta-Hime Central Hospital after the adoption of the laparoscopic
technique.

2. To define the long-term results of LNF with regard to health-related quality of life
ten years after the operation.

3. To study the long-term durability of the surgical results of LNF in routine clinical
practice ten years after the operation and to depict the subjective outcomes as well as
the impact of fibrin glue on the incidence of surgical failure.

4. To present almost lifelong follow-up (>30 years) after ONF in terms of subjective
outcomes and health-related quality of life and to describe the indications for
antireflux surgery before the laparoscopic era.
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4 MATERIALS AND METHODS

The study populations consisted of two branches. The first branch included patients
operated on at Kanta-Hiame Central Hospital between 1991 and 2000, and the second
branch consisted of patients operated on at Tampere University Hospital between 1983 and
1984. The profiles of the studies are illustrated in Figure 5, and the patient characteristics
are described in Table 5.

269 antireflux operations between
1991-2000
in Kanta-Hame central hospital

38 prospectively followed ONFs
between 1983-1984
................................. |n Tampere Un|VerS|ty hospltal

9LTFs
i 2 Russel operations
= i 14 died
258 Nissen fundoplications i 7 non-attending

analyzed in the study |

A

17 patients attending the study IV
A 31-33 years after the operation

107 LNFs between 1997-1999

11 refused
: 16 could not be contacted
> 5failed to attend or immobile
£11 died
v Seesersestactcrscrsrscactsractsrscssrsracrsnse o<
64 patients
for objective and subjective testing
ten years after the operation
in the studies Il & Il

Figure 5. Study profiles
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Table 5. Patient characteristics

Characteristic Study | Studies I1-IlI Study IV
Mean age at operation (years) 53 52 43
Male gender (%) 58 63 47

41 The impact of fibrin glue in the prevention of
failure after Nissen fundoplication (1)

In Kanta-Hiame Central Hospital, 269 patients were operated on for GERD in 1991-
2000. Our analysis (in study I) focused on Nissen fundoplications, the number of which
during the same period was 258. The preoperative symptoms, antireflux medication, and
demographic data of the study population as well as the details of the operation were
collected retrospectively. Peri- and postoperative complications, complaints, and symptoms
were recorded. The information from the routine outpatient clinic visits was analyzed. Pre-,
peri- and postoperative data was collected from hospital records using a structured form
drawn up by the authors.

4.2 Health-related quality of life 10 years after laparoscopic
Nissen fundoplication — results of a community-based
hospital (/) & endoscopic evaluation of laparoscopic Nissen
fundoplication: 89 % success rate 10 years after surgery (Il)

In the 1990s, the use of the laparoscopic technique gradually became more common in
the Kanta-Hime Central Hospital, and the year 1996 was the first when the majority
of the operations were LNFs. To avoid a possible learning curve bias, we focused on the
following three-year period (1997-1999) for studies II and III. With partial and open
fundoplications excluded, but laparoscopic procedures which had been converted included,
the total number of LNFs during the three years was 107.

All patients were mailed a form consisting of questionnaires with symptom scores and
a HRQoL instrument. The patients who participated were interviewed in 2008-2009 by
a nurse who had not previously taken part in the treatment of the patients. The form was
filled out in collaboration with the nurse.

The HRQoL was measured using a multidimensional generic 15D instrument, and a
comparison was made between our patient group and an age- and sex-standardized general
Finnish population. The 15D dimensions are: vision, hearing, breathing, sleeping, cating,
speech, excretion, usual activities, mental function, discomfort and symptoms, depression,
distress, vitality, and sexual activity. The valuation system of 15D is based on an application
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of the multi-attribute utility theory. The 15D score, representing the overall HRQoL on a
0-1 scale (1 = full health, 0 = being dead), and the dimension level values, reflecting the
subject’s reported level relative to no problems in the dimension (=1) and to being dead
(=0), are calculated from the health state descriptive system using a set of population-based
preference or utility weights. (Sintonen 2001.)

To evaluate heartburn, regurgitation, and dysphagia, the four-point (none, minimal,
moderate, severe) DeMeester-Johnson reflux scale was used (Demeester et al. 1976).
Bloating and flatulence were assessed using a similar four-point scale. With every symptom,
the preoperative and the current condition was evaluated.

The satisfaction level with the preoperative condition and with the results of surgery
was graded as satisfied, undecided, and unsatisfied. The patients evaluated whether they
would still undergo surgical treatment with the benefit of hindsight.

The postoperative use of antireflux medication and postoperative interventions, such
as esophageal or pyloric dilatations and re-operations due to failed antireflux surgery or
wound problems, were gathered.

Upper gastrointestinal endoscopy was performed on the patients by two of the
authors after the interview. The endoscopists did not know the results of the interview
when performing the endoscopy. The appearance of the fundic wrap was noted along
with esophagitis, macroscopically metaplastic areas, and hiatal hernia. The fundic wrap
was classified as defective if a distinct gastric pouch above the narrowing caused by the
folds of the wrap could be observed (Slipped Nissen), or if there were no visible folds (total
disruption) or only distorted, loose folds (partial disruption) at the GEJ. If a gap was found
beside the fundic wrap, a recurrent hiatal hernia was recorded and classified. A defective
fundic wrap was classified as a surgical failure. All the wraps were photographed, and the
photographs were analyzed later in conjunction with the other authors.

4.3 Does Nissen fundoplication provide lifelong reflux control?
Symptomatic outcome after 31-33 Years (IV)

Between January 7, 1983, and November 6, 1984, single surgeon’s 38 consecutive patients
underwent ONF at Tampere University Hospital. On December 7, 2015, the hospital
records of the patients were reviewed to gather information for study IV about the
preoperative evaluation, symptoms, indications for surgery, and the operative technique.
The medical history concerning GERD was examined, and re-interventions and
complications (reoperations, endoscopies and incisional wound issues) were searched for.
Death certificates for the 14 patients who had died were requested from Statistics Finland.

Questionnaires were sent to the 24 patients still living regarding symptoms, satisfaction,
HRQoL, antisecretory medication use, and further interventions. When not returned, the
questionnaires were resent a further two times.
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The symptom ratings were accomplished with the GSRS, the Visick score, VAS
(bloating and flatus), and the DeMeester-Johnson reflux scale (heartburn, regurgitation,
and dysphagia). New-onset symptoms after the procedure were inquired about. The GSRS
consists of 15 items of gastrointestinal symptoms, which are further divided into five
clusters. The five clusters consist of gastroesophageal reflux, abdominal pain, indigestion,
diarrhea, and constipation. Each item of the GSRS has a seven-point Likert-type scale
where 1 represents the absence of bothersome symptoms and 7 represents very bothersome
symptoms (Revicki et al. 1998b). The Visick score is a four-point scale to assess the effect of
the treatment (1, no symptoms — resolved; 2, mild occasional symptoms easily controlled
— improved; 3, mild symptoms not controlled — unchanged; 4, not improved — worsened)
(Visick 1948). The VAS gives points from 0 (normal) to ten (worst possible symptoms)
(Reading 1989). To simplify the comparisons between different symptoms, the VAS values
were converted into a four-point symptom severity scale as follows: 0=none, 1-33=minimal,
34-66=moderate and 67-100=severe.

The HRQoL was evaluated using the 15D instrument (Sintonen 2001).

The patients were requested to define both the preoperative and the current situation
with regard to every symptom and instrument.

The satisfaction levels with the preoperative condition and with the results of surgery
were stated as satisfied, undecided, or unsatisfied, and the willingness to choose operative
treatment again in retrospect was inquired about.
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5 STATISTICAL ANALYSIS

(I) Univariate analysis using a Chi-square test was made for statistical comparisons. A
multiple logistic regression model was used to identify independent factors related with
failure. (II) The differences between the two groups’ mean (median) 15D scores and
dimension level values were tested using the Mann-Whitney U test. To explore the extent
to which a lungdisorder and dissatisfaction with the results of surgery might affect the 15D
score, a regression model was run with the 15D score as the dependent variable and age, sex,
lung disorder, and dissatisfaction with the results of surgery as explanatory variables. (III)
The comparisons between pre- and postoperative symptoms and satisfaction levels with
the treatment were made using a marginal homogeneity test. The relationship between
surgical failure and other variables were estimated using the Linear-by-Linear association
test. The Chi-square test was used to search associations between postoperative PPI use
and explanatory factors. (IV) A marginal homogeneity test was used to calculate statistical
significance between pre- and postoperative values as regards heartburn, regurgitation,
dysphagia, and Visick score. A pairwise T test was applied to evaluate GSRS and 15D mean
values. The Wilcoxon test was applied when analyzing the VAS data. The values of 15D
data were assessed with the Mann-Whitney U test. P-values less than 0.05 were considered
significant. Statisticians outside the research group were used to run the statistics.
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6 ETHICAL CONSIDERATIONS

Patients recruited for the study signed an informed consent. Studies I-IIT were approved
by the Ethical Committee of Kanta-Hime Central Hospital (Dnro ¢7/2002 and Dnro
414/2007). Study IV was approved by the Ethical Committee of Kuopio University
Hospital (Dnro 381/2015).
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7 RESULTS

71 The Impact of fibrin glue in the prevention of
failure after Nissen fundoplication (1)

In 1991-2000, the patients enrolled in study I were operated on only due to objectively
verified GERD at Kanta-Hame Central Hospital. Of the patients, 70% had ERD, and
91% of 24h pH monitoring studies showed pathological acid exposure. The preoperative
work-up consisted of pH monitoring (86.8%), manometry (78.8%), and cither endoscopy
(99.2%) or a barium esophagram (0.8%).

The 258 operations were performed by 12 different surgeons, and a significant increase
in the total number of operations per year (p=0.034) was noted. There were 201 LNFs
and 57 ONFs during the study period. The first LNF was performed in 1994, and the
number of LNFs increased until peaking at 49 operations in 1998. The wrap was calibrated
with a nasogastric tube (52%), an endoscope (17.8%), or an cither 48 or 52 French bougie
(30.2%). The division of SGVs was carried out in 22.5%, hiatoplasty in 53%, and anchoring
of the wrap in 76% of the patients. Fibrin glue was used to strengthen the wrap in 53.5%
of the cases. The use of a fixation suture of the wrap (p=0.002) and hiatoplasty (p<0.001)
increased markedly over the study period (Figure 6).

The mean follow-up was 61.5 months (range 21-137 months). Recurrent esophagitis,
a defective fundic wrap, or recurrent hiatal hernia was detected in 14.9% of the patients
during the routine outpatient clinic control visits. There was no difference between the
ONF (15.8%) and LNF groups (8.5%). The conversion and reoperation rates were 11.9%
and 3.9%, respectively. In multivariate analysis, hiatoplasty (p=0.010) and fibrin glue
(p=0.019) were found to be independent factors decreasing the incidence of failure, when
failure was defined as recurrent esophagitis or defective wrap. The wrap failure rates in
relation to the use of fibrin glue are presented in Table 6.
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Figure 6. The annual percentages of the use of hiatoplasty, anchoring of the wrap, fundic mobilization,
and fibrin glue

7.2 Health-related quality of life 10 years after laparoscopic Nissen
fundoplication — Results of a community-based hospital (1)

The participation rate in study II was 59.8% (64 out of 107 patients). The participation
rate of the still-living patients was 66.7%. The mean follow-up time was 9.8 years. The
review of patient records revealed no late complications or re-operations among the 43 non-
participating patients. Nine patients (14.1%) reported having a lung disorder, the prevalence
of which is higher than what is found in the general Finnish population. Otherwise, the
morbidity was comparable to the general population.

Preoperatively, 90.6% had been unsatisfied with their condition, while only 6.3% were
unsatisfied with the results postoperatively. Dysphagia was the most common reason for
discontent.

The mean 15D score of our patient group was 0.860, whereas the mean score for the
age-standardized general population was 0.888 (p=0.030). The mean 15D scores, as
well as the scores in any of the individual dimensions, were similar between men and
women. The mean values of patients for breathing, sleeping, excretion, discomfort and
symptoms, and depression were lower, and the values for vision were higher than those of
the age-standardized general population. Additionally, there was a statistically significant
difference in the median level value for the dimensions of eating, distress, and vitality. The
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mean 15D score of the satisfied patients was 0.870 (median 0.890), which is clinically the
same as that of the general population.

A lung disorder decreased the mean 15D score by 0.068 (p=0.039), and dissatisfaction
with the treatment decreased the mean 15D score by 0.069 (p=0.023). Thus, subjective
failure of the treatment was found to be a reducing factor in HRQoL.

7.3 Endoscopic evaluation of laparoscopic Nissen fundoplication:
89 % success rate 10 years after surgery (11l)

The study population of study III consisted of the same patients that were enrolled in study
II.

A defective wrap was found in seven (10.9%) endoscopies. A slipped Nissen was detected
in six patients and a wrap disruption in one. A defective wrap was classified as surgical
failure. Surgical failure was more prevalent if fibrin glue was not used (Table 6; P= 0.036).
The wrap was not fixed in two and fibrin glue was not applied in four out of the six cases
with a slipped Nissen. One slipped Nissen had occurred despite the fixation and the use of
fibrin glue.

