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Anatomy and physiology of the
gastroesophageal junction

The function of the gastroesophageal junction is to separate the gastric and 
esophageal cavities, to regulate fl ow of food between the esophagus and the 
stomach, and to prevent refl ux of gastric contents1. It is a complex dynamic valve 
which compensates pressure variations associated with inspiration and swallowing 
and includes both an internal and an external component2. The intrinsic muscles of 
the distal esophagus along with oblique fi bres of the gastric cardia form the lower 
esophageal sphincter (LES). The right crus of the crural diaphragm constitutes the 
external component which is made up of striated muscle and is anchored to the 
distal esophagus via the phrenicoesophageal ligament. Therefore, the gastroesophageal 
junction involves both an esophageal and diaphragmatic element that continuously 
supplement each other to maintain competence in a static condition and during 
dynamic stresses associated with increased intra-abdominal pressure or swallowing. 
This interplay of the two elements can be regarded as pivotal in maintaining an 
adequate gastroesophageal refl ux barrier3.
Benign disorders of the gastroesophageal junction mainly comprise hiatal hernia 
(HH), gastroesophageal refl ux disease (GERD) which also may be accompanied by 
a HH and achalasia. Hiatal hernia can be subdivided in different types and can 
lead to a variety of symptoms. In general, HH refers to herniation of elements of 
the abdominal cavity through the esophageal hiatus of the diaphragm. Both 
disorders, i.e. GERD and hiatal hernia, will be discussed in detail in this thesis. 

Gastroesophageal refl ux disease

Gastroesophageal refl ux disease is notable for its prevalence, variety of clinical 
presentation, morbidity and substantial economic consequences4-7. It is 
characterised by symptoms and/or tissue damage that result from repeated or 
prolonged exposure of the lining of the esophagus to acidic contents from the 
stomach3,8-10. Quantitative estimates of the actual prevalence of GERD are scarce 
but have been reported to vary between 10-40% in Western countries and increase 
with age in both sexes4,11. Heartburn and regurgitation are the characteristic symptoms
of this disorder but atypical manifestations, such as hoarseness, nocturnal cough, 
dysphagia and gastric asthma, can also occur12. The spectrum of GERD symptoms 
severity ranges from individuals with occasional episodes of mild heartburn to 
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those with frequent, severe symptoms that occur several times a day and are 
associated with signifi cant impairment of health-related quality-of-life and 
productivity3. Symptoms, however, are not reliable predictors of the presence of 
GERD13,14. Only 60% of patients with heartburn have abnormal 24-hr pH tests, 
while chronic heartburn and regurgitation can be present without evidence of 
mucosal damage on upper endoscopy. Complications develop in approximately 
50% of patients with abnormal gastroesophageal refl ux including esophagitis and 
Barrett’s metaplasia. The dominant pathophysiological mechanisms causing 
gastroesophageal junction incompetence are transient lower esophageal sphincter 
relaxations, usually in combination with a hypotensive lower esophageal sphincter. 
The causal role of the anatomic disruption of the gastroesophageal junction, 
frequently associated with a hiatal hernia, has not yet been fully clarifi ed3,10,15.
The diagnosis of GERD is established by clinical history and upper gastrointestinal 
endoscopy and suffi ces to start medical therapy. Further evaluation may involve 
esophageal manometry and 24-pH monitoring to confi rm the diagnosis of GERD 
and identify motility abnormalities, especially when patients are insuffi ciently 
reacting to medical treatment and when a discrepancy exists between symptoms 
and endoscopy. Furthermore, 24-hr pH monitoring provides the possibility of 
investigating the temporal relationship between symptoms and acid refl ux16-18.
Medical management remains the standard initial therapy for patients with 
symptomatic GERD with reported long-term effi cacy of this therapy in the majority 
of patients5,19,20. H2-receptor antagonists and proton pump inhibitors (PPI) form the 
basis of pharmacological therapy for GERD. Both agents are effective because they 
reduce gastric acid secretion and, hence, the potential for acid- and pepsin-
mediated injury to the esophageal epithelium21. Many studies indicate that PPIs 
are superior to H2-receptor antagonists for the healing of erosive esophagitis and 
for the resolution of GERD symptoms in patients with non-erosive or erosive 
esophagitis22.

Antirefl ux surgery

The general indications for antirefl ux surgery in subjects with GERD are failure of 
medical therapy to control the symptoms or signs of refl ux esophagitis, the need 
for lifelong medical therapy to prevent clinical relapse and the occurrence of extra-
esophageal disease19,23,24. The principles of this treatment strategy, regardless of the 
approach, are restoration of the intra-abdominal esophagus, reconstruction of the 
diaphragmatic hiatus and reinforcement of the LES by fundoplication25. These aims 
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can be achieved by a variety of surgical procedures, of which the most commonly 
performed are the Nissen fundoplication, the Toupet partial fundoplication, the 
Hill repair, and the Belsey Mark IV operation26,27. All involve replacing the LES into 
the abdomen and augmenting the LES barrier to refl ux. The Nissen fundoplication 
relies on a 360° plication of the fundus of the stomach around the intra-
abdominal esophagus, which increases the resting pressure of the LES and the 
intra-abdominal length of the sphincter, accentuates the angel of His, and speeds 
the rate of gastric emptying28-31. In the Hill repair, the lesser curvature of the 
stomach is plicated and fi xed to the preaortic fascia. In the Belsey Mark IV 
procedure, the fundus of the stomach is rolled onto the lower esophagus, resulting 
in re-establishment of the antirefl ux valve at the LES. 
These procedures have been performed in patients with GERD with a 90% success 
rate after 10-year follow-up8,32,33. A mortality rate of less than 1% is reported33.
The incidental splenectomy rate for the open procedure is between 1 and 8.5%, 
and the length of hospital stay is 6 to 10 days33. Complications of surgery include 
dysphagia, slippage of the fundoplication into the chest, gastric ulceration, gas 
bloat and diarrhoea due to vagal nerve damage34-38. These complications are 
usually not severe, and they require specifi c therapy in less than 6% of patients39-41.
The Nissen fundoplication has been found to give the most consistently good 
results, whereas the other procedures are more operator-dependent42,43.
With the advent of laparoscopic surgery, antirefl ux procedures have also been 
performed via minimally invasive techniques44-46. The advantages of laparoscopic 
procedures include a shorter hospitalisation with less pain, better cosmetic results, 
and an earlier return to work47. There are fewer complications, such as wound 
infections, cicatricial hernia, deep vein thrombosis, or pulmonary complications48.

Hiatal hernia

Hiatal hernia can be categorised into four groups, as determined by Hill and Tobias 
in 196649. The anatomical alteration of the gastroesophageal junction in these 
disorders are illustrated (fi gure 1) and outlined in this paragraph. 

Type I: Sliding HH
This is by far the most common HH, accounting for over 95% of patients who 
have this diagnosis50. This type of HH is characterised by weakness and elongation 
of the phrenoesophageal ligamentous structures that have an important function in 
maintaining the normal intra-abdominal location of the gastroesophageal junction. 
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A cephalad protrusion of the gastric cardia through the hiatus can be identifi ed. 
Risk factors for the acquirement of this disorder comprise obesity and pregnancy as 
the combination of an increased positive intra-abdominal pressure with a negative 
pressure within the thoracic cavity will enhance the progression of the HH3. The 
loss of phrenoesophageal ligament integrity and subsequent replacement of the 
LES also leads to dysfunction of the gastroesophageal antirefl ux barrier. Accordingly, a 
sliding HH is primarily associated with functional gastrointestinal symptoms, often 
related to abnormal exposure of gastric refl uxate25.

Type II: “True paraesophageal hernia”
True type II HH is relatively uncommon, occurring in 5% of all HH51. This disorder 
is distinguished by the preservation of the phrenoesophageal ligament, allowing 
the gastroesophageal junction to be normally positioned within the abdomen. The 
gastric fundus herniates anteriorly to the gastroesophageal junction into the 
posterior mediastinum surrounded by a variably large hernia sac, lined with 
peritoneum. This anatomic derangement can lead to mechanical problems of 
esophageal or gastric obstruction with subsequent dysphagia, chest pain, pulmonary 
dysfunction and anaemia due to chronic mucosal infl ammation52,53. Typical refl ux 
related symptoms, i.e. heartburn and regurgitation, are less prominent complaints 
among patients with type II HH. 

Type III: “Mixed HH”
This anatomical classifi cation of HH represents the most common form of type II 
through IV HH and have elements of both type I and type II HH51. With 
progressive enlargement of the hernia through the hiatus, the phrenoesophageal 
ligament stretches, displacing the gastroesophageal junction above the diaphragm, 
thereby adding a sliding element to the hiatal hernia. Patients diagnosed with this 
type of HH may experience symptoms of GERD in a reported 30-69% of 
patients54,55. The most predominant symptoms and potentially adverse events, 
however, are related to the mechanical aspects of the HH. 

Type IV: “Giant HH”
Type IV HH is defi ned by the entire intrathoracic herniation of the stomach, 
sometimes accompanied by other organs such as the colon, omentum and spleen 
into the large hernia sac of the HH (fi gure 2)51. As with type II or III HH, this 
disorder may or may not be associated with a sliding hiatal hernia. 
All large HH (types II-IV) may lead to severe complications, like gastric incarceration 
and strangulation, although their incidence is low8,49,56. Large HH are observed 
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more commonly in the elderly population with a peak incidence between 60 and 
70 years of age57. Although these disorders tend to progressively enlarge, surgical 
intervention has demonstrated to be effective only in those patients with evident 
symptoms related to the hernia or when complications occur based on a key note 
study on this subject by Stylopoulos et al58,59.