Table 6. The wrap failure rates with and without fibrin glue

Study | ]
wrap failure rate with fibrin glue % 6 6
wrap failure rate without fibrin glue % 8 29

The reoperation rate was 4.7% (n=3). Two of the reoperations were performed for an
endoscopically verified slipped Nissen and symptom recurrence, and one because of
dysphagia and weight loss. The dilatation rate was 7.8%. One patient had a dilatation for
ventricle retention (pyloric dilatation). No dilatations had been performed on the non-
attending patients in our hospital. Three patients had undergone a postoperative hernia
repair (4.7%). The postoperative use of antisecretory medication was 26.6%, whereas 9.4%
of the patients were on continuous medication. A correlation was found between the use
of antisecretory medication and surgical failure (p=0.025), but not with the prevalence of
esophagitis (p=0.099).

No or only minimal heartburn was reported by 90.6% (p<0.001; Figure 7) and no or
only minimal regurgitation by 95.3% (p<0.001; Figure 8) of the patients. The patients with
a defective wrap had more heartburn (P=0.004) and regurgitation (P=0.012) than those
with an intact fundoplication wrap. An increase in dysphagia was noted (p=0.026; Figure
9)—64.1% of the patients reported no or only minimal dysphagia, 32.8% had moderate
dysphagia, while 3.1% suffered from severe dysphagia. The division of SGVs was carried
out in only seven patients in the study group, four of whom had no dysphagia and one only
minimal dysphagia.
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Figure 7. The heartburn rates after the long-term follow-ups
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Figure 8. The regurgitation rates after the long-term follow-ups
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Figure 9. The dysphagia rates after the long-term follow-ups

Of the treatment-related side effects, besides dysphagia, an increase in flatulence (p=0.024)
was observed, with 67.2% of patients reporting moderate to severe flatulence. There was no
statistically significant change in bloating,

In retrospect, 89.1% of the patients would have chosen surgery as a treatment again,
while 6.3% would not. The patient satisfaction increased significantly after the operation
(P<0.001). Fifty-three (82.8%) patients were satisfied with the results of the surgery, four
(6.3%) were dissatisfied, and seven (10.9%) were unsure about their opinion (Figure 10).
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Figure 10. The satisfaction with the treatment after the long-term follow-ups

65



Only two patients felt the preoperative situation had been better than the postoperative
situation.

74 Does Nissen fundoplication provide lifelong reflux control?
Symptomatic outcome after 31-33 Years (IV)

In study IV, the review of the patient records revealed that the indications for the operation
were ERD in 22 (57.9%) patients, positive pH or Bernstein test in 7 (18.4%) patients,
and H2-blocker-resistant heartburn and/or regurgitation and a hiatus hernia or BE in
9 (23.7%) patients. The participation rate among the 24 still living patients was 70.8%
(n=17), although one patient only responded to the questions concerning GSRS and
satisfaction with the results of surgery. The attending patients were, on average, 43.4 (range
30-59) years old at the time of the surgery and 69.5 (range 61-87 years) years at the time of
answering the questionnaires. The mean follow-up time was 32.0 (range 31.3-33.0) years.
When summarizing the results of the questionnaires and the information from the hospital
records, it was noted that six out of the 38 patients (15.8%) had used antireflux medication
after the surgery. Two patients used occasional medication (one used PPIs and the other
alginate), while four were on continuous medication (three patients used PPIs and one H2
blockers). The indications for medication were: heartburn (n=2, PPIs), upper abdominal
pain (n=2, H2 blocker + alginate), and the use of non-steroidal anti-inflammatory
drugs (n=2, PPIs). Endoscopy had discovered a disruption of the wrap, recurrent hiatal
hernia, and esophagitis in one patient (2.6%). The patient was managed with (PPIs)
and became asymptomatic. A correction of an incisional hernia had been done for one
(2.6%), but neither dilatations nor reoperations were carried out. The patients experienced
significantly less heartburn (p<0.001), regurgitation (p<0.001), and dysphagia (p=0.013)
than preoperatively. The proportions of patients reporting no or only minimal heartburn,
regurgitation, and dysphagia were 93.8%, 100%, and 81.3%, respectively (Figures 7-9). No
patients experienced severe dysphagia. Bloating (p=0.009) and flatulence (p=0.12) were
also graded as lower than preoperatively, although statistical significance was not reached
in the case of flatulence. The proportions of patients reporting no or minimal bloating and
flatulence were 68.8% for each symptom. Also, two patients each were undecided as regards
bloating and flatulence. One patient stated the bloating was worse postoperatively, and one
patient felt no difference between the pre- and postoperative states. Two patients stated the
flatulence was worse postoperatively, and another two felt no difference between the pre-
and postoperative states. The mean Visick score decreased from 3.94 to 0.625 (p<0.001),
and the mean GSRS score decreased from 31.3 to 7.9 (p<0.001) after the follow-up. There
was neither clinical nor statistical difference (p=0.912) between the mean 15D score of
the patient group and that of the age- and sex-standardized general population (0.896 vs
0.899). The only individual dimension with a significant difference was mental function.
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The scores of mental function were 0.96 for the patients and 0.86 for the general population
(p=0.008). In retrospect, all the patients would have chosen surgery as a treatment again,
and 94.1% were satisfied with the results of surgery. Only one patient was undecided about
the satisfaction with the treatment because of flatulence and an inability to vomit. There
were no patients rating the satisfaction level as unsatisfied (Figure 10).
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8 DISCUSSION

In our studies concerning the long-term results of Nissen fundoplication before and during
the laparoscopic era, we found that Nissen fundoplication may provide durable results also
when applied in routine clinical practice, and in the case of successful surgery, the results
may last a lifetime.

We found a similar pronounced increase in the rates of antireflux surgery after the
introduction of LNF as have been reported earlier (Finks et al. 2006; Rantanen et al. 2008;
Sandbu and Sundbom 2010; study I). In our material, the indications for the operation
during the laparoscopic era were strict, as only patients with objectively verified GERD
were operated on (study I). The study concerning ONF revealed that 76.3% of the patients
had objectively verified GERD, whereas the rest were operated on due to an endoscopically
verified hiatus hernia (21.1%) or BE (2.6%) and H2-blocker-resistant symptoms (study I'V).

One may consider that an indication for successful elective surgery consists of three
different aspects: 1) the recognition of a valid condition for a certain treatment as well
as the views of 2) the surgeon and 3) the patient, and there should be no inconsistency
between the three. During the 1980s and the 1990s, the primary goal in the treatment
of our patient groups was to ameliorate the symptoms caused by acid reflux. The pH
monitoring was carried out for 21.1% of the patients in the 1980s and for 87% of the
patients in the 1990s, which probably mainly reflects the availability of the testing (study
I; study IV). In the 1980s, surgeons had to rely more upon endoscopy in the preoperative
testing. The views of patients have changed after the introduction of PPIs and the less-
invasive laparoscopic technique. It is likely that some of the patients operated on in the
1980s might have achieved a satisfactory remission if PPIs had been available at the time,
and some of the patients operated on laparoscopically in the 1990s would not have been
interested in an open procedure. The views of surgeons certainly changed in the 1990s
when gastrointestinal surgeons began to utilize the novel technique. In general, only a
fraction of the patients with reflux-related symptoms are treated surgically (Diaz-Rubio et
al. 2004; El-Serag et al. 2004; Isolauri and Laippala 1995; Ronkainen et al. 2005b), but the
indications from the surgeons’ perspective have varied during the last decades. Antireflux
surgery has been offered as an alternative to lifelong medication, for PPI-responsive
GERD, in PPI-refractory cases, as well as in severe forms of GERD (Fisichella and Patti
2014; Kahrilas et al. 2008; Stefanidis et al. 2010; Zerbib et al. 2013). In our material, the
patients had a long history of antireflux medication, and from the mid-1990s onwards,
PPIs were by far the most common medical treatment before surgery (data not shown).
Therefore, dissatisfaction with PPI treatment for one reason or another has had a major
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role in choosing surgery in our long-term follow-up studies after LNF (study II; study III).
One of the main reasons for the patients’ unwillingness to use PPIs during the 1990s was
undoubtedly the high price of the medication. As a result of the factors mentioned above,
it is probable that exactly the same patients who were operated on during the 1980s would
not have been operated on during the 1990s or vice versa. It can be assumed that the rise in
the incidence of antireflux surgery in the 1990s after the introduction of the laparoscopic
technique is explained by the surgeons offering the treatment more frequently as well as
by a more willing acceptance by the patients. Therefore, it seems the introduction of the
laparoscopic technique broadened the indications for fundoplication in the 1990s as the
treatment became more appealing for a wider range of patients and the threshold to offer it
became lower for surgeons (study I; study IV).

To some extent, the expectations on the laparoscopic procedure have proven justified,
as patients are more satisfied after LNF than ONF, and a notable proportion of patients are
concerned by the poor cosmetics of the incisional scar after ONF (Salminen et al. 2012).
Moreover, the reoperation rate after ONF is higher because of the significant difference in
postoperative incisional hernias (Broeders et al. 2009b), and the reported rates of defective
wraps have been higher after ONF than LNF (Djerf et al. 2016; Luostarinen 1993;
Luostarinen et al. 1993b; Rantanen et al. 1999; Salminen et al. 2012, study III; Figure
11). However, one must take into account that, in the series of Salminen et al., the ONFs
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Figure 11. The percentage of endoscopically verified defective fundoplication wraps in the follow-up
studies and the number of endoscopies performed (Djerf et al. 2016; Luostarinen 1993; Luostarinen
et al. 1993b; Rantanen et al. 1999; Salminen et al. 2012; Salminen et al. 2007; study I1I).
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were performed by various surgeons, while the LNFs were performed by a single specialist
(Salminen et al. 2012).

In our study, 89% of the wraps were endoscopically intact ten years after LNF (study
I1I), which compares favorably to the previous failure rates (23%-46%) reported after
ONTF (Luostarinen 1993; Luostarinen et al. 1993b; Rantanen et al. 1999; Salminen et al.
2012; Salminen et al. 2007). There is no obvious reason for the fact that LNF seems more
durable than ONF in the long term. The operative technique varied to some extent in our
material concerning the Kanta-Hiame Central Hospital. The application of hiatoplasty and
anchoring of the wrap expanded towards the end of the 1990s, while fibrin glue was widely
used to secure the wrap during 1995-1998 (study I; Figure 6). In our data, the use of fibrin
glue and hiatoplasty seemed to decrease the incidence of failure (study I; study III), and in
a study by Djerf et al., hiatoplasty was also routinely used with no failed wraps (Djerf et
al. 2016). In contrast to this is the fact that only sporadic hiatoplasties were performed in
a study by Salminen et al. and low rate of defective wraps was still noted after LNF (11%
LNF vs. 46% ONF) (Salminen et al. 2012). Although hiatoplasty was routinely utilized by
some authors during the ONF era (DeMeester ct al. 1986), the importance of hiatoplasty
in the laparoscopic fundoplications was not recognized until after the rise in the incidence
of acute paracsophageal herniations after the deployment of the new technique (Hunter
et al. 1999; Watson et al. 1995). During the open surgery era, wrap disruption instead of
hiatal disruption/herniation was the most common problem with the durability of the
wrap (Hunter et al. 1999; Stein et al. 1996). Also, in our study concerning ONF, excellent
clinical results were achieved, even though hiatoplasty was not included in the operative
technique (study I'V). It can be contemplated that the surgical technique may vary beyond
what can be described explicitly in the literature. For example, the amount and technique
of dissection of the surfaces on the surgical field and the extent of mobilization may play
a role in regard to the durability of the wrap, as scar formation or tendency for herniation
may differ between individual techniques.

That being said, some recommendations for the operative technique can be proposed
according to the current literature. A routine hiatoplasty is preferred to prevent wrap
migration (DeMeester et al. 1986; Hunter et al. 1999; Watson et al. 1995). Some
recommend hiatoplasty with mesh in the case of a large hiatal surface area (Frantzides
et al. 2002; Oelschlager et al. 2006; Soricelli et al. 2009), but there are no long-term
follow-up studies on the subject and meshes are associated with increased complication
risks (Stadlhuber et al. 2009). There is some evidence to support the use of a bougie to
calibrate the wrap in order to minimize postoperative dysphagia, but it seems that an
experienced surgeon can achieve similar results without a bougie (Patterson et al. 2000;
Somasckar et al. 2010). Very similar results can be achieved with LNF and with LTF, and
with LAFs of 120° and 180°, while the LAFs seem to have slightly more limited reflux
control (Broeders et al. 2013; Djerf et al. 2016; Shaw et al. 2010). LNF is associated with
more extensive relief in typical GERD symptoms, while dysphagia is reported more often
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than after partial fundoplications (Broeders et al. 2010a; Broeders et al. 2013; Djerf et al.
2016). As the treatment-related side effects of surgical treatment favor medical treatment
in milder forms of GERD, it is worth considering to pursue a maximal antireflux barrier
when choosing operative treatment. LNF has been suggested for younger patients to ensure
durable reflux control and LAF for older patients to minimize dysphagia (Broeders et al.
2013). However, there is no support for changing the operative technique to a new one on
the basis of current literature, as none of the modifications have been proven superior. The
changing of technique might predispose patients to unnecessary complications. The use of
fibrin glue seems to enhance the durability of the wrap (study III), but RCTs with long-
term follow-up are needed on the subject.

LNF provides powerful and durable control of acid reflux (Broeders et al. 2010a;
Broeders et al. 2013; Djerf et al. 2016; Shaw et al. 2010) and is effective in suppressing the
typical symptoms of GERD in the majority of patients (Broeders et al. 2009b; Djerf et al.
2016; Kellokumpu et al. 2013; Morgenthal et al. 2007b; Salminen et al. 2012; study III).
We studied the longest follow-up after ONF published to date and found that, in the case
of a successful fundoplication, the operation may give the patient lifelong relief of reflux
symptoms (study I'V).

Despite the benefits of LNF, a considerable proportion of patients are not completely
satisfied, or develop treatmentrelated side effects and/or reinstate the antisecretory
medication (Broeders et al. 2009b; Mchta et al. 2006; Morgenthal et al. 2007b; Salminen
etal. 2012; Sandbu et al. 2002; Vakil et al. 2003; study II; study III). The dysphagia rates in
our material concerning the Kanta-Hime Central Hospital were quite high (study III). The
learning-curve effect and the instrument used to grade the symptom may have worsened
the results in light of other studies. Others have reported higher rates for dilatation,
even though the dysphagia rates have been lower (Morgenthal et al. 2007b). Even so,
dysphagia was the most common problem among the unsatisfied patients and should not
be understated (study II). To prevent dysphagia, it is important to achieve a loose wrap
(DeMeester et al. 1986; Hunter et al. 1999). It seems the SGVs should be divided if a loose
enough wrap is not achieved otherwise. With experience, one should consider preserving
the SGVs, as the division may lead to increased bloating and the dysphagia rates have been
similar in RCTs comparing the two techniques (Chrysos et al. 2001; Engstrom et al. 2011;
Mardani et al. 2009; Yang et al. 2008). It may be presumed that the adverse effects and
postoperatively reinstated use of medication, along with the lowered costs of conservative
treatment, may have reduced the attraction of the treatment, leading to the decrease in the
incidence of LNFs in the 21st century (Finks et al. 2006; Sandbu and Sundbom 2010).

The majority of the patients who are candidates for antireflux surgery are secking
improvements in their quality of life. Among the most important results in our study
were the ones concerning HRQoL. We found in our long-term follow-up studies that a
successful fundoplication may provide a similar HRQoL as that of the general population
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(study IL scudy IV), but it must be taken into account that the HRQoL of the dissatisfied
was reduced (study II).

There are some limitations to our studies. The participation rates in our long-term
follow-up studies (study II; study III; study IV) were quite low, and the overall patient
group in the ONF follow-up was relatively small (study IV). To decrease the risk of selection
bias, we reviewed the patient records of the non-participating patients and checked the
medical history concerning GERD. Low participation is a common problem in long-term
follow-up studies. In the longest follow-up studies after ONF, the participation rates have
been comparable to our study (37%-69%) (Lundell et al. 2009; Luostarinen et al. 1993b;
Mardani et al. 2011; Salminen et al. 2012). Besides our study (study III), there are two
others providing long-term endoscopy results after LNF. In a study by Djerf et al., 38% of
the patients had undergone endoscopy in the LNF group, while Salminen et al. presented
the results for a respectable 87% of patients (Djerf et al. 2016; Salminen et al. 2012). The
size of our patient group (n=64) compares favorably to those of Salminen et al. (n=48) and
Djerfetal. (n=13). The retrospective setting concerning subjective results is not ideal, which
must be taken into account when interpreting the results. Still, one can assume the values
reflect the overall satisfaction of the patients and reveal the trend of change. Despite the
setting, the important factors of the operations should have been reliably detected (study
I). The results of our studies concerning the Kanta-Hime Central Hospital (study I; study
IT; study III) do not measure the maximal efficacy of the treatment; instead, the aim was to
portray a picture of the effectiveness of the treatment in routine clinical practice. The high
risk of selection bias in the long-term follow-up study after ONF limits the generalization
of the results as such (study IV). Rather, the results represent the subjective durability of
the treatment in the case of successful Nissen fundoplication as there were no unsatisfied
patients and every patient would have opted for surgery again in retrospect. The current
literature and our studies do not, unfortunately, provide a comprehensive answer for how
to achieve a successful Nissen fundoplication.

The strengths of our studies can be considered to include the fact that the review of
the patient records and the patient interviews were carried out by independent observers
(study L; study IL; study III; study IV). The endoscopists did not know the results of the
interview when performing the endoscopy, and the fundoplication wraps were analyzed
in conjunction with the other authors from photographs (study III). The patient records
(study IT; study IIT; study I'V) and the death certificates of the non-attending patients were
reviewed (study IV), and the HRQoL was measured using a generic multidimensional
instrument, which allowed comparisons to be made with the general population (study
IT; study IV). The follow-up periods were extensive in light of other studies (study II; study
IIT; study IV).

Although excellent results have been reported in treating PPI-responsive patients
(Anvari et al. 2011; Galmiche et al. 2011; Morgenthal et al. 2007a) and the rate of serious
complications in Finland has been relatively low during the laparoscopic era (Rantanen et al.
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2008), a prevailing practice of surgical treatment should focus on operating on the patients
with failed medical treatment and an objectively verified reflux-symptom correlation
(Kahrilas et al. 2008; Stefanidis et al. 2010; Zerbib et al. 2013). There is a heterogeneous
group of disorders behind the symptoms of the patients with PPI failure, and the challenge
is to rule out those with no reflux-symptom correlation, as no benefit from surgery is to be
expected (Campos et al. 1999; Khajanchee et al. 2004; Zerbib et al. 2012), whereas, on the
contrary, the patients with disturbing regurgitation or inadequate reflux control despite
the medication are candidates for surgery. (Broeders et al. 2009a; del Genio et al. 2008).
The currently available 60-year knowledge of fundoplication facilitates the appropriate
instruction of patients about the expected outcomes and possible side effects. The surgery
should be reserved for a group of carefully selected patients after they have been provided
with adequate information about the benefits and harms.
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9

SUMMARY AND CONCLUSIONS

This study describes the characteristics and long-term results of antireflux surgery

performed in Finnish hospitals before and during the dissemination of the laparoscopic

technique. The observations in this thesis support the following conclusions:

(D

1v)
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After the introduction of LNF, the surgical treatment of GERD multiplied in
Kanta-Hime Central Hospital. Although only patients with objectively verified
GERD were treated, the rise in the operation rates was considered to be a result of the
broadening of the indications. The operative technique became more standardized
towards the end of the 1990s.

Ten years after the operation, the HRQoL of the LNF cohort was close to that of the
general population. Dissatisfaction with the treatment decreased the HRQoL, and
dysphagia was the most common problem with the dissatisfied.

In our long-term follow-up study, the rate of intact fundoplication wraps was high,
and the subjective long-term results achieved in routine clinical practice proved to
be comparable to the results published from more specialized centers. For the first
time, the use of fibrin glue was associated with a decreased incidence of surgical
failure in the long term.

A successful Nissen fundoplication may provide lifelong control of reflux symptoms,
and the HRQoL of the patients was comparable to that of the general population
over 30 years after the operation. The indications for the procedure reflected the
practices of the time, and in most of the patients, GERD was verified objectively.
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ABSTRACT

Background and Aims: Good long term result after Nissen fundoplication is achieved in
most of the patients in specialized centres. Still failure occurs in some cases and reop-
eration after failed conservative treatment is done in 3-6% of the cases. Reoperation is
more dangerous and results worse than after primary fundoplication. Therefore we
wanted to analyze factors related to failure of Nissen fundoplication with special em-
phasis on utilization of crural closure, anchoring of the fundic wrap and the use of fibrin
glue.

Material and Methods: Patients records of 258 patients were analyzed by an indepen-
dent observer. Defective fundic wrap, recurrent oesophagitis and hiatal hernia were
defined as failure.

Results: Failure after Nissen fundoplication was found in 29 patients (14.9%). Crural
closure (p =0.021), anchoring of the wrap (p =0.020) and fibrin glue (p =0.029) decreased
the incidence of failure. However, only crural closure (p =0.010) and fibrin glue (p =0.019)
were independent factors in the prevention of failure.

Conclusions: Fibrin glue as a new method might be worth utilizing to further decrease
the incidence of failure after Nissen fundoplication. Because our study was retrospective,
prospective randomized study should be performed before universal use of fibrin glue
in the prevention of failure after fundoplication.

Key words: Defective fundic wrap; oesophagitis; failure; fibrin glue; crural closure; fundoplication

INTRODUCTION In Finland, the majority of fundoplications are per-
formed outside university clinics (3). Although the
results of Nissen fundoplication in specialized centres

Nissen fundoplication performed due to gastro-oe-
have been good, the results in nonspecialized centres

sophageal reflux disease (GERD) heals oesophagitis,

improves reflux symptoms and may diminish the
length of Barrett's epithelium or even abolish it
(1, 2).
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have not been well documented. Only a few studies
have dealt with the results of antireflux surgery in
community hospitals (4-9), and there is little data on
the long-term results using objective investigation
methods (5). Long-term results of open Nissen fun-
doplication performed in our hospital during 1980-
1992 were somewhat worse than in a teaching hospi-
tal (10). This was attributed mainly to the infrequency
of the operation, leading to use of several different
modifications of Nissen fundoplication. In the same
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study, 30% of patients with recurrent esophagitis had
a normal fundic wrap, suggesting impaired oesopha-
geal peristalsis.

According to retrospective, uncontrolled studies
crural closure, anchoring of the wrap and fundic mo-
bilization have been found to be crucial in the pre-
vention of failure (11-13). In addition, the routine use
of a bougie has been found to decrease severe post-
operative dysphagia, although more postoperative
dilatations were done among patients with bougie
(14). However, the effect of fibrin glue in humans on
the failure rate after Nissen fundoplication has not
been investigated previously.

The aim of this study was to analyze the possible
reasons for failure after Nissen fundoplication in a
community hospital with special emphasis on the
effect of crural closure, anchoring of the wrap and the
use of fibrin glue.

MATERIAL AND METHODS

The study population comprised all patients (n= 269) oper-
ated on for GERD from January 1991 to December 2000 at
Kanta-Hame Central Hospital (population, approximately
178000). Pre- and postoperative data was analysed retro-
spectively by one of the authors (P.N.) who had not been
involved in the patients® care. Nine patients were operated
using Toupet's partial fundoplication (15) due to oesopha-
geal dysmotility found in manometry and two patients
using the technique of Russel (16) because their reflux dis-
ease was associated with duodenal ulcer disease. Our anal-
ysis of operative technique focuses on Nissen fundoplica-
tion and the total number of patients operated using the
technique of Nissen was 258. The mean follow-up was 61.5
months (range 21-137 months). The mean age of these 150
men (58.1%) and 108 women (41.9%) was 53 years (range
17-85). The mean duration of GERD symptoms before the
operation was 86.5 months, and median use of preoperative
antireflux medication was 30 months.

Preoperative evaluation consisted of upper gastrointes-
tinal endoscopy in 256 (2 had barium swallow) patients,
24-hour pH-monitoring in 224 (mean pH <4 19.7%, range
0.3-97%; pathological in 204 cases), and oesophageal ma-
nometry (17, 18) in 203 (mean LES-pressure 12.7mmHg,
range 0—43mmHg). In manometry isolated abnormal peri-
stalsis was found in 45 cases, abnormal LES relaxation in
five cases and both abnormal peristalsis and abnormal LES
relaxation in three cases (19). Savary-Miller grading of the
oesophageal mucosa (20) was used (grade 0, 78 cases;
grade 1,74; grade II, 54; grade III, 25 and grade IV, 27 cases)
preoperatively but postoperatively grade of oesophagitis
was not mentioned in most of the cases and therefore Sa-
vary-Miller classification has not been used after opera-
tion.

Preoperatively all patients had either reflux symptoms
or symptoms related to hiatal hernia (vomiting, dyspnea or
abdominal or chest pain) (21) and also pathological find-
ings in pH-monitoring, endoscopy or barium swallow.

Postoperatively all patients were directed to upper gas-
trointestinal endoscopy six months after operation and it
was also done to patients with postoperative symptoms
suggestive for failures. Endoscopy was agreed by 195 pa-
tients (75.6%). Fundic wrap was classified as defective if a
distinct gastric pouch above the narrowing caused by the
folds of the wrap could be found (slipped Nissen) or there
was no visible folds (total disruption) or only distorted,
loose folds (partial disruption) at the oesophagogastric

junction. If a gap beside of fundic wrap was found a recur-
rent hiatal hernia was recorded. Recurrent oesophagitis
and/or defective fundic wrap or recurrent hiatal hernia
were classified as failure.