Figure 1 

Anatomical position of the esophagus and stomach in type I-IV hiatal hernia (HH). 

normal
gastroesophageal

anatomy

type I HH type II HH

type III HH type IV HH
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Minimally invasive surgery for benign disorders of 
the gastroesophageal junction

Since the introduction of laparoscopic Nissen fundoplication (LNF) for GERD in 
1991 by Dallemagne and laparoscopic repair of large HH by Cuschieri in 199260,61,
the minimally invasive approach for these disorders has rapidly evolved. LNF for 

Figure 2 

Barium esophagram series of a patient with a type IV hiatal hernia. Note the ‘upside 

down’ confi guration of the stomach. 
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patients with refractory GERD has extensively been described and investigated in 
several high level studies44,48,62-64. Most of these studies demonstrate low morbidity 
rates and comparable short-term results to the conventional procedure. Overall, 
the effi cacy of LNF in controlling GERD is 85-90% at short term33,43. Dysphagia 
after LNF has been reported with variable incidence rates, ranging from 0-24%33,34.
Long-term objective results, however, are lacking. 
Laparoscopic large hernia repair is, in contrast to LNF, a relatively less explored 
surgical technique, probably related to the scarcity of these disorders. Several 
feasibility studies have been performed indicating that the approach is a 
practicable and attractive, but challenging, alternative to conventional surgery65-72.
Although unequivocal evidence regarding minimally invasive techniques for large 
HH is lacking, certain important surgical details are generally accepted. The 
herniated abdominal viscera have to be reduced from the thorax, the hernia sac 
has to be excised and a posterior cruroplasty has to be performed to repair the 
diaphragmatic defect73-75. Satisfactory results in terms of subjective improvement of 
general state of health and disease related complaints have been reported in
80-100% of patients after both conventional and minimally invasive large HH 
repair51.
Four points of controversy in the repair of large HH, however, remain in the 
current literature. It has been suggested that laparoscopic repair of these disorders 
is accompanied by a higher recurrence rate when compared to conventional 
surgery in up to 40% of patients76-78. Additionally, the necessity of performing a 
fundoplication as part of the basic repair has been argued, as well as the value of 
prosthetic reinforcement of the right crus54,55,79,80. Finally, the use of an esophageal 
lengthening procedure for possible shortened esophagus has been debated81.
Extensive experience in the surgical treatment of patients with large HH has been 
achieved in the University Medical Centre Utrecht. Therefore, this thesis will focus 
on the current concepts of this type of surgery with emphasis on minimally 
invasive techniques, recurrence rates after laparoscopic repair and the tailored 
addition of a Nissen fundoplication after large HH repair. 
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Robot-assistance in surgery of the
proximal digestive tract

With the initiation of laparoscopic techniques in general surgery, a signifi cant 
expansion of minimally invasive techniques has occurred during the last decade. 
More recently, robotic systems have moved into the surgeon’s armamentarium to 
address certain shortcomings of laparoscopic surgery82. This includes a signifi cant 
improvement in instrument dexterity, dampening of natural hand tremors, three-
dimensional visualisation, restoration of the natural eye-hand-working axis, 
ergonomics and camera stability83. As experience with robotic technology increased 
and its applications to advanced laparoscopic procedures have become more 
understood, more procedures have been performed with robotic assistance. 
Numerous studies have shown equivalent patient outcomes when robotic devices 
are used84. Initially, robotic-assisted laparoscopic cholecystectomy was deemed safe 
and now robotics has been shown to be safe in several foregut procedures, 
including Nissen fundoplication, Heller myotomy and Roux-en-Y gastric bypass85-87.
These techniques have been extrapolated to solid-organ procedures (splenectomy, 
adrenalectomy and pancreatic surgery) as well as robot-assisted laparoscopic 
colectomy. While advantages of robot-assisted surgery are described elaborately in 
a subjective manner, high level evidence of clinical benefi ts of robot-assisted 
endoscopic surgery remains scarce. In vitro studies and animal experiments on 
robotic surgery, however, have revealed more precise performance and faster 
learning of suturing and knot-tying tasks88.
The da Vinci™ robotic telemanipulation system (Intuitive Surgical, Goleta Ca., USA) 
was introduced in June 2000 in the University Medical Centre Utrecht. In fi gure 3-8 
the system, consisting of three components (console, surgical arm cart and 
accessories cart), are further illustrated and explained. Since then, more than 230 
robot-assisted endoscopic procedures have been performed, with a main focus on 
the proximal digestive tract. With growing experience, the subjective benefi ts of 
these systems were primarily found in procedures in small defi ned spaces as the 
gastroesophageal junction82. This thesis therefore also addresses the potential 
benefi ts of these technologically advanced systems in laparoscopic Nissen 
fundoplication and large hiatal hernia repair to explore the advantage for patients 
operated with robot-assistance for these indications. 
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Figure 3 

Overview of the dedicated endoscopic operating room in the University Medical Centre 

Utrecht. The da Vinci™ surgical robotic system is integrated in the room with the console 

positioned in the corner and the three-armed robotic cart located next to the operating 

table.
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Figure 4 

Console of the robotic system. The natural eye-hand-target axis is restored when 

working from behind this console as the two integrated manipulators are positioned in 

line with the display of the surgical fi eld. The surgical camera consists of two optical 

channels which are combined in the console to a 3-D view. The foot pedals are mainly 

preserved for positioning of the manipulators, camera and focus control and diathermy.
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Figure 5 

Accessories cart with monitor, insuffl ator, ultrasonic dissection generators, light sources, 

camera units and focus control and synchroniser. This cart is integrated in the dedicated 

endoscopic operating room with equipment for both standard and robot-assisted 

minimally invasive surgery.
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Figure 6 

Robotic arm cart, consisting of three arms: the camera arm in the middle and two 

instrument arms at both sides. All arms can be controlled by the surgeon from behind 

the console. 
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Figure 7 

Robotic trocars (diameter 8 mm) and instruments (needle driver and grasper). The da 

Vinci™ instruments provide two additional degrees of freedom at the tip of the 

instrument. In this picture a 30 degrees angled robotic scope is depicted which 

frequently is used for laparoscopic procedures in the upper abdomen. 
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Figure 8 

Overview of the set-up of the da Vinci™ robotic system and position of the patient 

during robot-assisted laparoscopic large HH repair. The patient is positioned in a 

reverse Trendelenburg position with the legs abducted.
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Aims and outline of this thesis 

This thesis aimed at exploring new techniques for the surgical treatment of benign 
disorders of the esophagus. Specifi cally, studies were performed on surgery for 
gastroesophageal refl ux disease and large HH. The chapters presented in this thesis 
involve studies that have been conducted to conclude on long-term durability and 
cost-effectiveness of laparoscopic Nissen fundoplication. Furthermore, the 
background and treatment of failed primary antirefl ux surgery for GERD in a large 
cohort series was studied and, fi nally, new surgical options for the repair of large 
HH were investigated with emphasis on the advantages of robot-assistance and the 
selective addition of an antirefl ux procedure. 

In Chapter 2 the long-term results of a randomised controlled trial on laparoscopic 
versus conventional Nissen fundoplication are presented. Patients were requested 
to undergo both subjective and objective long-term analysis to elucidate the 
durability of both open and laparoscopic Nissen fundoplication.

Chapter 3 describes a cost-effectiveness analysis of a randomised controlled trial 
comparing laparoscopic with conventional Nissen fundoplication (Manchet I) and 
a consecutive cohort study on 121 patients who underwent LNF (Manchet II). 

Chapter 4 is a randomised controlled trial on robot-assisted versus standard 
laparoscopic Nissen fundoplication for refractory GERD. This study was initiated 
with the purpose to investigate potential symptomatic and objective short-term 
differences between patients who underwent LNF by either one of the two 
minimally invasive techniques. 

Chapter 5 aimed at the cause of failure after primary antirefl ux surgery for refractory 
GERD and the results of redo surgery in patients who were operated upon in the 
University Medical Centre Utrecht during 1994 and 2005. 

Chapter 6 is a systematic literature review on large HH repair. The purpose of this 
study was to evaluate the evidence of minimally invasive techniques for these 
disorders in relation to HH recurrence and the necessity of antirefl ux 
fundoplications, prosthetic crural repair and esophageal lengthening procedures. 
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In Chapter 7 the concepts of robot-assistance in endoscopic surgery are explained. 
Also, potential benefi ts of robot-assisted surgery in large hiatal hernia repair are 
discussed.

Chapter 8 describes a prospective cohort study on patients with large HH who 
underwent robot-assisted laparoscopic repair of the diaphragmatic defect. The 
effectiveness of this surgical approach was analysed, both by perioperative and 
mid-term outcome parameters. The hypothesis that the use of robotic systems in 
large HH repair may result in lower recurrence rates after surgery was investigated 
with barium esophagram series at minimally one year follow-up. 

Chapter 9 comprises a pilot study on patients who underwent robot-assisted HH 
repair with selective addition of a Nissen fundoplication. Only patients with 
preoperatively demonstrated GERD underwent HH repair followed by Nissen 
fundoplication. Patients without GERD underwent HH repair solely. The purpose of 
this study was to decide upon the necessity of an antirefl ux fundoplication after 
HH repair, a subject of strong controversy in this type of surgery. 

Finally, in Chapter 10 the results of the studies presented in this thesis are summarised 
and discussed. 
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Abstract

Background
LNF is regarded as surgical treatment of fi rst choice for refractory gastroesophageal 
refl ux disease by many surgeons based on several short- and mid-term studies. 
The long-term effi cacy of Nissen fundoplication, however, is still questioned as 
objective data gathered from prospective studies are lacking. The purpose of this 
prospective study was to compare the subjective and objective outcome of laparo-
scopic (LNF) and conventional Nissen fundoplication (CNF) up to fi ve years after 
surgery as obtained in a multicentre randomised controlled trial.

Methods
From 1997 to 1999, 177 patients were randomised to undergo LNF or CNF. 
Five years after surgery all patients were requested to fi ll in questionnaires and to 
undergo esophageal manometry and 24-hr pH monitoring. 

Results
148 patients agreed to participate in the follow-up study, 79 patients after LNF 
and 69 after CNF. Of these, 97 patients (48 LNF, 49 CNF) consented to undergo 
esophageal manometry and 24-hr pH-metry. At 5 years follow-up, 20 patients had 
undergone reoperation, 12 after LNF (15%) and 8 after CNF (12%). There was no 
difference in subjective outcome, with overall satisfaction rates of 88% and 90% 
respectively. Total esophageal acid exposure times (pH < 4) were 2.1% ± 0.5 and 
2.0% ± 0.6 respectively (P= 0.21). Antisecretory medication was taken daily in 
14 and 16% (P= 0.29). There was no correlation between medication use and 
acid exposure and indices of symptom-refl ux association (symptom index and 
symptom association probability). No signifi cant differences between subjective 
and objective results at three to six months and results obtained at fi ve years after 
surgery were found. 

Conclusions
The effects of LNF and CNF on general state of health and objective refl ux control 
are sustained up to fi ve years after surgery and the long-term results of LNF and 
CNF are comparable. A substantial minority of patients in both groups had a 
second antirefl ux operation or took antisecretory drugs, although the use of those 
medications did not appear to be related to abnormal esophageal acid exposure. 
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Introduction

Laparoscopic Nissen fundoplication (LNF) has become the leading surgical 
treatment for refractory gastroesophageal refl ux disease (GERD). The reported 
subjective and objective short- and mid-term results are excellent and at least 
comparable to those of conventional Nissen fundoplication (CNF), while LNF is 
associated with reduced postoperative pain and shortened hospital stay and 
recovery period1-4. The combination of suffi cient effectiveness and reduced 
morbidity has resulted in an increase in referral of GERD patients for surgery. 
Whereas the long-term subjective results of LNF on refl ux symptoms and quality-
of-life seem to be as good as those published after CNF5-17, ambiguity still exists 
about the durability of LNF since long-term objective data obtained in prospective 
studies are lacking. Furthermore, a gradual increase in recurrent need for proton 
pump inhibitors, suggesting an increase in failure rate, still casts some doubt on 
the position of LNF as the defi nitive treatment for refractory GERD17-20.
In 1997 a multicentre randomised clinical trial was initiated in the Netherlands to 
compare the effectiveness of LNF with CNF in cohort of 200 patients2. The study 
was terminated after inclusion of 103 patients, because of signifi cantly more need 
for reintervention in the LNF group and its short-term results were published2.
After two years of symptomatic follow-up patients, the difference between both 
groups was no longer signifi cant. The purpose of the present study was to assess 
the long-term subjective and objective outcome of patients enrolled in the trial 
after a follow-up of more than fi ve years after fundoplication to elucidate long-
term objective outcome in a prospective study on both techniques. 

Patients and Methods

Study design and Participants
From 1997 to 1999, 177 patients were included in a multicentre randomised 
controlled trial to undergo Nissen fundoplication for refractory GERD in one of the 
participating tertiary centres (n= 98: LNF, n= 79: CNF). After three months 
follow-up in 103 patients, an interim-analysis was performed and the study was 
terminated because of an overrepresentation of complications necessitating surgical 
reintervention in the LNF group. In the time period needed for conducting and 
discussing the interim analysis, another 64 patients were randomised and 
operated. Six patients decided to withdraw from randomisation after publication 
of the results of the interim analysis. Another four patients were excluded because 
they had never been operated or randomised.
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All remaining 167 patients were prospectively followed for evaluation of the 
outcome of surgery. After fi ve years, eight patients were lost to follow-up, four had 
died (cause not related to their refl ux disease) and four had emigrated during the 
follow-up period. Thus, a total of 151 patients were available for long-term  follow-
up. In fi gure 1 the CONSORT analysis is described in detail21. All patients were 
asked to complete a questionnaire on general quality-of-life, overall judgment and 
quality-of-life by a direct rating scale and to undergo esophageal stationary 
manometry and 24-hr pH monitoring. Esophageal manometry and pH monitoring 
were conducted in the University Medical Centre Utrecht, except for eleven 
patients who underwent these tests in one of the other participating university 
centres in the Netherlands. 

Surgical procedures
All primary operations were performed between January 1997 and August 1999. 
Both in the conventional and in the laparoscopic group, a fl oppy 360° Nissen 
fundoplication of 2.5 – 3 cm was constructed after full esophageal mobilisation 
and posterior crural repair. Short gastric vessels were ligated and divided in all 
patients. Open surgery was performed through a standard upper midline incision. 

Subjective symptomatic outcome
Long-term symptomatic outcome was determined using a general health question-
naire and the participant’s global appraisal of general state of health was measured 
on a 10-cm visual analogue scale (VAS). The change in quality-of-life was com-
pared with baseline, measured on a four-point scale that ranges from “resolved” to 
“worsened”. Furthermore, the self-rated change in refl ux symptoms as compared 
to the preoperative state and satisfaction with overall outcome was determined.

Esophageal manometry
Medication that could affect esophageal motility was stopped at least 48 hours in 
advance. Manometry was performed using a water-perfused system with a 
multiple-lumen catheter with an incorporated sleeve sensor (Dentsleeve Pty Ltd, 
Adelaide, Australia). A pneumohydraulic pump (Dentsleeve Pty Ltd, Adelaide, 
Australia) was used for perfusion with distilled water at a rate of 0.5 ml/min. 
The catheter was introduced transnasally into the stomach. Then, the catheter was 
retracted to determine the distal and proximal margin of the lower esophageal 
sphincter (LES) and to position the sleeve sensor at the level of the LES. Intralumi-
nal esophageal pressures were recorded at 5, 10 and 15 cm above the upper 
margin of the LES. A side-hole 2 cm distal to the distal border of the sleeve sensor 
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Manchet I trial
177 patients randomised

n= 4 never operated
n= 6 withdrawn

n= 16 lost to follow-up
n= 8 lost
n= 4 died
n= 4 emigrated

n= 167 operated

n= 151 eligible for 
follow-up

n= 97 included in 
long-term follow-up

n= 51 included in
subjective follow-up only

n= 49 with open 
Nissen

fundoplication

n= 48 with 
laparoscopic Nissen 

fundoplication

n= 20 with open 
Nissen

fundoplication

n= 31 with 
laparoscopic Nissen 

fundoplication

n= 3 refused all 
follow-up

Figure 1

Study profi le
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registered gastric pressure. The manometric response to 10 standardised wet 
swallows (5-ml water bolus) was recorded. The mean end-expiratory LES pressure 
and residual pressure of the LES during relaxation were determined over a period 
of 10 minutes. Herein, the end-expiratory gastric baseline pressure served as the 
zero reference point. The LES relaxation was judged to be normal if it exceeded 
90% or if a residual pressure of less than 1.4 kPa (10.5 mmHg) was measured. 
Mean amplitude and duration of the esophageal contractions in response to the 
wet swallows were determined for the proximal (15 cm above the LES),
mid (10 cm) and distal esophagus (5 cm above LES). 

24-hr pH monitoring
All studies were performed after suspending all medication including proton pump 
inhibitors (PPIs) that could affect results for at least three days before pH-metry. 
PPIs were stopped seven days before the 24-hr pH monitoring. Intraluminal 
esophageal pH was measured using a pH glass electrode (model LOT440, Medical 
Instruments Corporation, Solothurn, Switzerland) connected to a digital data logger 
(Medical Measurements Systems BV, Enschede, the Netherlands) using a sample 
frequency of one Hz. The catheter was introduced transnasally into the esophagus 
and was positioned fi ve cm above the manometrically determined proximal 
margin of the LES. Patients were asked to register their refl ux symptoms by 
pressing a button on the data logger as well by recording them in a diary. The 
phases of supine and upright position during the 24 hours were also recorded. 
Refl ux parameters were calculated using a dedicated analysis program (MMS, 
Enschede, The Netherlands). 
The percentages of total time with esophageal pH < 4 and time in supine and 
upright position with pH < 4 were calculated. Next, the total number of symptom 
episodes, the symptom index (SI), expressing the percentage of symptom episodes 
related to refl ux (pH < 4), as well as the symptom-association probability (SAP), 
indicating the possible association between symptoms and refl ux, were 
calculated22,23. Symptoms were defi ned as refl ux-related, if the SI was higher than 
50%. The SAP was considered to be positive when it was higher than 95%. 
Pathological refl ux was defi ned as the percentage of time with pH below 4 for 
total time > 5.78%, upright time > 8.15% and supine time > 3.45%24.

Statistical analysis
All statistical analyses were performed using SPSS version 12.0.1 (SPSS Inc., 
Chicago, Illinois, USA). Values are expressed as mean ± SEM. The two-tailed 
Mann-Whitney U test was used to determine the signifi cance of differences 
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between non-parametric data and unpaired the Student’s t-test was used to 
determine the signifi cance of differences between data for which it was reasonable 
to assume a normal distribution. We compared groups with the χ2 test for nominal 
variables. The Spearman coeffi cient was used to determine correlations between 
groups. Differences were considered statistically signifi cant with a P value less than 
0.05.

Results

Overall responses and completeness of follow-up
Three patients refused both subjective and objective follow-up. A total of 148 
patients consented with long-term subjective follow-up (fi gure 1). Mean time to 
follow-up was 65.7 (1.8) months after LNF and 63.3 (1.7) months after CNF. 
Baseline characteristics were comparable for both groups (table 1). Conversion to 
an open procedure was required in six patients (7.6%). These patients were 
maintained in the LNF group, also according to the intention-to-treat principle. 
Out of the 148 patients, 97 (65.5%) agreed to undergo esophageal manometry 
and 24-hr pH monitoring (48 LNF, 49 CNF). Informed consent for objective 
evaluation was given by all participating patients. 