Among 201 patients fundoplication was started with the
laparoscopic technique, but in 24 (11.9%) cases conversion
to open surgery was necessary due to intraoperative prob-
lems. Originally 57 operations were performed using an
open technique. The reasons for choosing the open tech-
nique were operations done by surgeons who did not per-
form laparoscopic procedures (43 cases), some other proce-
dure demanding open technique (seven cases) and large
mixed type hiatal hernia or paraoesophageal hernia (seven
cases). This study was approved by the ethical committee
of Kanta-Hame Central Hospital.

STATISTICAL METHODS

Univariate analyse using Chi-square test was made for sta-
tistical comparisons as indicated. In addition, multiple lo-
gistic regression model was used to find out independent
factors related with failure. P<0.05 was considered as sig-
nificant.

RESULTS

During the study period 258 Nissen fundoplications
were performed by 12 surgeons (mean 21.5 per sur-
geon, range 1-124) with a significant increase in op-
erations per year (p =0.034) (Figure 1).

Nasogastric tube was used for calibrating fundic
wrap in 134 cases (52%), while endoscope was used
in 46 cases (17.8%) and 48 or 52 French bougie in 78
cases (30.2%). Fundic mobilization was done in 58
cases (22.5%), crural closure in 137 cases (53%) and
anchoring of the wrap in 196 cases (76%). In addition,
fibrin glue (Tissell duo quick, 2ml, Baxter) was used
in fundic wrap (fibrin glue was injected between se-
rosal folds) in 138 cases (53.5%). Among 237 patients
(91.9%) fundic wrap was done with three or four non-
absorbable stitches. Anchoring of the wrap (p = 0.002)
and crural closure (p <0.001) increased significantly
from 1991 to 2000 (Figure 2).

Failure was detected in 29 (14.9%) patients with no
differences between open (9; 15.8%) and laparoscopic
(15; 8.5%) technique. Failure was found in five (20.8%)
patients after conversion.

According to univariate analysis the incidence of
failure was significantly lower among patients with
crural closure (p=0.021), anchoring of the fundic
wrap (p =0.020) and fibrin glue (p =0.029) (Table 1).
Age, sex, severe preoperatively found oesophagitis,
large hiatal hernia, dysmotility, the use of bougie or
fundic mobilization had no effect on the failure rate.
However, in multivariate analysis only crural closure
(p=0.010) and fibrin glue (p=0.019) decreased sig-
nificantly the incidence of failure.

Reoperation was done only for ten patients (inci-
dence 3.9%). The incidence of reoperation did not
correlate with any specific factor. Technical details on
the primary operation and type of failure found dur-
ing reoperation are shown in Table 2.
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DISCUSSION

The incidence of failure during mid term follow-up
in the present study was comparable to the earlier
reports from specialized centres and community
hospitals. Our results could have been worse be-
cause many surgeons did these operations and
most of them also did their learning curve phase in
our hospital. Probably the good results were
achieved by following strictly the important techni-
cal aspects of Nissen fundoplication, including cru-
ral closure.

TABLE 1

The incidence of crural closure, anchoring of the wrap and fibrin glue
among patients with different type of failures

Patient group Crural closure  Anchoring Fibrin glue
Oesophagitis 1 (11.1%) 2 (22.2%) 2 (22.2%)
n=9)

Oesophagitis and

Defective wrap 0 0 0
(n=3)

Defective wrap 8 (47%) 15 (88%) 8 (47%)
(n=17)
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TABLE 2

Details of primary operation and type of failure during second operation among patients with reoperation

Patient Lap/Open Mobilization Crural closure Anchoring Type of Failure

I Open Yes No No Slipped Nissen

I Open No No No Slipped Nissen

I Lap No No No Disruption and intrathoracic herniation
v Open No Yes Yes Paraoesophageal herniation
v Lap No No No Slipped Nissen

VI Lap No Yes Yes Slipped Nissen

VII* Lap No Yes Yes Corpoplication

VIIT* Lap No Yes Yes Slipped Nissen

IX* Lap No Yes Yes Too tight wrap

X* Lap No Yes Yes Too tight wrap

* Reoperations were done because of severe dysphagia unresponsive to dilatations

Slight modifications of Nissen fundoplication in-
clude fundic mobilization and the use of oesophageal
bougie when during fundic wrapping, which have
been found to reduce postoperative symptoms and
probably also lessen the risk of wrap disruption
(22-24). In the present study, these procedures were
not found to affect failure rate or severe dysphagia
(data not shown). However, the number of cases with
fundic mobilization was small and therefore type II
error can not be excluded.

In the same unit during 1980's the anchoring of the
wrap was used only in 30% of the patients and this
was probably the main reason for the high number of
slipping (5). In the present study anchoring the wrap,
crural closure and fibrin glue decreased the incidence
of failure. However, only crural closure and fibrin
glue were found to be independent factors in the pre-
vention of failure. Previously crural closure has been
found to be crucial in the technique of laparoscopic
Nissen fundoplication, otherwise the incidence of
postoperative paraoesophageal hernia has been found
to increase (12). To our knowledge this is the first
study in humans reporting decreasing effect of fibrin
glue on failure after Nissen fundoplication. Accord-
ing to an experimental animal study fibrin glue was
the only method that caused scar formation between
serosal folds of the fundic wrap and the authors con-
cluded that fibrin glue could reduce the incidence of
failures of fundoplication (25). Thereafter fibrin glue
was used in our hospital during six years® period,
and its use was terminated mainly due to fear of in-
creased incidence of dysphagia, although in the pres-
ent study no evidence of such (data not shown) could
be found. This study reports results from a commu-
nity hospital, where many surgeons with different
experience performed these operations. However, fi-
brin glue might be worth trying to further reduce the
risk of failure of fundoplication also in specialized
centres, where recurrent oesophagitis and defective
fundic wraps have been found in 3-17% (10, 22) and
22.9-28.6% (10, 26) of the patients, respectively.

The weaknesses of the study are due to retrospec-
tive setting. Therefore some factors related to failure
may not be assessed reliably. However, the main fac-
tors of the technique of Nissen fundoplication could
be easily detected. Our analysis was performed by an
objective observer, which can be considered as a ben-

efit. The second drawback of the present study is that
analysis was made using patient records. Therefore
some asymptomatic patients with failure might have
been missed. All revisional oesophageal surgery in
the region was done at our hospital. This makes it
highly unlikely that any further operations or serious
postoperative problems would be unknown to us.
Final criticism to our study is that we used endo-
scopically defined criteria for failure and not 24-hour
pH-recording and therefore we do not know exactly
the amount of acid exposure. However, in only 3% of
the asymptomatic patients with intact fundic wrap
abnormal 24-hour pH-monitoring is found (27).
Therefore we think that most of failures in the present
study have been found. However, further study
analysing long term results by objective methods, in-
cluding interview, endoscopy and pH-monitoring is
needed to detect possible late failures after fundopli-
cation.

In conclusion, crural closure and fibrin glue were
found to decrease the incidence of failure after fun-
doplication and these procedures might be worth us-
ing in other centres too. However, the effect of fibrin
glue on failure of Nissen fundoplication should be
investigated using prospective randomized study be-
fore its use in other centres, because our study was
retrospective.
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Abstract

Background: The lack of correlation between the symptomatic outcome after fundoplication and the results of
objective measurements has been demonstrated. Therefore, subjective tools are needed to measure the outcomes
of the treatment. Long-term results concerning health-related quality of life (HRQoL) after laparoscopic Nissen
fundoplication (LNF) performed in a community-based hospital are lacking. The objective of this study was to
describe HRQoL of an LNF cohort 10 years after surgery performed in a community-based hospital.
Subjects and Methods: In 1997-1999, 107 LNFs were performed. The 15D questionnaire was mailed to all
patients, and consent to participate in the study was requested. The patients who agreed to participate were
interviewed. The resulting 15D profile and single index scores were compared with those of a sample of age-
standardized general population (n=6053).

Results: Of the 107 patients, 64 (59.8%) participated in the study (40 men; mean age, 61.9 years; range, 28—-85
years). The mean 15D score for our patient group was 0.860 versus 0.888 for the age-standardized general
population (P =.030). The mean 15D score of the patients who were satisfied with the surgical results was 0.870
(median, 0.890), which is clinically the same as that of the general population. Among the patients, dissatis-
faction with the results of surgery decreased the mean 15D score by 0.069 (P=.023).

Conclusions: Our long-term follow-up study suggests that, in the majority of patients, HRQoL after LNF
performed in a community-based hospital is similar to that of the general population, while the subjective
failure of surgery leads to suboptimal results. The multidimensional 15D instrument seems a promising HRQoL
instrument also when applied to gastroesophageal reflux disease patients.

Introduction highly selected as that of the previous study. The common

indication for surgery is refractory GERD.””” The mecha-

HARACTERISTIC OF GASTROESOPHAGEAL reflux disease
(GERD) is that its symptoms cause discomfort and lower
the patient’s health-related quality of life (HRQoL)." Even
though proton pump inhibitors (PPIs) are potent in healing
esophageal mucosal damage, approximately 30% of the pa-
tients fail medical therapy.? Furthermore, many patients are
not satisfied with continuous medical treatment.’
Laparoscopic antireflux surgery has been found equally
effective as medical therapy when treating patients with ob-
jectively verified reflux initially responsive to PPI therapy.*
However, in clinical practice, the patient group is often not as

nisms behind the symptoms of GERD patients are diverse and
not always possible to verify objectively. The lack of corre-
lation between the symptomatic outcome after surgery and
the results of objective measurements has been demonstrat-
ed.®? Therefore, subjective tools such as HRQoL instruments
are needed to measure the outcomes of the treatment. Pre-
viously, the HRQoL of GERD patients waiting for an anti-
reflux operation has been verified as being significantly
decreased.® The measurement of HRQoL by a generic in-
strument, like 15D or EQ-5D, make it possible to clarify
quality-adjusted life years, which further can be used for
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measurement of the cost-effectiveness of laparoscopic Nissen
fundoplication (LNF).'® This is important when considering
either lifetime medication with PPIs or LNF among patients
with chronic GERD.

The objective of the current study was to describe the
HRQoL of an LNF cohort 10 years after surgery performed in
a community-based hospital. A comparison between our pa-
tient group and the general Finnish population was conducted
using the 15D instrument. No prior long-term follow-up
studies after LNF using a multidimensional HRQoL instru-
ment have been published. In addition, we found no report
dealing with long-term results concerning HRQoL after LNF
performed in a community-based hospital.

Subjects and Methods

In the Kanta-Hime Central Hospital (H@meenlinna,
Finland), 121 fundoplications were performed during 1997-
1999. The year 1996 was the first when the majority of
antireflux procedures were performed by using LNF. We de-
cided to focus on the following years (1997-1999) to avoid a
possible learning curve bias. Partial and open fundoplications
were excluded, but laparoscopic procedures that had been
converted to open operations were included. The total number
of LNFs during the 3-year period was 107. The operative
technique has been described previously.'' The indications for
surgery were typical symptoms or dissatisfaction with medical
treatment as well as objectively verified GERD as diagnosed
by means of gastrointestinal endoscopy, 24-hour pH moni-
toring, and esophageal manometry.

The 15D is a generic, comprehensive HRQoL instru-
ment that can be used as a profile and single index score
measure. The 15D dimensions are as follows: breathing,
mental function, speech (communication), vision, mobility,
usual activities, vitality, hearing, eating, excretion, sleeping,
distress, discomfort and symptoms, sexual activity, and
depression. Each dimension is divided into five levels by
which the attribute is distinguished. The single index score
(15D score) representing the overall HRQoL on a scale of
0-1 (where 1=full health and 0 =being dead) and the dimen-
sion level values reflecting the goodness of the levels relative to
no problems in the dimension (= 1) and to being dead (=0) are
calculated from the health status descriptive system by using a
set of population-based preference of utility weights.

A change or difference of approximately 0.03 in the 15D
score is considered clinically important in the sense that
people can, on average, feel the difference.'”

The 15D data for the general population came from
the National Health 2000 Health Examination Survey, which
covered a representative sample of the Finnish popula-
tion (age-standardized n= 6053).13

The 15D questionnaire was mailed to all the patients, with
a request for consent to participate in the study. The patients
who agreed were interviewed in 2008-2009 by a nurse who
had not been previously involved in the patients’ care.

The few missing data on the dimensions were replaced using
regression analysis by having the dimension with missing data
as the dependent variable and the other dimensions as well as
age and sex as independent variables. The differences between
the two groups’ mean (median) 15D scores and dimension level
values were tested using an independent-samples 7 test (Mann—
Whitney U test). To explore the extent to which a lung disorder
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and dissatisfaction with the results of surgery might affect the
15D score, a regression model was run with the 15D score as
the dependent variable and age, sex, lung disorder (0=no,
1 =yes), and dissatisfaction with the results of surgery (0=no,
1 =yes) as explanatory variables. A P value of <.05 was con-
sidered statistically significant.