Subjective symptomatic outcome
Subjective assessment of symptoms, global satisfaction and quality-of-life were the 
three principal measures of symptomatic outcome in this study. In table 2 the 
results of subjective outcome are shown with the results of reoperated patients 
presented separately. No differences in quality-of-life could be detected, neither 
for VAS scores nor for symptom assessments. Satisfaction with the outcome of 
surgery was achieved in 87.3% of patients after LNF and 89.9% after CNF 
(P= 0.32). A total of 74 patients scored their refl ux symptoms as cured or 
improved after LNF (94.9%) and 61 patients after CNF (88.4%) (P= 0.12). 
All patients after LNF and all but one after CNF would have chosen surgery again 
in retrospect. This is consistent with the data in table 2 and 3 showing that failures 
all opted for reoperation with successful symptomatic outcome in 80% of patients. 
Of the 51 patients who refused objective follow-up, 46 (90.2%) were satisfi ed 
with the operative results. Five patients with symptoms needed antisecretory drugs 
on a regular basis. 
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Table 1 

Characteristics of patients at fi ve years after surgery according to treatment group

Laparoscopy Conventional

Patients (n)

Age (years)*

Male / female sex

Body Mass Index (BMI)*

Conversion rate

Follow-up interval (months)*

Surgical reintervention (n)**

Medication (n)

  - Proton pump inhibitors

  - H2 antagonists

  - Prokinetics

79

43.8 (1.5)

43 / 36

26.0 (0.5)

6 (7.6%)

65.7 (1.8)

12 (15.2%)

11 (13.9%)

9

0

4

69

43.1 (1.3)

45 / 24

26.8 (0.4)

63.3 (1.7)

8 (11.6%)

11 (15.9%)

11

1

0

* Values are given as mean (SEM)
** Including one patient with cicatricial hernia correction
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Table 2 

Subjective outcome after LNF and CNF at fi ve years after surgery 

Laparoscopy

n= 79

Conventional

n= 69

Redo surgery

n= 20#

General quality-of-life (VAS score 0-100)*

Increase in general quality-of-life

(% of preoperative)

Self-rated change in refl ux symptoms as 

compared to preoperative state

  - Resolved (n)

  - Improved (n)

  - Unchanged (n)

  - Worsened (n)

Satisfi ed with outcome (n, %)

67.1 (2.8)

27.3%

39

36

3

1

69 (87.3%)

60.5 (3.2) 

28.6%

31

30

3

5

62 (89.9%)

63.3 (7.0)

41.9%

7

11

2

0

16 (80%)

* Values are given as mean (SEM)
#  Comprising reoperations after LNF (n= 12) and CNF (n= 8)
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Table 3 

Surgical reintervention after LNF and CNF

Indication for reintervention (n) Laparoscopy

(n= 12)

Laparotomy

(n= 8)

Persistent dysphagia (>3 months)

Recurrent GERD

Recurrent GERD & dysphagia

Intrathoracical herniation

Cicatricial hernia

6

2

2

1

1

2

3

2

1

0

Months to reintervention after surgery (n)

< 3 months

3-6 months

6-9 months

9-12 months

> 12 months

3

5

1

1

2

1

0

0

1

6

Reoperation (n)

Re-Nissen

Belsey Mark IV

Correction cicatricial hernia 

8

3

1

6

2

0
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Esophageal manometry and 24-hr pH monitoring
Results of operation on esophageal manometry are shown in table 4. The LES 
pressure increased signifi cantly, from 1.1 kPa (0.1) to 1.8 (0.1) kPa at three to six 
months after LNF (P= 0.001). This effect was sustained at fi ve years after surgery 
with a mean LES pressure of 1.7 (0.2) kPa. In the CNF group preoperative LES 
pressure was 1.1 (0.1) kPa which increased signifi cantly after surgery (P= 0.000). 
No signifi cant difference between short- and long-term postoperative results could 
be detected. Mean distal esophageal amplitudes did not change noticeably in time 
up to fi ve years after surgery in both groups. 

Table 4 

Preoperative and postoperative results of esophageal manometry for patients 

with LNF and CNF 

Pre-

operative

3-6 months 

after surgery

5 years 

after surgery

LNF (n= 48)

End-expiratory LES pressure (kPa)

Distal esophageal amplitude (kPa)

1.1 (0.1)

10.3 (2.3)

1.8 (0.1)*

9.5 (1.0)

1.7 (0.2)

10.3 (0.9)

CNF (n= 49)

End-expiratory LES pressure (kPa)

Distal esophageal amplitude (kPa)

1.1 (0.1)

9.2 (0.8)

1.6 (0.1)*

10.0 (1.0)

1.5 (0.2)

10.9 (0.7)

* P< 0.05 when compared to preoperative results
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Total esophageal acid exposure (% of time with pH < 4) was reduced from 10.5 
(1.3) to 2.2 (0.6) after LNF (P= 0.000) and from 11.1 (1.2) to 1.8 (0.6) after CNF 
(P= 0.000). For both groups, these results were sustained up to fi ve years after 
surgery without signifi cant changes in upright, supine or total esophageal acid 
exposure. Five years after surgery, pathological total acid exposure was found in six 
patients (12.5%) after LNF and in two after CNF (4.1%). Of these patients, only 
two had a SAP of more than 95% after LNF and two after CNF. Two patients with 
pathological total acid exposure, one in each group, were using antisecretory 
drugs. In fi gure 2 and 3 the durability of the antirefl ux effect after CNF and LNF is 
depicted.

Figure 2 

Mean preoperative, 3 to 6 months postoperative and 5 years postoperative upright, 

supine and total acid exposure for LNF 

%
 E

so
ph

ag
ea

l r
ef

lu
x 

tim
e 

(m
ea

n
+
/ -

 S
EM

)

Before 3 months 5 years
0

4

8

12

16

20

Upright acid exposure

Total acid exposure

Supine acid exposure

LNF (n= 48)



chapter 2

47

Relationship between symptoms and acid exposure
Surgery not only reduced esophageal acid exposure, but also the number of 
symptoms during the 24-hr pH metry and symptom association probability score 
(SAP) and symptom index (SI) (table 5). Both the SI and SAP scores were low at 
fi ve years after surgery with 11.9 (4.3) after CNF and 11.0 (4.1) after LNF for the 
SI (P= 0.85) and 17.2 (5.6) and 17.1 (5.9) for the SAP score respectively (P= 
0.97). Overall, antisecretory agents and/or prokinetics were taken by 11 patients 
after LNF (13.9%) and by 11 (15.9%) after CNF. Total esophageal acid exposure in 
these patients was 2.6 (1.5) after LNF and 2.2 (1.1) after CNF (P=0.23). Also, the 
mean SAP in these patients did not differ signifi cantly with 39.8 (15.8) after LNF 
and 34.2 (16.8) after CNF. For both groups no signifi cant correlation could be 
found between antisecretory drug use and total acid exposure (rs= 0.21 and 
rs= 0.24) and between daily medication use and symptom indices, SI (rs= 0.10 
and rs= 0.22 respectively) and SAP (rs= 0.41 and rs= 0.19), indicating an absence 
of correlation between the use of PPIs and documented refl ux symptoms. 
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Table 5 

Preoperative and postoperative results of 24-hr pH monitoring for patients 

with LNF and CNF

Pre-

operative

3-6 months 

after surgery

5 years 

after surgery

LNF (n= 48)

Number of refl ux symptoms reported 

during 24-hr pH monitoring*

Symptom Index (SI)*

  - SI >50% (n)

Symptom Association Probability (SAP)*

  - SAP >95% (n)

9.6 (2.3)

60.9 6.6)

22

78.9 (7.1)

23

3.7 (1.3)**

12.0 (5.8)**

4**

16.7 (6.7)**

2**

2.3 (0.8)

11.0 (4.1)

3

17.1 (5.9)

3

CNF (n= 49)

Number of refl ux symptoms reported 

during 24-hr pH monitoring*

Symptom Index (SI)*

  - SI >50% (n)

Symptom Association Probability (SAP)*

  - SAP >95% (n)

8.6 (1.2)

65.7 (4.9)

29

91.1 (3.7)

28

1.9 (0.6)**

6.0 (3.5)**

3**

10.2 (4.9)**

2**

1.4 (0.4

11.9 (4.3)

4

17.2 (5.6)

3

* Values are given as mean (SEM)
** P< 0.05 when compared to preoperative results
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Redo surgery
All patients scored as failure were reoperated, after dilatation and medical treat-
ment had proven unsuccessful for dysphagia and recurrent GERD respectively. 
The indication and details of the procedure are presented in table 3. Twenty 
patients had undergone reoperation in the follow-up period, 12 after LNF (15.1%) 
and 8 after CNF (11.6%). According to the intention-to-treat principle, these 
patients were analysed in their original group. Subjective and objective data for 
the reoperated patients who participated in the objective follow-up are shown in 
table 2 and 6. Of the twelve patients needing surgical reintervention after LNF, one 
patient required two corrections of a cicatricial hernia. Two other patients of these 
twelve needed a second reintervention for refl ux control. Reintervention for 
persistent dysphagia was needed in six patients (6/79, 7.8%) after LNF. 
The majority of patients needing reoperation after LNF were treated within six 
months after the primary procedure. In fi gure 4, a life-table analysis of the relation 
between the duration of follow-up and the probability of needing surgical reinter-
vention for dysphagia or recurrent refl ux after both LNF and CNF is depicted. 
After reoperation, results of esophageal manometry and 24-hour pH-metry were 
similar to those after primary LNF or CNF (table 6). 