This study was approved by the ethical committee of the
Kanta-Hidme Central Hospital.

Results

Sixty-four (59.8%) of the 107 patients participated in the
study (40 men; mean age, 61.9 years; range, 2885 years). The
participation rate among the still-living patients was 66.7%
(64 of the 96 patients). Twenty-eight (26.1%) patients refused
to participate, failed to attend, or could not be contacted,
whereas 11 (10.3%) had died of causes not related to GERD or
LNF, and 4 were immobile (3.7%). The patient records of the
43 nonparticipating patients were reviewed, and neither late
complications nor re-operations were detected. The patient
characteristics of the study population and of the nonattending
patients are described in Table 1. The mean duration of GERD
symptoms before the operation was 92.3 months, and median
use of preoperative antireflux medication was 40 months. Of
the subjects, 89.1% used PPIs preoperatively, whereas 7.8%
used H2-receptor antagonists. The mean follow-up time was
9.8 years. Nine patients (14.1%) reported having a lung dis-
order, the prevalence of which is higher than what is found in
the general Finnish population.'* Otherwise, the morbidity
was comparable to the general population.

Three (4.7%) patients had undergone re-operations. Four
(6.3%) primary procedures had been converted to open fun-
doplications. Six (9.4%) patients required continuous PPI
medication, 17 (26.6%) had taken PPIs occasionally, and 41
(64.1%) had not needed PPIs. Fifty-seven (89.1%) patients
would have chosen surgery as a treatment again if they were
to have the same kind of symptoms as preoperatively. Four
(6.3%) patients would not have chosen surgery again, and 3
(4.7%) were undecided. Fifty-three (82.8%) patients were
satisfied with the results of the surgery, 4 (6.3%) were dis-
satisfied, and 7 (10.9%) were unsure about their opinion.
Dysphagia was the most common (8 of the 11 patients;
72.7%) reason for dissatisfaction (data not shown). However,
only 1 dissatisfied patient thought that the preoperative sit-
uation had been better than the postoperative one. Three of
the dissatisfied individuals felt the operation had not bene-
fited them. Four of those 7 who were ambivalent concerning
the results felt that the postoperative situation was better, and
1 felt that the postoperative situation was worse than the
preoperative one.

TABLE 1. PATIENT CHARACTERISTICS

Study Nonattending
Characteristic population patients
Age at operation (years)
Mean 52.0 54.8
Median 53.7 54.1
Male gender (%) 62.5% 62.8%
Preoperative BMI (kg/m?) 27.0 28.0

BMI, body mass index.
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The mean 15D score for our patient group was 0.860 versus
0.888 for the age-standardized general population. The dif-
ference is statistically significant (P=.030) and clinically
important (Fig. 1). There were no differences between men and
women in the mean 15D score or in any of the individual
dimensions. The patient group’s mean dimension level values
for breathing, sleeping, excretion, discomfort and symptoms,
and depression were lower than those of the age-standardized
general population (Table 2). Contrary to these dimensions,
the scores for vision were higher in the patient group (Table 2).
In addition, there was a statistically significant difference in the
median level value for the dimensions of eating, distress, and
vitality. The mean 15D score of the patients who were satisfied
with the surgical results was 0.870 (median, 0.890), which is
clinically the same as that of the general population.

The regression analysis indicated that when age, sex, and
dissatisfaction with the results of surgery were standardized,
a lung disorder decreased the mean 15D score by 0.068
(P=.039).

When age, sex, and lung disorder were standardized, dis-
satisfaction with the treatment decreased the mean 15D score
by 0.069 (P=.023). Therefore, subjective failure of the
treatment was found to be a reducing factor in HRQoL.

Discussion

Our long-term results show that the mean HRQoL (15D
score) of the LNF cohort is slightly lower than that of the

TABLE 2. STATISTICALLY SIGNIFICANT DIFFERENCES
IN MEAN 15D SCORES

Study Age-standardized
population general population
Dimension (n=64) (n=6053)
Mean 15D score (P=.030) 0.860 0.888
Breathing (P=.049) 0.812 0.872
Sleeping (P=.000) 0.750 0.837
Excretion (P =.000) 0.782 0.875
Discomfort and symptoms 0.684 0.761
(P=.003)
Depression (P=.007) 0.852 0.902
Vision (P=.008) 0.975 0.936

age-standardized general population. However, the mean
15D score among those who were satisfied with the results of
surgery is close to that of the general population. In fact, the
scores of the satisfied and the general population are clini-
cally the same. The results of the present study indicate that,
after subjectively successful LNF, a normal level of HRQoL
can still be maintained after 10 years. To our knowledge, this
is the first long-term follow-up study after LNF using a ge-
neric, preference-based multidimensional HRQoL instru-
ment. In addition, there are no previous long-term reports
concerning quality of life after LNF performed in a com-
munity-based hospital.

The lack of correlation between objective measurements
of GERD and patient-perceived symptoms makes HRQoL an
important variable in assessing the results of LNF. HRQoL
can be defined as the patients’ subjective perception of the
impact of their disease and its treatment on daily life as well
as on physical, psychological, and social functioning and
well-being.'> There are several disease-specific and generic
instruments for evaluating the HRQoL of GERD patients.
The measurement of HRQoL is complex, and it has been
suggested that the multidimensional term HRQoL is often
misinterpreted.'® The disease-specific instruments generally
focus on diseases, symptoms, and adverse events without
actual multidimensional HRQoL questions, whereas generic
instruments may be too insensitive to detect changes in an
individual’s state of health in the case of a disease whose
effect on the quality of life is limited.'®'”

Previously, improvements in the HRQoL have been re-
ported after LNF."®° Many studies have applied the Gas-
trointestinal Quality of Life Index to measure the HRQoL
after fundoplication.'®° The results have been close to
those of healthy individuals, but no comparison with a gen-
eral population has been published. The Gastrointestinal
Quality of Life Index has been criticized for not meeting the
criteria for multidimensionality and, therefore, not assessing
the HRQoL in its entirety.'” Anvari and Allen®' used the
Short Form-36 to assess the HRQoL of patient groups con-
sisting of poor and good responders to PPI therapy over a
5-year period after LNF; an improvement was observed in
both groups, but the mean postoperative scores were subtly
lower than those of the North American general popula-
tion. In a study by Velanovich,'” it was shown that the Short
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Form-36 has poor discriminatory power for satisfied and
dissatisfied patients with GERD and is inferior to the GERD-
HRQoL in measuring the symptom severity in GERD.

The mean 15D score of our whole patient group was
slightly lower than that of the general population. Our results
also suggest that with the effect of age, sex, and lung disorder
standardized, the mean 15D score of those dissatisfied with
the results of surgery was clearly lower (-0.069) than that of
the satisfied subjects. Most of the dissatisfied patients suf-
fered from dysphagia. To minimize postoperative dysphagia,
the operative technique includes now dividing two or three of
the uppermost short gastric vessels to make it possible to do a
loose fundic wrap more easily. It is likely that patients with
suboptimal outcomes or substantial side effects from the
treatment may feel dissatisfied and thus experience lowered
HRQoL. In addition, a lung disorder seems to clearly de-
crease the mean 15D score (-0.068).

In our study, the15D was able to discriminate between the
satisfied and the dissatisfied subjects. This implies that de-
spite being a generic instrument, 15D is sensitive enough to
detect differences in the states of health of GERD patients.
Our results come from a community-based hospital, but the
discrimination power of 15D allows the comparison of results
between other hospitals. Prior studies have found the in-
strument highly responsive to treatment-related changes with
many other diseases,lmz_24 and as regards the other most
important properties (reliability, discriminatory power), the
15D performs at least equally to similar types of generic
HRQoL instruments and is well validated.'>?* The instru-
ment also meets the criterion of multidimensionality and al-
lows us to make age-standardized comparisons between the
patients and the general population.

The lack of preoperative 15D scores is a limitation that
prevented us from evaluating the effects of the treatment di-
rectly. We refer to the previously published results that have
found significant impairments in the HRQoL of GERD pa-
tients using both generic and disease-specific instru-
ments.>'®1921-26 In addition to GERD-related symptoms, the
candidates for surgery are troubled by ineffective medical
treatment and are anxious about their illness or GERD com-
plications.18 Therefore, the effectiveness of a treatment in
terms of the HRQoL can be assessed by comparing a patient
group’s HRQoL with that of the general population. Another
limitation of the current study is that the participation rate was
only 59.8% (or 66.7% when taking only still-living patients
into account). However, we reviewed the patient records of
the nonparticipating patients, and neither late complications
nor re-operations were detected. Because our hospital is the
only unit performing re-fundoplications in the area, it is likely
that patients with major difficulties would have been found.
The known demographic characteristics of the nonattending
patients are similar to the study population (Table 1), which
supports our assumption that there is no selection bias. In
addition, our response rate among patients who are alive is
well comparable to the REFLUX 'Y and LOTUS* trials (68.9%
and 72.5% at 5 years, respectively). Finally, our study is ret-
rospective, and therefore all aspects cannot be reliably eval-
uated. Until the results of prospective, randomized, long-term
follow-up studies dealing with HRQoL are ready, our study
from a community-based hospital gives important informa-
tion for clinicians about the quality of life after LNF when
deciding whether a patient with chronic GERD should be
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operated on or not. However, to our knowledge those pro-
spective studies concerning quality of life after LNF are using
other instruments, such as EQ-5D, instead of 15D.?” The re-
sults of HRQoL varies depending on what instrument is
used.?® Therefore our results as such cannot be compared with
those of other HRQoL studies.

In conclusion, we noted in our long-term follow-up study
that the HRQoL of the majority of patients after LNF per-
formed in a community-based hospital is similar to the gen-
eral population, whereas the subjective failure of surgery
leads to suboptimal results. The multidimensional 15D in-
strument seems a promising HRQoL instrument also when
applied to GERD patients and thus may be used for analysis
of cost-effectiveness of LNF. The cost-effectiveness of LNF
is an important factor, when considering either lifetime PPI
therapy or LNF among patients with chronic GERD.
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Abstract

Background The surgical outcome of fundoplication can
be evaluated by means of esophagogastroduodenoscopy
(EGDS). The literature reveals only one prior long-term
follow-up series with endoscopic evaluation of the fundo-
plication wraps after laparoscopic Nissen fundoplication
(LNF). The results achieved at a university clinic showed
LNF to be more durable than open fundoplication (ONF).
Previously, in our community-based hospital, the results of
ONF were somewhat poorer than those achieved at a uni-
versity clinic. The objective of the present study was to
describe the long-term results of LNF in our hospital as
regards surgical and symptomatic outcomes.

Methods In 1997-1999, 107 LNFs were performed in our
hospital. A questionnaire with symptom evaluation was
mailed to all patients. The patients who agreed to partici-
pate were interviewed and underwent EGDS.
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Results  Of the 107 patients, 64 (59.8 %) participated in the
study (40 men, mean age 61.9 years, range 28-85 years).
The mean follow-up time was 9.8 years. Seven endoscopic
examinations (10.9 %) showed a defective fundic wrap;
three of the patients had undergone reoperation. Fifty-eight
(90.6 %) patients had no or minimal heartburn and 61
(95.3 %) had no or minimal regurgitation. Twenty-three
(35.9 %) patients had moderate or severe dysphagia, and 43
(67.2 %) patients had moderate or severe flatulence. Fifty-
seven (89.1 %) patients would have opted for surgery again.
Conclusions This study contributes to the previous notion
that LNF is associated with fewer surgical failures than
ONF. Our results indicate that LNF can well be performed
in a community-based hospital with acceptable long-term
results.

Introduction

Gastroesophageal reflux disease (GERD) is a common
condition in Western countries, and in many cases, it is a
chronic disease. In a severe form of GERD, the treatment
options are life-long maintenance therapy with proton
pump inhibitors (PPIs) or laparoscopic Nissen fundopli-
cation (LNF) [1]. Neither PPIs nor LNF can prevent the
development of esophageal adenocarcinoma [2, 3], the
prevalence of which has been shown to be increasing
among patients with GERD [4]. Therefore, the main goal in
the treatment of chronic GERD patients is to prevent
GERD symptoms.

It has proven difficult to define failure after fundopli-
cation [5, 6]. Discrepancies have been found between
subjective symptomatic outcomes and objective measure-
ments [7-9]. Still, the sheer surgical outcome and dura-
bility of the fundoplication wrap can be evaluated, as the
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anatomic appearance of a fundoplication wrap can be seen
on esophagogastroduodenoscopy (EGDS). In prior follow-
up studies, high numbers of defective fundic wraps (23, 37,
and 46.4 %) have been found after open Nissen fundopli-
cation (ONF) [7, 9, 10]. The follow-up times have varied
considerably (3.1-9.2, 1-15, and 12.8-17.3 years), but a
clear trend toward a higher incidence of defects, increasing
with the length of follow-up, has been noted. The results
from our community-based hospital were poorer than those
of a university clinic after ONF [10].

A literature review revealed only one prior long-term
follow-up series—reporting results 11 and 15 years post-
operatively—with an endoscopic evaluation of fundic
wraps after LNF [7, 11]. The disruption rate of the wraps in
the LNF group was significantly lower than in the ONF
group (11.1 vs. 46.4 % after 15 years), suggesting more
durable results for LNF. The study reported the results
from a university clinic. The objective of the present study
was to describe the long-term results of LNF performed in
a community-based hospital as regards surgical and
symptomatic outcomes. To the best of our knowledge, no
prior studies reporting the long-term results from a com-
munity-based hospital with an endoscopic evaluation of
fundic wrap have been published.

Materials and methods

Between 1997 and 1999, 121 antireflux operations were
performed at the Kanta—Hédme Central Hospital. In the late
1990s the number of other antireflux procedures became so
low that we decided to focus on LNF. The year 1996 was
the first when LNF was the predominant antireflux proce-
dure [12]. To minimize possible learning curve issues, we
decided to study the following 3-year period. With partial
and open fundoplications excluded, a total of 107 laparo-
scopically initiated Nissen fundoplications were performed
during that period. The procedures were performed by four
surgeons whose respective operation rates were 59, 42, 19,
and 5. One of the surgeons was a resident. At the time of
surgery, the mean age of the patients was 53.2 years (range
16-85 years). Sixty-six (61.7 %) of the patients were men.

The primary symptoms of the patients were heartburn
(74.8 %), regurgitation or vomiting (11.2 %), dysphagia
(5.6 %), abdominal pain (3.7 %), and extraesophageal
symptoms (1.9 %). GERD was objectively verified in all
cases. All patients underwent preoperative gastrointestinal
endoscopy; 24 h pH monitoring was performed for 103
(96.3 %) and esophageal manometry for 101 (94.4 %)
patients.

The operative technique varied to some extent. The
proportions of different variations used, as well as con-
version rates, are listed in Table 1. In the majority of cases,

Table 1 The proportions of technical variations used and the con-
version rates

Technical variation Study population All patients

(n = 64) (%) (n = 107) (%)
Hiatoplasty 60.9 64.4
Anchoring of the wrap 76.6 74.8
Fundus mobilization 7.8 12.1
Fibrin glue 78.1 72.9
Conversion 6.3 8.4

hiatoplasty, anchoring of the wrap, and fibrin glue (Tisseel
Duo Quick, 2 ml, Baxter AG, Vienna, Austria) were used.
Mobilization of the fundus was performed only in a
minority of cases. A nasogastric tube, endoscope, or either
a 48 or a 52 French bougie was routinely used for cali-
brating the fundic wrap.

The DeMeester symptom scores were applied for the
evaluation of heartburn, regurgitation, and dysphagia [13].
Flatulence and bloating were analyzed with a similar
4-point scale. The patients were asked to evaluate both
their preoperative state and their current condition with
regard to every symptom. In addition, the patients were
requested to state their satisfaction level with their preop-
erative condition (satisfied, undecided, unsatisfied) and
with the results of surgery. They were also asked if they
would still prefer surgical treatment to medical treatment if
they were to have same the kind of symptoms as preop-
eratively. Patients were also asked about the possible
postoperative use of acid-suppressing drugs and operative
procedures (reoperations, dilatations).

All patients were mailed the forms containing the above-
mentioned items, and their consent to participate in the
study was requested. The patients who agreed were inter-
viewed in 2008-2009 by a nurse who had not been pre-
viously involved in the patients’ care. The form was
completed in detail in cooperation with the nurse.

Two of the authors (M.I. and T.R.) performed upper
gastrointestinal endoscopy on the patients after the inter-
view. Their particular interest was in the endoscopic
appearance of the fundic wrap, but signs of esophagitis,
Barrett’s esophagus, and hiatal hernia were also noted. The
fundic wrap was classified as defective if a distinct gastric
pouch above the narrowing caused by the folds of the wrap
could be observed (slipped Nissen), or if there were no
visible folds (total disruption) or only distorted, loose folds
(partial disruption) at the esophagogastric junction. If a gap
was found beside the fundic wrap, a recurrent hiatal hernia
was recorded. A defective fundic wrap was classified as a
surgical failure. All of the wraps were photographed and
the photographs were analyzed later in conjunction with
the other authors.
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Statistical methods

The Chi-square test, Mann—Whitney U test, and Wilcoxon
signed rank test were used for statistical comparisons.
Statistical analyses were performed with SPSS version 19.0
(SPSS inc., Chicago, IL, USA). P values <0.05 were
considered statistically significant.

Results

Sixty-four (59.8 %) of the initial 107 patients participated
in the study (40 men, mean age 61.9 years; range
28-85 years). Twenty-eight (26.1 %) patients refused to
participate, failed to attend, or could not be contacted, 11
(10.3 %) had died of causes unknown to us, and 4 were
immobile (3.7 %) (Fig. 1). The patient records of the 43
non-participating patients were reviewed, and neither late
complications nor reoperations were detected. The patient
characteristics of the study population and of the non-
attending patients are described in Table 2. The mean
follow-up time was 9.8 years.

Surgical failure was detected in seven (10.9 %) endos-
copies (slipped Nissen in six patients, disruption in one).
Esophagitis was detected in four patients, two of whom had
surgical failure. The incidence of esophagitis was signifi-
cantly higher in patients with surgical failure (P = 0.010).
Surgical failure was statistically more prevalent among
patients in whom fibrin glue was not used (P = 0.036).

Anchoring of the wrap had not been performed in two, and
fibrin glue was not used in four of those six patients with
slipped Nissen. One patient had slipped Nissen in spite of
anchoring of the wrap and the use of fibrin glue.

The patients with surgical failure reported more heart-
burn (P = 0.004) and regurgitation (P = 0.012) than
patients with an intact fundoplication wrap. There was no
difference in dysphagia, bloating, and flatulence between
the patients with defective and intact fundoplication wraps.

The use of antisecretory medication did not correlate
with the prevalence of esophagitis (P = 0.099); instead,
there was a correlation between the use of antisecretory
medication and surgical failure. If a patient had used
antisecretory medication at some point, the risk of surgical
failure was 12 times higher than in cases where medication
had not been used (P = 0.031). Furthermore, if a patient
used continuous antisecretory medication, surgical failure
was 20 times more likely (P = 0.025).

Table 2 Patient characteristics

Characteristic Study Non-attending
population patients

Mean age at operation (years) 52.0 54.8

Median age at operation (years) 53.7 54.1

Male gender (%) 62.5 62.8

Preoperative BMI 27.0 kg/m? 28.0 kg/m?

BMI body mass index

Fig. 1 Study profile

121 antireflux operations between 1997-1999

n=12 open fundoplications

A 4

\4

n=2 laparoscopic partial fundoplications

n=107 laparoscopic Nissen fundoplications

n=11 refused to participate
n=16 could not be contacted

n=1 failed to attend

\ 4

\ 4

n=4 immobile

n=11 died

n=64 study population
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Fig. 2 Self-rated change in
heartburn
Severe - Interference with daily activities
Moderate - Reason for medical visit
M pre-op
Minimal - Occasional episodes B post-op
None - No heartburn
0 10 20 30 40 50 60

Fig. 3 Self-rated change in
regurgitation

Severe - Episodes of pulmonary aspiration

Moderate - Predictable on position or straining

Minimal - Occasional episodes

None - No regurgitation

Three of 64 (4.7 %) patients had undergone reop-
eration: two for an endoscopically verified slipped
Nissen and symptom recurrence and one for dysphagia
and weight loss. Besides the one patient who had
undergone reoperation for dysphagia, 5 of 64 (7.8 %)
patients had required dilatation to correct postopera-
tive dysphagia, and one patient (1.6 %) required
dilatation for ventricle retention (pyloric dilatation).
One patient had undergone dilatation six times, one
two times, and three once. No dilatations were per-
formed on the non-attending patients in our hospital.
Three (4.7 %) patients had required postoperative
hernia repair, and one (1.2 %) patient had suffered a
fundic perforation from a non-absorbed suture. Six
(9.4 %) patients were on continuous antisecretory
medication, 17 (26.6 %) had taken medication at some
point, and 41 (64.1 %) had not needed it.

The primary symptoms had resolved significantly: 58
(90.6 %) patients had none or only minimal heartburn
(P < 0.001) (Fig. 2), and 61 (95.3 %) patients had none or
only minimal regurgitation (P < 0.001) (Fig. 3).

%

0 10 20 30 40 50 60 70
%

Dysphagia had increased (P = 0.026): 41 patients
(64.1 %) had no or only minimal dysphagia, 21 (32.8 %) had
moderate dysphagia, and two (3.1 %) suffered from severe
dysphagia (Fig. 4). Fundic mobilization was performed in
only five (7.8 %) patients, four of whom had no dysphagia
and one only minimal dysphagia. The use of fibrin glue was
not associated with postoperative dysphagia.

There was no statistical difference between preopera-
tive and postoperative bloating (Fig. 5), but flatulence
had increased (P = 0.024) (Fig. 6). Forty-three (67.2 %)
patients reported moderate or severe flatulence. Fifty-
seven (89.1 %) patients would have chosen surgery as a
treatment again if they were to develop the same kind of
symptoms as preoperatively. Four (6.3 %) patients would
not have chosen surgery again, and three (4.7 %) were
undecided. The patient satisfaction increased signifi-
cantly after the operation (P < 0.001). Preoperatively,
one (1.6 %) patient had been satisfied with his/her con-
dition, five (7.8 %) had been undecided, and 58 (90.6 %)
had been unsatisfied. Postoperatively, 53 (82.8 %)
patients were satisfied with the results of the surgery, four
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Fig. 4 Self-rated change in

dysphagia Severe - Episode of meat impaction requiring
medical treatment

Moderate - Required liquids to clear

M pre-op

. . ) M post-
Minimal - Occasional episodes post-op

None - No dysphagia

0 10 20 30 40 50 60 70

Fig. 5 Self-rated change in |
bloatin -
& Severe = pIEsR
M post-op
Moderate
Minimal
None
0 5 10 15 20 25 30 35 40 45
%
Fig. 6 Self-rated change in
flatulence
Severe
Moderate
Minimal
M pre-op
None
M post-op
0 5 10 15 20 25 30 35 40 45 50

(6.3 %) were unsatisfied, and seven (10.9 %) were  Discussion

undecided. With the above-mentioned scale, only two

patients felt the preoperative situation was better than the  In our study, surgical failure defined as a defective fundic
postoperative situation. wrap was detected in only 10.9 % of the patients. These
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results concerning defective fundic wraps are well com-
parable to the results of a university clinic and contribute to
the assumption that LNF is more durable than ONF in
long-term follow-up.

Previously, high numbers of surgical failures after ONF
have been observed. After 6.5 years (1-15 years) of fol-
low-up, 37 % of the ONF wraps were found defective in
our hospital [10]. A clear trend toward an increase in the
incidence of defects with the length of follow-up has been
linked to ONF [7, 9]. Still, there is only one prior long-term
follow-up series with endoscopic evaluation of the fundo-
plication wraps. Laparoscopic Nissen fundoplication was
found more durable than ONF, as surgical failure was more
prevalent after ONF (46.4 vs. 11.1 %, respectively). In that
series, the proportion of defective wraps increased further
between 11 and 15 years of follow-up in the ONF group
but not in the LNF group [7, 11]. The present results for
LNF are also clearly better than the previous results
achieved at our hospital for ONF [10]. In addition, those
results are closely comparable to those reported by
Salminen et al. [7] at a university clinic. In their study, the
LNFs were performed by a single surgeon, whereas our
study included several operating surgeons.

An interesting observation was that fibrin glue seemed
to decrease the prevalence of surgical failure statistically.
Previously, fibrin glue had been found to be an independent
factor in the prevention of failure after LNF [12]. One
might assume that anchoring of the fundic wrap would
prevent slippage. However, in most of the cases with
slippage, fibrin glue was not used, and in only two cases
anchoring was not performed. Fibrin glue was mainly
placed on serosal folds of the fundic wrap, but it was also
put on the lowermost stitch, which anchored the fundic
wrap to the gastroesophageal junction. It is likely that this
is the most important factor for preventing slippage of the
fundic wrap. However, there are probably many different
aspects of the surgery that prevent slippage of the fundic
wrap, as in one patient with slippage anchoring was used
with fibrin glue. These findings support the theoretical
basis behind the use of fibrin glue, because it was found to
cause scar formation between the serosal folds of a fundic
wrap in an experimental animal study [14]. In our previous
study the use of fibrin glue was stopped for fear of dys-
phagia. However, in the presented study postoperative
dysphagia was not associated with the use of fibrin glue,
which further supports the use of fibrin glue for the pre-
vention of surgical failure after LNF. However, a ran-
domized controlled trial (RCT) should be conducted to
further substantiate the assumption.