Figure 4

Time curve of percentage of patients free from reintervention for recurrent GERD after 

CNF and LNF
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Table 6 

Postoperative long-term results after surgical reintervention of patients participating 

in objective follow-up (n= 12) 

Results

Esophageal manometry

End-expiratory LES pressure (kPa)*

Distal esophageal amplitude (kPa)*

1.4 (0.4)

9.5 (0.9)

24-hr pH monitoring

Upright 24-hr acid exposure (% pH<4)*

Supine 24-hr acid exposure (% pH<4)*

Total 24-hr acid exposure (% pH<4)*

Number of refl ux symptoms reported during

24-hr pH monitoring*

Symptom Index (%)*

  - SI >50% (n)

Symptom Association Probability (%)*

  - SAP >95% (n)

2.8 (2.6)

2.2 (1.1)

2.0 (1.0)

2.0 (1.0)

7.7 (6.1)

1

15.0 (10.2)

1

* Values are given as mean (SEM)
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Discussion

In this prospective randomised study with a follow-up up of at least fi ve years, 
we found no difference between the long-term subjective and objective results of 
laparoscopic and conventional Nissen fundoplication for refractory gastroesopha-
geal refl ux disease. This is the follow-up evaluation of the randomised controlled 
trial that was terminated prematurely and published in 2000. The interim analysis 
covered the results obtained in the initial 103 patients including three months of 
follow-up. About ten months were needed for full subjective and objective 
evaluation on this cohort, discussing the results with the monitoring committee 
and with the national Antirefl ux Surgery Study Group. During this ten months 
period, an additional 74 patients were included and most of them  operated. When 
the conclusion to stop the trial was drawn, the remaining patients were informed 
about this decision and most of them were compliant to their initial 
randomisation. This explains for the 177 patients available for long-term follow-
up. This study is the fi rst to show objective long-term results in a representative 
percentage of patients. Prior to surgery, all patients were informed that the follow-
up time would be at least fi ve years to which most of them complied. This under-
lines that in a small country like the Netherlands, compliance to follow-up appears 
to be high.
In the discussion about the medical or surgical treatment of GERD, surgeons have 
so far not convincingly demonstrated long-term effective refl ux control. Open 
Nissen fundoplication maintains about 90% subjective effi cacy in the long term12.
Several randomised trials comparing LNF with CNF have been published with 
similar subjective and objective short-term outcome with regard to refl ux control 
and morbidity1,4,25-27. Quality-of-life studies after antirefl ux surgery, mainly from 
Scandinavia, have shown lasting satisfaction in a subset of the patients 
operated14,16. Follow-up in these studies, however, often was incomplete and 
objective data are lacking. 
This study demonstrates that satisfactory subjective and objective refl ux control 
was obtained in a high proportion of patients. Furthermore, overall patient 
satisfaction appeared to be high in successful primary cases but low in reoperated 
patients despite adequate refl ux control. Lasting refl ux control was attained after 
both LNF and CNF. Since the majority of the 51 patients who refused participation 
in objective long-term follow-up evaluation were asymptomatic, these patients are 
not likely to introduce bias in the results presented taking into account that 
participation in objective evaluation was requested after collection of the subjec-
tive questionnaires.  
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Other authors have shown long-term success of laparoscopic antirefl ux surgery but 
this was mainly based on quantitative symptom questionnaires. Dassinger et al. 
subjectively concluded that LNF is an effective long-term treatment for GERD, 
based on the subjective outcome in 52 patients with a mean follow-up of 5.1 
years28. Kamolz et al. found in 169 patients that both Nissen and Toupet 
laparoscopic fundoplication signifi cantly improved patients’ quality-of-life during 
fi ve years after surgery9. Scores for both groups were almost equal and patient 
satisfaction with surgical treatment was high (97.9%). Alternatively, it has been 
suggested that patients after LNF have a slowly increasing need for antisecretory 
drugs suggesting a slow increase in failure rate17,20. In this study we have 
demonstrated that the effects of LNF and CNF on symptoms and general state of 
health are similar, that they do not change with time and that they are sustained 
up to fi ve years after surgery. 
The absence of a correlation between daily use of antisecretory drugs and 
esophageal acid exposure in patients taking PPIs or H2-receptor antagonists 
observed in the present study underlines the diffi culty to adequately interpret the 
patient’s symptoms as induced by refl ux. Symptoms, perceived as recurrent or 
persisting refl ux during pH-metry at fi ve years, were not correlated to an acid 
refl ux episode and it could not be clarifi ed whether these symptoms apparently 
needing medical treatment were present already before surgery or whether they 
should be ascribed to alterations in gastroesophageal physiology as a result of 
fundoplication30-32.
These data are in support of earlier reports showing absence of a relationship 
between refl ux-related symptoms and esophageal acid exposure after both medical 
and surgical treatment of GERD19. In a recent study by Jenkinson et al., it was 
demonstrated that the symptomatic response to treatment of GERD is a poor 
denominator in evaluating the effi cacy of treatment, if objective normalisation of 
esophageal acid exposure is the aim of treatment29. They conclude that a high 
proportion of patients whose symptoms are improved by PPIs still have 
pathological levels of acid refl ux and, conversely, most patients who complain of 
refl ux symptoms after antirefl ux surgery have no evidence of persistent excessive 
refl ux on 24-hr pH monitoring. 
Recurrent refl ux has been reported in 7 to 10% and dysphagia in 6 to 14% after 
Nissen fundoplication33. The reported rate of reoperation after laparoscopic 
antirefl ux surgery varies from 2% to 10%34,35. In this series, the reoperation rate is 
high with 13.5% of patients needing surgical reintervention for recurrent 
symptoms. The majority of these reoperations were needed in the fi rst two years 
after surgery and in the LNF group most of these were needed for troublesome 
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dysphagia. This could not be ascribed to differences in surgical technique as in this 
trial the surgical procedure was standardised and prescribed division of the short 
gastric vessels in each patient. In retrospect, the high percentage of dysphagia is 
most likely due to the fact that the learning curve turned out to be longer than 
initially calculated36-38. The exact length of the learning curve in LNF, which is hard 
to defi ne due to the diversity of outcome measures reported in the literature, 
amounts to 30 procedures based on failure and reoperation rates comparable with 
those obtained after CNF38. In our opinion, this is almost inevitable in a pragmatic 
surgical trial, if one starts too early, the learning curve may not have been 
completed yet and if one chooses to await the completion of the learning curve, 
a randomised trial is no longer needed. In other words, we do not regret to have 
stopped the trial, because the arguments were undeniable and continuation would 
have been unethical. With this fi ve year follow-up evaluation however, we come 
very close to the information we would have been able to collect if 200 patients 
would have been randomised and treated.

In conclusion, in this study it is demonstrated that the favourable effects of both 
LNF and CNF on symptoms, general well being and esophageal acid exposure are 
sustained for up to fi ve years after surgery. Furthermore, the long-term effects of 
LNF and CNF are comparable. The prescription of antisecretory drugs after 
antirefl ux surgery appeared not to be based on documented excessive esophageal 
acid exposure.  
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Abstract

Background
Laparoscopic Nissen fundoplication (LNF) has essentially replaced its conventional 
open counterpart (CNF). An economic evaluation of LNF compared with CNF 
based on prospective data with adequate follow-up is lacking. 

Methods
Data from two consecutive studies (a randomised controlled trial of 57 patients 
undergoing LNF and 46 undergoing CNF that was terminated prematurely, plus a 
follow-up study of 121 consecutive patients with LNF) were combined to 
determine incremental cost-effectiveness one year after surgery. 

Results
Mean operating time, reoperation rate and hospital costs of LNF were lower in the 
second series. The mean overall hospital cost per patient was € 9126 for LNF and 
€ 6989 for CNF at one year in the initial RCT, and € 7782 in the second LNF series. 
The success rate of both LNF and CNF at one year was 91% in the RCT, and LNF 
was successful in 90.1% in the second series. A cost reduction of € 998 for LNF 
would cancel out the cost advantage of CNF. Similarly, if the reoperation rate after 
LNF decreased from 0.05 to below 0.008 and/or if the mean duration of sick leave 
after LNF was reduced from 67.2 to below 61.1 days, the procedure would 
become less expensive than CNF. Complications, reoperation rate and quality-of-
life after both operations were similar.

Conclusion
Including reinterventions, the outcome at one year after LNF and CNF was similar. 
In a well-organised setting with appropriate expertise, the cost advantage of CNF 
may be neutralised. 
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Introduction

Laparoscopic Nissen fundoplication (LNF) is the leading surgical treatment for 
gastroesophageal refl ux disease (GERD)1–3. Several authors have claimed that the 
laparoscopic procedure is as effective as conventional Nissen fundoplication (CNF), 
but with less morbidity, shorter hospital stay and earlier return to work4–9. These 
benefi ts need to be balanced against longer operating times and more expensive 
equipment (reusable and disposable) involved in laparoscopic surgery.
Proper economic evaluation should be part of the process of implementing new 
techniques and making fi nal decisions about the standard of treatment10. Attempts 
have been made to assess the costs of LNF11–15, although analysis of actual costs for 
LNF in randomised controlled studies with adequate follow-up is lacking. Most 
studies have reported short-term cost analyses with no clear defi nition of how costs 
were calculated, compromising the generality of such results11-15.
In 2000, the results of a prematurely terminated randomised clinical trial (RCT) of 
LNF versus CNF were published16. It was decided to follow this population after 
the trial had ended and conduct a consecutive cohort study on at least 100 
patients with GERD who were refractory to proton pump inhibitor treatment. The 
aims of the study were to see if the results obtained in the randomised trial could 
be improved upon and to carry out an economic analysis. This study contains an 
analysis of costs and cost-effectiveness, based on the RCT and the consecutive 
prospective cohort study, at one year follow-up.