No differences have been found in the symptomatic
outcome between the ONF and LNF groups [5, 7].
Although Salminen et al. [7] found more disruptions of
fundoplication wraps in the ONF group, the symptomatic

outcome did not differ between the groups. In our series, no
or minimal heartburn was experienced by 90.6 % and no or
minimal regurgitation by 95.3 % of the patients. Previ-
ously, corresponding percentages of 86.7-97.9 and
94-98.7 % have been reported for heartburn and regurgi-
tation, respectively [5, 6, 15, 16]. In contrast to previous
results, dysphagia seemed to be more common in our study
group, as 35.9 % of our patients experienced moderate or
severe dysphagia. Even though dysphagia is rather com-
mon shortly after LNF, the problem has been discovered to
resolve in an extended follow-up [5]. Other studies have
reported 88-97.9 % of patients having no or occasional
dysphagia ten to eleven years after the operation [5, 6, 15,
16]. Dallemagne et al proposed routine gastric fundus
mobilization to be related to low dysphagia rates [16].
Furthermore, in Finland, severe dysphagia after LNF
occurred only among patients with no fundic mobilization
during a ten-year period [17]. Gastric mobilization was
performed on only 7.8 % of our patients, and we believe
this is the main reason for the higher dysphagia rates in our
study. However, RCTs do not support the importance of
gastric mobilization in the prevention of dysphagia, sug-
gesting that an experienced laparoscopic surgeon can also
achieve good results in regard to postoperative dysphagia
without fundic mobilization [18-21]. Even though attempts
were made to avoid the effect of the learning curve period,
two of the operating surgeons were relatively inexperi-
enced, which may have influenced the results. At present,
we divide the 2-3 uppermost short gastric vessels as was
recommended in the study by Hunter et al [22]. Moreover,
the instrument used to evaluate dysphagia has its limita-
tions with its four-point scale. One may have difficulties in
grading the right degree of dysphagia between minimal and
moderate, especially if there is a difference between the
preoperative and postoperative condition. Only two of the
patients characterized their dysphagia as severe, which is in
line with the fact that the patient satisfaction is high despite
the increase in dysphagia.

Of the unwanted side effects usually related to LNF,
flatulence had increased and was moderate or severe in
67.2 % of our patients, whereas bloating had not increased
postoperatively (Figs. 5, 6). Other authors have reported
the presence of atypical GERD symptoms variedly, but
Salminen et al. [7] and Dallemagne et al. [16] also
observed increased flatulence after LNF.

The reported rates of using antisecretory medication
ten or more years after LNF have ranged from 8.4 to
46.5 % [5-7, 16]. In our series, 9.4 % of patients were on
continuous antisecretory medication, and 26.6 % had
used medication at some point. There was a correlation
between surgical failure and the use of antisecretory
medication. Only one patient with surgical failure had not
used antisecretory medication. For patients who were on
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continuous antireflux medication, surgical failure was
found to be 20 times more likely than when medication
was not used. However, 17 patients with an intact fun-
doplication wrap used/had used antisecretory medication.
The high rate of postoperative use of antireflux medica-
tion is much debated. It has been stated that the drugs are
used for the wrong indications [5, 8, 23]. Our question-
naire did not include questions regarding either indica-
tions for the use of antisecretory medication or the
response of these medicines, which prevented us from
further analyzing this subject. One report found that 24 h
pH monitoring showed abnormal esophageal acid expo-
sure in only 24 % of the patients who used postoperative
acid suppression medication of any kind [8]. Further-
more, at ten years postoperatively, only 35 % of the
patients who were dependent on daily PPI therapy due to
heartburn and regurgitation showed evidence of reflux
pathology in 24 h pH impedance monitoring [5]. Even
though it has been demonstrated that the postoperative
use of antireflux medication is a poor marker of recurrent
reflux, it reflects, to some extent, the overall symptomatic
status of patients.

Our results concerning patient satisfaction are quite
comparable with prior studies, as 89.1 % of our patients
would have opted for surgery again and only 6.3 % would
not. Previously, respective percentages of 77.1-93.3 and
5.4-14.6 % have been reported [5-7]. Furthermore, only
6.3 % were dissatisfied with the results, and only two
patients felt their preoperative situation had been better.

This study has some obvious limitations. The partici-
pation rate was only 59.8 %, which could lead to selection
issues. We reviewed the patient records of the non-partic-
ipating patients, and neither late complications nor reo-
perations were detected. Because our hospital is the only
one in the area performing re-fundoplications, it is likely
that the patients with major difficulties would have been
found. The known demographic characteristics of the non-
attending patients are similar to the study population
(Table 2), as were the operative techniques used (Table 1),
which supports our assumption that there is no selection
bias. Another limitation of our study, however, is related to
the setting: we did not have preoperative values of symp-
tom scores available to us, and patients therefore had to
estimate the preoperative situation retrospectively. This
could lead to over- or underestimated values. However, one
can assume that the values reflect the overall patient sat-
isfaction and reveal the trend of change reliably. As to the
strengths of the present study, we had an independent
interviewer who interviewed all the patients, the average
follow-up time was extensive, and the fundoplication
wraps were evaluated not only by a single researcher but
also by the whole team from photographs. Endoscopy has
proven a practical method in discovering patients with

@ Springer

defective fundic wraps and patients with recurrent reflux
[8, 9, 24].

This study contributes to the previous notion that LNF is
associated with fewer surgical failures than ONF. Increased
dysphagia and flatulence are the most important side effects of
the treatment. The use of technique incorporating the division
of short gastric vessels might have led to lower dysphagia
rates. Our results indicate that LNF can well be performed in a
community-based hospital with acceptable long-term results.
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Abstract

Background A substantial number of people are suffering from gastroesophageal reflux disease (GERD). The
indication for surgical treatment is the failure of medical treatment in patients with objectively verified GERD. The
use of PPIs has been noted to increase with the length of follow-up after fundoplication, raising questions concerning
the durability of surgical results. The aim of the study was to investigate the results of open Nissen fundoplication
(ONF) over a follow-up of more than 31 years.

Methods ONF was performed for 38 consecutive patients. Questionnaires concerning long-term outcome were sent
on December 14, 2015, to the 24 patients still living. Long-term symptom evaluation was carried out using the
Gastrointestinal Symptom Rating Scale (GSRS), Visick grading, a Visual Analog Scale (VAS), the DeMeester—
Johnson reflux scale, and the 15D tool.

Results Seventeen (70.8%) of the 24 patients still living participated in the study. The typical symptoms of GERD
had resolved significantly. Dysphagia was graded as none or minimal by 13 (81.3%) patients. The mean 15D score of
the patient group was clinically and statistically the same (0.896 vs. 0.899) as that of the age- and sex-standardized
general population (p = 0.912). Six (15.8%) patients had used antireflux medication after the operation and 4 of them
(10.6%) continuously.

Conclusions Patients in the present study used PPIs less frequently than what has been reported in previous long-
term follow-up studies. Our results indicate that successful surgery may provide lifelong relief of GERD symptoms

and normalize the health-related quality of life in GERD patients.

Introduction

A substantial number of people are suffering from gas-
troesophageal reflux disease (GERD), as the condition has
become the most prevalent gastrointestinal disorder in the
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Western countries. The prevalence of weekly heartburn
and/or regurgitation is 9.8-27.8%, and 32-66% of people
report monthly or annual symptoms [1-3]. The burden of
the disease on healthcare resources is notable [4].

Medical and surgical treatments have proven equally
effective in the treatment of patients with GERD initially
responsive to proton pump inhibitors (PPIs) [5]. Because of
the side effects related to surgical treatment, however, most
patients are treated medically.

The indication for surgical treatment is the failure of
medical treatment in patients with objectively verified
GERD [6]. As approximately 30% of heartburn patients
experience at least weekly breakthrough symptoms despite
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the use of PPIs and 35.4% are not unequivocally satisfied
with the medication, there is a demand for surgical treat-
ment for carefully selected patients [7]. Providing the
patients adequate information about the benefits and harms
is essential for successful surgery.

Even though the first Nissen fundoplication was per-
formed 60 years ago [8], the longest follow-up series are
currently limited to 20 years [9, 10]. The number of
defective wraps and the use of PPIs have been noted to
increase with the length of follow-up after fundoplication,
raising questions concerning the durability of the surgical
results [10-14]. As the surgical treatment irreversibly alters
the anatomy of the cardia region, it is of major interest to
understand how effective the procedure is providing life-
long reflux control. The aim of the present study was to
determine the results of open Nissen fundoplication (ONF)
over a follow-up of more than 31 years.

Methods
Patients

ONF was performed for 38 consecutive patients (20
females, mean age at the operation 44 years, range 23—60)
between January 7, 1983, and November 6, 1984, at
Tampere University Hospital. The indications were either
erosive esophagitis with (5 patients) or without (17
patients) GERD symptoms, or refractory GERD symptoms
despite H2 blocker therapy (16 patients). Preoperative

Table 1 Causes of death among the 14 deceased patients

Cause of death Number of patients

Myocardial infarction 4
Malignancy 4%

evaluation included upper gastrointestinal endoscopy in all
cases, esophageal pH monitoring in 8 cases (spontaneous
gastroesophageal reflux detected in all cases), and the
Bernstein test in 1 (positive) case. The endoscopic findings
were graded according to the Savary—Miller classification
as: grade II 20 and grade IV 3 (Barrett’s esophagus in one
preoperative endoscopy) [15]. Fourteen patients (36.8%)
had died during the follow-up of causes unrelated to GERD
(Table 1), and seven (18.4%) patients did not participate in
the long-term follow-up study. The indications, as divided
for the participating, the non-participating, and the
deceased patients, are described in Table 2.

Surgical procedure

All of the operations were performed by an experienced
surgeon (M.M.). Open anterior Nissen-Rossetti fundopli-
cation was carried out through a midline incision. Fundic
mobilization was done only selectively in order to achieve
a loose enough wrap. Three non-absorbable stitches were
used to construct a 2- to 3-cm-long fundic wrap. The wrap
was anchored to the gastroesophageal junction with the
lowermost stitch. Hiatal closure was not done. A 32-French
nasogastric tube was inserted into the esophagus during the
creation of the fundic wrap. In two patients, perioperative
esophageal dilatation was achieved using an Eder-Puestow
dilatator due to esophageal stricture. Additional cholecys-
tectomy was performed for two patients because of
symptomatic gallstones.

Data collection

Preoperative and short-term postoperative data were col-
lected prospectively by one of the authors (M.M.). For the
long-term follow-up results, another author (T.R.) retro-
spectively reviewed all the patient documents on December
7, 2015. All possibly related procedures (endoscopies,

Vascular dementia 2 reoperations due to GERD or related to the wound) were

Alcohol intoxication 1 noted. Death certificates for the deceased patients were

Meningitis (alcoholic) 1 requested from Statistics Finland to ascertain the final

Pneumonia 1 causes of death. The questionnaires concerning long-term

Suicide 1 outcomes were sent on December 14, 2015, to the 24

* No cancer in the gastrointestinal tract patients sFill living. The q}lestionnairejs were resent a fur-
ther two times to those patients who did not respond. In all

Table 2 Indications for operation

Indication Attending patients Non-attending patients Deceased patients

Erosive reflux disease (%) 58.8 57.1 57.1

Positive pH or Bernstein test (%) 11.8 28.6 214

Heartburn and regurgitation, and hiatus hernia or Barrett’s esophagus (%) 29.4 14.3 21.4
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of the questionnaires, the patients were requested to define
both the preoperative and the present situations.

Long-term symptom evaluation was made using the
Gastrointestinal Symptom Rating Scale (GSRS) [16],
Visick grading [17], a Visual Analog Scale (VAS; bloating
and flatus) [18], and the DeMeester-Johnson reflux scale
(heartburn, regurgitation, dysphagia) [19]. When analyzing
the VAS results, a score of 0 was considered as having no
symptoms while 100 represented the worst possible
symptoms. To simplify the comparison, the VAS values
were later converted to represent a four-point symptom
severity scale as follows: 0 = none, 1-33 = minimal,
34-66 = moderate, and 67-100 = severe. New-onset
symptoms after the operation were inquired about.

Health-related quality of life was defined using the 15D
tool [20]. A comparison between the 15D results of our
patient group and a general Finnish population was con-
ducted (age- and sex-standardized general population
n = 2213) [21]. In addition, the patients were requested to
state their satisfaction level with the results of the surgery
(satisfied, undecided, or unsatisfied). They were also asked
whether they would still prefer surgical treatment over
medical treatment if they were to have the same kind of
symptoms as preoperatively.

Finally, patients were asked about the possible postop-
erative use of acid-suppressing drugs and further operative
procedures (reoperations, upper gastrointestinal endo-
scopies, and dilatations).

Statistical analysis

The statistical significance between pre- and postoperative
values concerning heartburn, regurgitation, dysphagia, and
Visick grading was calculated with a marginal homo-
geneity test. A pairwise T test was used to evaluate GSRS
and 15D mean values. The Wilcoxon test was applied to
assess the VAS data. The values of the 15D data were
analyzed with the Mann—Whitney U test. P values less than
0.05 were considered significant.