Patients and Methods

In January 1997, a multicentre RCT (Manchet I) comparing LNF with CNF was 
initiated in the Netherlands. The background, design and results have been 
reported previously16. At the time of the planned interim analysis, 103 patients 
had been randomised and operated upon with a minimum follow-up of three 
months. Fifty-seven patients underwent laparoscopic and 46 open 360º 
fundoplication. At the time of the interim analysis, 11 patients in the laparoscopic 
group and one in the conventional group had reached a primary endpoint 
(dysphagia, recurrent GERD, intrathoracic hernia). In particular, there was a 
signifi cant difference in the incidence of severe dysphagia (seven patients in the 
LNF group and none in the CNF group; P= 0.016). The inclusion of new patients 
was stopped because it was felt that the poor early results of LNF no longer 
warranted a randomised comparison. The follow-up of patients already included 
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was, however, continued to determine long-term outcome. In addition, a 
consecutive cohort study on LNF was initiated (Manchet II) to investigate the 
effects of operator experience on the incidence of postoperative dysphagia and 
recurrent refl ux. This study included 121 patients who underwent LNF performed 
by the same surgeons as in the RCT. Indications for surgery, technique, patient 
management and data analysis were similar to those in the RCT, such that the 
effect of experience was the only new variable. All procedures were performed in 
one of the six participating hospitals by two surgeons, with a minimum 
requirement of one local surgeon and one visiting surgeon involved in the overall 
study. Resource use over the year after the initial operation was determined for the 
103 patients in the initial RCT and the 121 patients in the cohort study. Aiming at 
complete follow-up of at least 100 patients, 121 patients were included in the 
latter study, allowing for a drop-out rate of about 20%. In fi gure 1, the inclusion 
of the two studies is summarised. 

Study design
All analyses were based on an intention-to-treat principle. A decision analysis 
model was developed to compare the balance between costs and effects in the 
RCT for CNF with the results obtained in the consecutive cohort study on LNF 
(fi gure 2). In this way, the effect of several variables on the costs of LNF and CNF 
strategies were evaluated. A time frame of one year was chosen, on the basis that 
80% of recurrences of GERD occur during the fi rst year after surgery17. The study 
was performed from a societal perspective, and included costs of hospital 
treatment and productivity loss. 

Manchet I trial16

103 randomised patients in 
interim analysis

Manchet II cohort study
121 consecutive patients 

included

n= 46 with
open Nissen 

fundoplication

n= 57 with 
laparoscopic Nissen 

fundoplication

n= 121 with 
laparoscopic Nissen 

fundoplication

Figure 1

Flow chart of patients involved in the present cost-effectiveness study
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Outcome parameters and defi nition of effectiveness
Data on refl ux control, patient satisfaction and quality-of-life were obtained by 
completion of a questionnaire before and three, six, nine and 12 months after 
surgery. Incomplete questionnaires were returned for completion and, if data were 
still missing, the forms were completed by telephone interview. Effectiveness was 
expressed as a successful or failed procedure, determined by the patient’s opinion 
after 12 months. Patients were asked whether they felt that their refl ux disease was 
cured, improved (no need for acid suppressing medication), unchanged or worse. 
Based on this clinical outcome, operations were divided into successful (refl ux 
symptoms cured or improved) or failed (symptoms unchanged or deteriorated) in 
the decision analysis. Utilities were estimated with a visual analogue scale (VAS) 
that ranged from zero to 100. Utility measures are preference-based measures 
of health-related quality-of-life which can be used in economic evaluations. 
Generally, these measures evaluate subjective preferences for multi-dimensional 
health related quality-of-life on a scale of zero to 100, where zero represents worst 
possible health and 100 represents perfect health. Values for successful or failed 
outcome, determined at one year, were calculated for patients in six groups
(LNF – successful, LNF – failed, CNF – successful, CNF – failed in the RCT and LNF-
successful and LNF-failed in the cohort study) and presented graphically. Quality-
adjusted life years (QALYs) were estimated by calculating the area under the curve. 
A general quality-of-life questionnaire (Short Form 20) was also completed before 
and at 12 months after operation. In this questionnaire, 20 questions represent six 
dimensions of quality-of-life: physical functioning, role function, social function, 
mental health, general health and bodily pain perception. On each scale zero 
represents the worst score and 100 the best, except for bodily pain perception, 
where zero represents no pain and 100 severe pain.

Description of the model
DATA 3.5™ (TreeAge Software, Boston, Massachusetts, USA) was used to perform 
decision analysis (fi gure 2). After the initial operation, patients were divided 
in three categories, based on the occurrence of complications within the fi rst 
year after surgery: no complications, complications leading to reoperation and 
complications leading to non-surgical treatment. After treatment for complications, 
patients were subdivided into successful or failed outcome based on the clinical 
outcome at 12 months. Probabilities used in the model were based on the actual 
number of events observed in the clinical studies. The model was driven by the 
clinical outcome at one year. Costs and benefi ts both pertain to one year, so no 
discount rate was applied. 
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Description of measurements of resources
All resource use was recorded prospectively and completed with review of medical 
records. Variables scored for each patient included preoperative investigation (visits 
to the outpatient clinic, diagnostic tests related to GERD and routine preoperative 
screening), in-hospital resources (operating time, hospital stay and in-hospital 
complications) and postoperative follow-up (complications after discharge, re-
interventions, follow-up visits and diagnostic tests). Additional diagnostic tests 
or procedures, type and amount of medication, and time to return to work were 
documented.

Calculation of costs
All 103 patients from the RCT and 121 patients from the cohort study were 
included in the cost analysis. Calculation of unit costs was based on data from the 
University Medical Centre Utrecht in 2004 and was considered representative of all 

mortality

conv. Nissen 
fundoplication complications needing reoperation

complications non-surg. treatment

no complications

complications needing reoperation

complications non-surg. treatment

no complications

lap. Nissen 
fundoplication

GERD

hospitalisation

reoperation

reoperation

failed

success

success

success

success

failed

failed

failed

failed

success

success

failed

mortality

hospitalisation

Figure 2

Decision analysis model outlining the course in the fi rst year after laparoscopic or 

conventional Nissen fundoplication for gastroesophageal refl ux disease
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other participating centres. Costs of nursing and medical personnel involved were 
based on the duration of the procedure. Costs of materials and anaesthesia were 
based on average consumption. Depreciation and interest costs of equipment were 
calculated, distinguishing between specifi c laparoscopic instruments and 
instruments routinely used in laparotomy. A minimum package consisting of fi ve 
trocars (Versaport™), a dissecting instrument (EndoPeanut™), a liver retractor 
(EndoPaddle™) and a roticulating Endograsper™ or EndoBabcock™ (€ 1603 in the RCT, 
€ 1303 in the cohort study) was used in the model (Tyco Healthcare, Zaltbommel, 
the Netherlands). In the later study, the Endograsper™ and EndoBabcock™ were no 
longer used routinely. The costs of medical staff, administration and management, 
costs of other hospital departments (cleaning, maintenance, services), housing and 
general overheads were also incorporated. Costs per day in hospital, hours of 
recovery and outpatient visits were calculated based on the yearly cost data per 
department. The costs of other diagnostic or therapeutic procedures were supplied 
by the local fi nance department. If no cost information was available, charges were 
used as a proxy for real costs. Average retail prices for medication in the 
Netherlands were used with the pharmacist’s fee18. Costs for productivity losses 
were based on the friction cost method19 estimating the production loss over time, 
by assuming that loss in production will be restricted to a period needed for the 
company to adapt to the situation changed because of the patient’s absence (the 
friction period). Sex- and age-dependent friction costs are available for the 
Netherlands20. This friction period was 123 days in 2003–2004, implying that 
absence of work beyond 123 days would not lead to further productivity losses. 
All costs were calculated in euros. 

Cost-effectiveness and incremental cost-effectiveness
Costs per QALY gained and per additional patient with successful outcome were 
estimated at one year. The incremental cost–utility ratio was estimated by dividing 
the difference in expected costs by the difference in expected QALYs and likewise 
by the difference in number of successfully operated patients. 

Sensitivity analysis
Multiple one-way sensitivity analyses were performed to determine whether 
outcome was affected by variability in the parameters used in the model. In 
particular, values for variables known to differ from estimates of previous studies 
were subjected to sensitivity analyses. Operating time, laparoscopic disposable 
materials, hospital stay, total costs of operation, return to work after laparoscopy 
(sick leave time) and reoperation rate were tested in one-way sensitivity analyses. 
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Data from other studies comparing CNF with LNF were used as high or low 
estimates and the present data as opposing estimates, thus refl ecting the range for 
the one-way sensitivity analyses. Two-way sensitivity analyses were performed with 
a combination of two of the following variables: total cost of operation, duration 
of sick leave and reoperation rate. 

Statistical analysis 
Student’s t test was used for comparison of results with normal distribution. The 
Mann–Whitney U test was used for comparison of skewed data. The signifi cance 
level was set at P < 0.05. 

Results

Resource use was recorded for 57 patients who had LNF and 46 who had CNF in 
the RCT (Manchet I), and for 121 who had LNF in the following cohort study 
(Manchet II). Indication for operation and baseline characteristics were comparable 
(table 1). One patient in the RCT was lost to follow-up at 12 months, but was free 
of symptoms at six months. It was assumed this patient would also have been free 
of symptoms at one year and so no extra costs after the fi rst six months were taken 
into account. Detailed results of the interim analysis of the RCT have been reported 
elsewhere16.