Ethics

This study was approved by the Ethical Committee of
Kuopio University Hospital.

Results

Short-term recovery

During the initial recovery, one patient had a wound

infection, which resolved with antibiotics and caused no
long-term sequelae. For 35 patients (17 attending, 6 non-

attending, and 12 deceased patients), surveys concerning
symptom control and satisfaction were carried out
3-6 months after the operation. According to the short-
term results, three patients (8.6%) had mild heartburn, and
five patients (14.3%) had mild dysphagia, while the others
reported no heartburn or dysphagia. Twenty-seven patients
evaluated the results of the surgery with a Visick grade of 1
(77.1%), and 8 scored the results as grade 2 (22.9%).
Sixteen (45.7%) patients were satisfied and 19 (54.3%)
highly satisfied with the results. At this point, 4 upper
gastrointestinal endoscopies were performed due to mild
heartburn (3 patients) or mild dysphagia (1 patient). The
endoscopies revealed normal fundic wraps with no
esophagitis in all cases.

After a mean follow-up of 27 months, 19 patients (10
attending, 3 non-attending, and 6 deceased patients) were
evaluated again. None of the 19 patients had reflux
symptoms, but one had mild dysphagia. Eighteen patients
(94.7%) gave the result a Visick grade of 1 and one patient
a (5.3%) grade 2. All the patients were satisfied with the
operative results.

Long-term results

Sixteen of the 24 patients (66.7%) responded to all of the
questionnaires concerning the long-term results, while one
patient completed only the GSRS questionnaire and
answered the questions regarding satisfaction with the
results of surgery. Therefore, 17 of the 24 still living
patients (70.8%) participated in the long-term follow-up.
The patient characteristics of the attending, the non-at-
tending, and the deceased patients are described in Table 3.

The mean age of the participating patients at the time of
the operation was 43.4 years (range 30-59 years) and, after
the mean follow-up of 32.0 years (range 31.3-33.0 years),
69.5 years (range 61-87 years).

After combining the results of the survey and the data
from the patient records, we found that four out of 38
patients (10.6%) had been on continuous antireflux medi-
cation (three patients used PPIs and one patient H2
blockers) and two had used occasional medication (one
patient used PPIs and the other alginate). Therefore, six
(15.8%) patients had used antireflux medication after the
operation. Four of these were attending patients (23.5%),
and 2 were deceased (14.3%) patients. Two patients used
the medication for heartburn (1 attending and 1 deceased
patient; PPIs), two (both attending patients) for upper
abdominal pain (H2 blocker + alginate), and two (1
attending and 1 deceased patient) because of the use of
NSAIDs (PPIs).

One patient who did not participate in the study had
undergone a correction of an incisional hernia (2.6%). By
the end of our long-term follow-up period, upper
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Table 3 Patient characteristics

Characteristics Attending patients Non-attending patients Deceased patients The whole study population
(n=17) n=17 (n=14) (n = 38)

Male sex (%) 47.1 57.1 50.0 50.0

Mean age at operation (years) 43.4 344 499 442

Diagnosis of Barrett’s esophagus (%) 11.8 0.0 7.1 7.9

Postoperative use of antireflux medication (%) 23.5 0.0 14.3 15.8

gastrointestinal endoscopy had been performed on 7
patients (5 attending and 2 deceased patients); on 3 patients Severe - Episodes of pulmonary H
several times due to surveillance of Barrett’s esophagus sspiretion |
(Fundic wrap was normal in all cases); and on another 3 Moderate - Predictable on position or [N
due to an unknown reason (fundic wrap was normal in each straining
case). In one of the deceased patients (2.6%), a disruption |

: . ie: Minimal - Occasional episodes -
of the wrap, recurrent hiatal hernia, and esophagitis had P
been discovered in an endoscopy, which was done because
of GERD symptoms. The patient was managed conserva- None - No regurgitation
tively with pantoprazole 40 mg once daily. Neither S N N
dilatations nor reoperations due to recurrent GERD had
been performed. In addition, no other visits to our hospital
due to GERD were found.

The results of our questionnaire revealed that the typical
GERD symptoms had resolved significantly, as 15 (93.8%)
patients experienced either no or only minimal heartburn
(p < 0.001) (Fig. 1), and 12 patients (75%) had no regur- Se"er;equﬁf;s‘g°r‘:]zsd?:a’l“terz;’r:';zt"°" h
gitation, while the remaining four (25.0%) graded their
regurgitation as minimal (p < 0.001) (Fig. 2). Dysphagia
was graded as none by ten (62.5%), minimal by three
(18.8%), and moderate by three (18.8%) patients
(p = 0.013) (Fig. 3).

Six (37.5%) patients reported no bloating, five (31.3%) *
N —
0 2 4

M pre-op

post-op

Fig. 2 Self-rated change in regurgitation

Moderate - Required liquids to clear
M pre-op

0ost-0
Minimal - Occasional episodes P P

had minimal bloating, two (12.5%) had moderate bloating, None - No dysphagia
and one (6.3%) patient had severe bloating (p = 0.009)
(Fig. 4). Two (12.5%) patients were undecided. Four
(25.0%) patients reported no flatulence, seven had minimal
flatulence (43.8%), and three (18.8%) had moderate

| | |
6 8 10 12

Fig. 3 Self-rated change in dysphagia

Severe - Interference with daily _
activities
Severe
Moderate - Reason for medical visit _
Moderate
M pre-op
- post-op 1 M pre-op
Minimal - Occasional episodes Minimal post-op
None - No heartburn None
| | | | | t | ! | | | |
0 2 4 6 8 10 12 0 1 2 3 4 5 6 7 8
Fig. 1 Self-rated change in heartburn Fig. 4 Self-rated change in bloating
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flatulence (p = 0.12) (Fig. 5). As with bloating, two
(12.5%) patients were undecided concerning flatulence.
One person felt the bloating was worse postoperatively
(VAS 50) than preoperatively (VAS 30), and another
scored VAS 80 for both pre- and postoperative values. Two
persons felt their flatulence had become more prominent
postoperatively, another two observed no difference, and
the rest felt the preoperative situation was worse.

The mean Visick grade was 3.94 preoperatively and
0.625 after the follow-up (p < 0.001). The mean GSRS
score decreased from 31.3 to 7.9 (p < 0.001).

The mean 15D score of the patient group was clinically
and statistically the same (0.896 vs. 0.899) as that of the
age- and sex-standardized general population (p = 0.912).
The only dimension with a statistically significant differ-
ence was mental function, the scores of which were 0.96
for the patient group and 0.86 for the general population
(p = 0.008) (Fig. 6).

Overall, 94.1% of the patients were satisfied with the
results of surgery, while one patient graded the satisfaction
level undecided because of flatulence and inability to
vomit. There were no unsatisfied patients, and all of the
patients would have chosen to undergo the surgery again if

severe
woderate T
M pre-op
o post.op
none TN
0 1 2 3 4 5 6 7 8
Fig. 5 Self-rated change in flatulence
1,0000
= Mean 15D score
9500 Population .899
Patients .896
9000 Vi :>\' /
® S R ) |
2 8500 ] 1S
© N
> %
- ,8000 - A —— Population
>
,7500 JE—_
3 Patients
,7000
,6500
,6000
¢ £ & X P NI VR VI e T Y G
W FIFF C SIS IS S
Dimensions
Fig. 6 15D profiles of the study patients and of an age- and sex-
standardized general population (population)

they were to have the same kind of symptoms as preop-
eratively—even the one grading the satisfaction level as
undecided.

Discussion

In our study, we found the subjective reflux control of our
patient group to still be surprisingly good more than
30 years after the ONF, and more importantly, the health-
related quality of life was the same as that of the general
population. To our knowledge, this study provides the
longest follow-up period published after fundoplication.

After the introduction of laparoscopic Nissen fundopli-
cation (LNF) in the 1990s, the number of antireflux pro-
cedures rose rapidly but has since declined closer to the
numbers of the pre-laparoscopic era [22-24]. One of our
interests was to review the indications for surgical treat-
ment in the 1980s. Twenty-two patients in the present study
were operated on for severe GERD with erosive
esophagitis verified in preoperative endoscopy, but 16 were
operated on because of H2-blocker-resistant symptoms. pH
monitoring was done for only eight patients, which reflects
the routine clinical practice of that time, as the availability
of objective testing was limited. Roughly speaking, the
indications can be considered similar to those we found in
the laparoscopic era [23]. It can be speculated that the less
invasive nature of LNF probably made it a more liberally
offered treatment than open surgery, leading to the increase
in antireflux surgery in the 1990s.

According to patient-reported results, fundoplication
offers durable symptom control more than 30 years after
the operation. In our study, 93.8% of the patients had no or
minimal heartburn, and the results concerning regurgitation
were even better as there were no patients grading their
regurgitation as moderate or severe. In other long-term
follow-up studies, 76-91% and 82-91% of patients have
had no or only minimal heartburn and regurgitation,
respectively, after ONF [9, 13, 25, 26]. The long-term
symptomatic outcome has been proven to be similar after
LNF and ONF [11, 13].

Of the treatment-related side effects, the dysphagia rate
was comparable to other studies, as 18.8% reported mod-
erate dysphagia, but no severe dysphagia was found
[9, 11, 13, 26]. The rates for bloating and flatulence were
somewhat lower than those reported in previous long-term
follow-up studies [11, 25, 26], and in fact, these symptoms
were graded as lower after the follow-up than preopera-
tively. Still, flatulence was named as a new-onset symptom
on three occasions, an inability to belch or vomit twice,
constipation also twice, and bloating once after the oper-
ation. Overall, only five patients reported new-onset
symptoms. A retrospective evaluation of the preoperative
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state of these symptoms is not ideal, but one can assume
the majority of the patients are not disturbed by the treat-
ment-related  side effects more than 30 years
postoperatively.

In a Danish population-based study, the 15-year cumu-
lative risk of long-term PPI use was 56.6% after antireflux
surgery [14]. Salminen et al. [11] found that 15.1% of
patients used daily PPIs 15 years after fundoplication and
46.5% had used PPIs overall. In the study by Broeders et al.
[13] the daily PPI use was 22.4% at 9.8 years after ONF.
The figures in our patient group compare favorably to those
previously described, as the overall use of antireflux
medication was 15.8, and 10.6% of the patients had been
on continuous medication. Furthermore, only two (2/38,
5.3%) patients had been on continuous PPI treatment
because of heartburn. According to these results, the need
for antireflux medication may not necessarily explode with
the length of follow-up.

GERD has been verified to lower the health-related
quality of life [27]. One of the most important results of
this study is the fact that the health-related quality of life of
the patient group was similar to that of the general popu-
lation. In our previous study, we found that dissatisfaction
with the treatment lowered the 15D scores, while the scores
of the satisfied patients were clinically the same as those of
the general population [28]. The results of this study are in
line with our previous results, since satisfaction with the
treatment in this patient group proved to be high. There are
only few previously published studies using generic mul-
tidimensional health-related quality of life instruments
after fundoplication.

Our study has some limitations. First of all, the size of
our patient group is relatively small. Also, the high number
of deceased patients at the end of follow-up and an only
fair participation rate increase the risk of selection bias. In
addition, it can be speculated that the healthiest live the
longest, which might further misrepresent the results to
seem better, at least as far as the quality of life is con-
cerned. However, to enhance the reliability of the study, we
went through the patient records of the whole patient
group, and it is reasonable to assume that the persisting
problems and complications concerning GERD among the
non-attending were found. In addition, our hospital is the
only center in this area in which reoperations and dilata-
tions are performed, and therefore, all severe problems
would have been seen when the patient records were ana-
lyzed. Also, only one patient had moved outside the
referral area of our hospital, and this patient also attended
the study. Another limitation of our study is the lack of
objective results. Previously, heartburn and regurgitation,
postoperative use of antireflux medication, and dissatis-
faction with the treatment have been found to be associated
with defective fundic wraps [9, 11, 29]. The good results of
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this study indirectly implicate durable surgical outcomes in
our follow-up group.

The results of this study concerning typical reflux
symptoms, patient satisfaction, as well as postoperative PPI
use are surprisingly good in comparison with previous
long-term studies. In part, the good results may stem from
issues in participation or in the study setting—only one
patient was not completely satisfied with the results.
However, it is also possible that the final selection of
patients for surgical treatment may have succeeded
exceptionally well, thus leading to good results. The fact
that the patients were operated on before the introduction
of PPIs may also have given the patients a strong subjective
experience of the power of surgical treatment compared to
the conservative treatment available in the 1980s. The
long-term results of this study do not represent the long-
term results of antireflux surgery in general, but rather
provide an idea of the outcomes in cases of successful
ONF.

In conclusion, against our primary hypothesis, patients
in the present study used PPIs less frequently than what has
been reported in previous long-term follow-up studies.
Therefore, our results indicate that successful surgery may
provide lifelong relief of reflux symptoms and normalize
the health-related quality of life in GERD patients.
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