General outcome
Clinical outcome, complications after discharge and reoperations are summarised 
in table 2. Five patients in the RCT and four in the consecutive follow-up study 
were converted to open surgery. These patients were analysed in there original 
group. Probabilities of events used in the decision tree are shown in table 3. At 
one year after surgery, the outcome was successful in 52 (91.2%) of 57 patients 
after LNF and 42 (91.3%) of 46 after CNF in the RCT (difference 0.1%, 95% CI 
0.80-0.97) (table 2). In the cohort study on LNF, a successful outcome was noted 
in 109 (90.1%) of 121 patients (difference with LNF in the RCT 1.1%, 95% CI 
0.79-0.98).
Reasons for failure of LNF in the RCT (fi ve patients) were: persistent dysphagia 
after reoperation for an intrathoracic herniation of the wrap (one patient), 
persistent refl ux symptoms and pathological refl ux on 24-h pH monitoring after 
reoperation for recurrent GERD (one), recurrent GERD with dysphagia (one), severe 
epigastric pain awaiting reoperation (one) and a fi nal patient who did not have 
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Table 1

Patient characteristics at baseline

Characteristics
Manchet I

Laparoscopy
Manchet I

Laparotomy
Manchet II

Laparoscopy

Patients (n)
Age (years)*

Male / female sex
Weight (kg)*

Height (cm)*

57
40.5 (12.8)

36/21
80.3 (15.5)
176 (11.5)

46
42.5 (10.9)

34/12
81.1 (12.7)
176 (9.7)

121
41.0 (11.1)

78/43
79.5 (14.6)
174 (14.5)

Clinical presentation

Heartburn (n)
Regurgitation (n)
Duration of symptoms
   (years)*

53
20

4.1 (4.7)

42
21

3.5 (4.5)

98
47

7.0 (8.7)

Indication for operation

Insuffi cient response to
  medical treatment (n)
Medication stopped because
   of adverse effects (n)
Unwilling to take lifelong
   medication (n)

46

6

5

40

1

5

81

7

33

Short Form 20

Physical functioning
Role function
Social function
Mental health
General health
Bodily pain perception **

39.7 (33.6)
42.7 (47.5)
66.3 (31.8)
69.1 (21.7)
36.7 (28.0)
65.5 (32.8)

44.6 (30.6)
43.3 (46.0)
64.8 (27.7)
64.2 (19.7)
32.0 (23.8)
62.0 (24.6)

36.0 (28.1)
42.6 (47.5)
51.9 (25.8)
48.3 (30.7)
27.5 (29.4)
44.8 (30.0)

General quality-of-life (VAS
   score 0 – 100)*

53.2 (25.2) 49.4 (21.4) 50.8 (26.7)

Values are given as mean (SD) unless otherwise noted, **score 0 = no pain, 100 = 
severe pain. VAS: Visual Analogue Scale. In other domains of the Short Form 20,
100 represents the best score.
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complications or objective refl ux, but was dissatisfi ed with the result. Of the four 
patients with a failed CNF in the randomised trial, one had objective recurrent 
GERD despite a further Nissen procedure, one had no refl ux symptoms but was 
reoperated twice for an incisional hernia, and one was reoperated for persistent 
dysphagia nine months after the initial fundoplication but still complained of 
bloating three months after the second procedure. The fourth patient had 
persistent pulmonary tract infections, which overshadowed adequate refl ux 
control. Of 12 patients in the consecutive cohort study who had a failed LNF, seven 
had persistent dysphagia, three had recurrent GERD, and two had both recurrent 
dysphagia and GERD. Reoperation was undertaken in six of 12 patients who had a 
failed procedure.

Resources and unit costs
In the supplement tables S1a-d the resource use and unit costs are shown for both 
the RCT and consecutive cohort study on LNF. Mean (SD) skin-to-skin operating 
times were 2.5 (0.7) and 1.6 (0.5) hours for LNF and CNF respectively in the RCT, 
and 1.5 (0.4) hours in the cohort study on LNF. Mean (SD) hospital stay was 4.5 
(1.5), 5.8 (1.3) and 4.2 (3.4) days respectively (P=0.029). Proportions of patients 
in employment before surgery and duration of sick leave after successful and 
unsatisfactory procedures are summarised in table 4. 

Table 4

Sick leave

Friction costs Manchet I 

Laparoscopy

Manchet I 

Laparotomy

Manchet II 

Laparoscopy

Unit costs

(€)

Paid work (%)

Sick-leave successful

   outcome (days)

Sick-leave failed

   outcome (days)

63

71.8

98.3

63

79.2

101.3

68

67.2

112.4

-

136

136

Values are percentages, mean number of days and unit costs (Euros)
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Table S1a

Total resource use and unit costs for preoperative visits and diagnostics

Manchet I 

Laparoscopy 

(n=57)

Manchet I 

Laparotomy 

(n=46)

Manchet II 

Laparoscopy 

(n=121)

Unit costs 

(€)

Preoperative visits & 

diagnostics

No. of units No. of units No. of units

1st consultation

Next consultation

Telephone consultation

Screening consultation

Paramedic consultation

57

45

8

42

3

46

34

5

29

7

121

102

14

52

8

83

50

50

91

25

Diagnostic procedures

Barium swallow

GI endoscopy

Esophageal manometry

24-hr pH metry

Chest X-ray

ECG

Other diagnostic procedures

Laboratory tests

Preoperative admission (days)

Consultations

49

57

55

54

8

8

6

30

57

59

41

44

44

44

11

10

3

33

44

47

75

107

108

105

15

8

8

51

96

123

142

309

319

308

33

20

33-62

44

256

29

Values are numbers of resource use in each group and costs per unit in Euros, 

applicable for 2004.
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Table S1b

Average operating time, hospital days, resource use and unit costs

Operation

Manchet I 

Laparoscopy

Manchet I 

Laparotomy

Manchet II 

Laparoscopy

Unit costs 

(€)

Operating time (hours; SD)

Theatre personnel (hours)

Anaesthesia

Standard operation material

Laparoscopic disposables

Depreciation inventory O.R.

   (hours)

Depreciation laparoscopic 

inventory (hours)

Overhead cleaning

Overhead building (hours)

Other overhead

2.48 (0.67)

2.48

1

1

1

2.48

2.48

1

2.48

1

1.61 (0.54)

1.61

1

1

0

1.61

0

1

1.61

1

1.5 (0.39)

1.5

1

1

1

1.5

1.5

1

1.5

1

-

174/hour

300

192

1111

9.0/hour

23/hour

9.0

41.5

84.5

Hospitalisation

Hospital stay (days; SD)

Barium swallow

Chest X-ray

Consultations resident/specialist

Paramedic consultations

4.49 (1.5)

0.11

0.18

0.77/0.12

0.19

5.79 (1.3)

0.13

0

0.96/0.24

0.30

4.2 (3.4)

0.11*

0.12

0.77/0.17*

0.19*

256

142

33

29/63

18

Values are presented in mean numbers, unless otherwise indicated. Costs are presented 

per unit or per hour (Euros).
* Values were not prospectively scored in the Manchet II study and were therefore assumed 

to be near those values as achieved in the Manchet I trial.
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Table S1c

Total number and costs of in-hospital complications and interventions during the fi rst 

year postoperatively

In hospital complications

Manchet I 

Laparoscopy 

(n=57)

Manchet I 

Laparotomy 

(n=46)

Manchet II 

Laparoscopy 

(n=121)

Unit costs 

(€)

Intrathoracic herniation wrap (exc.

 reoperation, incl. extra hospital days)

Ileus

Pneumonia

Early dysphagia

Pneumothorax

Urinary tract infection

Wound infection

Other complications

2

0

0

2

4

1

0

4

0

1

2

3

0

0

4

0

2

1

2

4

0

0

1

6

6288

3603

1863

1128

657

442

332

2584

Complications needing reoperation

Dysphagia

Recurrent GERD

Rec. GERD + dysphagia

Cicatricial hernia

3

3

1

0

1

1

1

1

 3*

2

1

0

2341

1223

1000

686

Complications, non-surgical treatment

Dysphagia

Recurrent GERD

Epigastric pain

4

0

1

0

1

0

6

2

2

724

943

394

Reoperation

Nissen

Belsey Mark IV

Correction cicatricial hernia

8

1

0

2

1

1

4

1

0

2870

3989

1326

Values are total numbers. Unit costs are mean costs for treatment of the complication (Euros)
* Including one patient who needed reoperation for a paraesophageal hernia due to a car 

accident
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Mean hospital costs, productivity losses (sick leave) and total costs of treatment 
are shown in table 5. Mean total costs for LNF were lower in the later study 
than in the RCT. Hospital costs were € 2137 higher for LNF than for CNF in the 
randomised trial. In the cohort study, however, this difference was reduced to 
€ 793. These extra hospital costs were partly compensated by lower productivity 
losses for LNF (€ 600 in RCT and € 391 in cohort study). 

Effectiveness, QALY’s and cost-effectiveness
Symptoms and complaints at one year were similar in all groups (table 2). Changes 
in VAS scores during the fi rst year for patients with a successful or failed procedure 

RCT – LNF successful

RCT – CNF successful

Cohort study – LNF successful

RCT – LNF failed

RCT – CNF failed

Cohort study – LNF failed

0
3 6 9 12Pre
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Time after surgery
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Figure 3

Utilities affecting quality-of-life were estimated using a Visual Analogue 

Scale (VAS, 0-100) before, and 3, 6, 9 and 12 months after surgery in 

patients subgrouped according to success or failure of each treatment 

within each study. RCT, randomised controlled trail; LNF, laparoscopic 

Nissen fundoplication; CNF, conventional Nissen fundoplication
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Table 5

Mean treatment costs (€)

Manchet I 

Laparoscopy 

(n=57)

Manchet I 

Laparotomy 

(n=46)

Manchet II 

Laparoscopy 

(n=121)

Preoperative visits and diagnostics

Preoperative screening

Operation

Personnel

Material

Depreciation

Overhead

Hospitalisation

Additional procedures

Consultations

In-hospital compl. excluding reoperations

Non-surgical treatment of complications

Complications needing reoperation,

   excluding reoperation

Reoperations

Postoperative visits and diagnostics

Medication (1st year after operation)

Total Hospital costs

Sick leave from paid work

Overall costs

1.261

286

430

1.603

79

197

1.150

26

43

1.716

57

262

473

1.419

124

9.126

6.351

15.477

1.257

274

279

491

15

160

1.483

22

58

1.205

21

112

241

1.302

69

6.989

6.951

13.940

1.112

233

261

1.303

48

156

1.075

26

43

1.804

58

87

128

1.389

59

7.782

6.560

14.342

Results in mean Euros per patient
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in each of the three groups are shown in fi gure 3. The mean number of QALYs was 
0.63 for the laparoscopic group and 0.59 after a conventional procedure in the 
RCT, and 0.66 after LNF in the cohort analysis. Further comparisons regarding 
quality-of-life revealed no signifi cant differences in postoperative outcome 
between studies or individual groups. The incremental cost–utility ratio for LNF in 
the cohort study compared with CNF in the RCT was € 40 254 per QALY gained. 

Sensitivity analysis
Several sensitivity analyses were performed, revealing that if the total cost of LNF 
was reduced by € 998, but the costs of CNF remained unchanged, the cost 
advantage of CNF would be cancelled out. Similarly, if the reoperation rate after 
LNF was decreased from 0.05 to below 0.008 and/or if the mean duration of sick 
leave was reduced from 67.2 to below 61.1 days, the cost advantage of CNF 
would be cancelled out. Two-way sensitivity analyses were performed with a 
combination of two of the above variables. If total costs for LNF were less than 
€ 950 and duration of sick leave after LNF less than 52.8 days, laparoscopy would 
become cost-saving.

Discussion

This study analysed direct and indirect costs associated with Nissen fundoplication 
with follow-up of one year. The consecutive series of 121 patients with LNF was 
added to eliminate the effect of the learning curve, which seemed apparent in the 
RCT. By the time of the later study surgeons had experience of more than thirty 
laparoscopic fundoplications. 
The results of the original trial indicated that CNF yielded better outcomes at lower 
cost. The present analysis showed that complication rates and operating times 
were lower in the cohort study than in the original RCT. Time to return to work was 
slightly in favour of LNF. Thus with a well organised set-up and experienced 
surgeons, the total cost of LNF was reduced by € 1135, although it remained 
€ 402 more expensive than CNF. LNF and CNF were equally effective and safe in 
both studies, comparable to published fi ndings2,3,6.
In the present cost analysis the cost of a ‘minimum package’ of disposables was 
used, which differed between the two studies. With growing experience, fewer 
laparoscopic instruments were used routinely in the cohort study. Hospital stay, 
another important cost-increasing factor, was signifi cantly shorter after LNF, 
although somewhat higher than reported in a recent meta-analysis of antirefl ux 
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surgery (mean 5.2 days after CNF and 3.1 days after LNF)21. No specifi c criteria 
were applied to hospital discharge, which was determined locally, refl ecting 
prevailing attitudes among Dutch surgeons. The impact of these somewhat longer 
admission times is unlikely to signifi cantly infl uence the conclusions of this study as 
it is the difference in hospital stay between techniques that is relevant to the 
analysis.
In the RCT, the reoperation rate was higher after LNF than CNF during the fi rst 
three months16, although this difference had diminished by one year. The 
reoperation rate at one year after LNF in the cohort study was lower than that 
after LNF and CNF in the randomised trial (5.0, 16 and 9 per cent respectively). 
Reoperation rates varying from 0 to 25 per cent have been reported after antirefl ux 
surgery. In the sensitivity analysis, however, reducing the reoperation rate had only 
a marginal effect on mean total costs.
It was nearly two and a half months (7.4 days in favour of the laparoscopic 
procedure in the RCT and 12 days in the cohort study), before patients resumed 
paid work after uncomplicated fundoplication. Sick leave in the present study was 
longer than that in other reports (mean 35.8, range 17.0–44.0) days after CNF 
and 20.1 (range 15.3–21.0) days after LNF21. Although a substantial proportion of 
the patients had physically strenuous jobs, this cannot fully account for the 
prolonged absence. Company doctors decide upon return to work in the 
Netherlands and probably base their advice on experience with conventional 
abdominal procedures. This long period of sick leave is not easily understood nor 
does it seem acceptable. In a recent study by Bisgaard et al.22, pain, fatigue and 
dysphagia contributed to prolonged convalescence after uncomplicated LNF. It was 
also emphasised that application of well defi ned criteria for recovery may shorten 
sick leave after LNF22. In our opinion, the observed difference in sick leave 
between published studies refl ects a cultural problem in which more attention is 
needed to adapt the current policy.
Only one randomised cost analysis of CNF versus LNF has been published, with a 
follow-up of only three months11, a period too short to determine outcome and 
costs associated with treatment of complications. Most comparative cost and cost-
effectiveness analyses on antirefl ux surgery have major methodological fl aws. 
Apart from improper defi nition of cost measurements and resources obtained in 
different time intervals, some studies have reported hospital charges only or 
provided incomplete data12–15. The present study included all extra costs for 
treatment of complications. The fact that patients can have a successful outcome 
after experiencing a complication was also taken into account. The majority of 
hospital cost was the operation itself. Costs related to the treatment of 
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complications were of less importance. Preoperative tests are generally accepted, 
but after operation most patients only accept invasive tests if they develop 
symptoms. In the present study the cost of routine postoperative examinations was 
not taken into account.
As for utilities, these were obtained using a VAS23. Only a small improvement was 
found after operation compared with preoperative values (fi gure 3). The utilities 
based on the VAS scores indicated that there were no signifi cant differences in 
general quality-of-life between LNF and CNF in both studies. More interesting was 
the pattern of scores over time, notably a decrease in VAS score for both LNF 
groups at three months and for the CNF group in the RCT after six months. This 
might be explained by the fact that failure occurred during the fi rst three months 
after LNF but slightly later after conventional surgery. After treatment of these 
complications, VAS scores increased without signifi cant differences and, in 
addition, these results were comparable at 12 months. The area under the curve, 
which represents the QALYs, did not appear to differ signifi cantly between the 
strategies at one year.

In conclusion, similar clinical outcomes may be expected after LNF and CNF, 
although the laparoscopic procedure was calculated to be more expensive even 
when performed by experienced surgeons with accelerated recuperation after 
surgery. Not until prices of laparoscopic equipment decrease and sick leave is 
shortened will LNF become an economically viable alternative. Adjustment of the 
Dutch sick leave policy might make LNF the procedure of choice in the surgical 
treatment of refractory GERD from both a clinical and economic perspective.
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Abstract

Background
Robotic systems have been developed to enhance surgeons’ capabilities in 
minimally invasive surgery with the objective to improve patient outcomes. These 
systems may be of added value during procedures involving extensive dissection 
and suturing in confi ned spaces, such as laparoscopic Nissen fundoplication. 
Therefore, the purpose of this single centre randomised controlled trial was to 
compare standard laparoscopic Nissen fundoplication (LNF) with the robot-assisted 
approach (RNF).

Methods
Between 2003 and 2005, 50 patients with confi rmed refractory gastroesophageal 
refl ux disease (GERD) were assigned to undergo either LNF (25) or RNF (25). 
Patients who had undergone previous antirefl ux surgery were excluded. 
Independent assessment of dysphagia, regurgitation, heartburn and general well-
being were performed before and at six months after surgery using standardised 
clinical questionnaires. Objective outcome was studied six months after surgery by 
esophageal manometry, 24-hr pH monitoring, barium esophagram series and 
upper endoscopy.  

Results
Operating time, blood loss, postoperative pain scores, hospital stay and 
complication rate did not signifi cantly differ between the two groups. Additionally, 
postoperative self-rated change in refl ux symptoms and quality-of-life improved 
equally for both groups. Reoperation rates also did not differ between the groups 
(one incisional hernia after LNF and one patient with redo Nissen after RNF due to 
persistent dysphagia). Reduction in esophageal acid exposure, increase in lower 
esophageal sphincter tone and mucosal healing were comparable between LNF 
and RNF at follow-up.

Conclusion
RNF yields similar subjective and objective results as LNF in this study. Therefore, 
no additive value of robotic systems for this procedure could be detected up to six 
months after surgery. 
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Introduction

Laparoscopic Nissen fundoplication currently is the standard surgical treatment for 
refractory gastroesophageal refl ux disease (GERD)1,2. Reported short- and mid-term 
results are excellent in 85 to 90% of patients which is at least similar to the 
outcome of conventional surgery, while postoperative pain is reduced and 
convalescence is shortened3-6.
Although minimally invasive techniques have made substantial advances for 
patients, surgeons are still challenged by the limitations of standard laparoscopy. 
These disadvantages mainly encompass the lack of depth perception due to two-
dimensional imaging and rigid instruments with a limited range of motion that is 
counter-intuitive with poor ergonomics for the surgical team. Consequently, the 
laparoscopic construction of a reproducible, standardised ‘fl oppy’ fundoplication 
may be impaired due to these limitations, in addition to the learning curve 
associated with this procedure which amounts to twenty procedures for surgeons 
experienced in minimally invasive surgery7.
The use of robotic technology in laparoscopic procedures has increased over the 
past decade. In numerous studies across various disciplines, it has been shown to 
be a safe and effective alternative to standard laparoscopic surgery, particularly 
when dealing with complex pathology8,9. These technologically advanced systems 
are assumed to facilitate solutions for the shortcomings of minimally invasive 
surgery, thereby increasing surgical capacities. Additionally, learning curves for 
complex procedures may be shortened due to the advance of perceptive abilities. 
Although the objective of using robot-assistance in laparoscopic surgery is to 
improve patient outcomes, studies comparing standard with robot-assisted 
approaches are scarce. The application of these systems in laparoscopic Nissen 
fundoplication might hypothetically result in a more reproducible and standardised 
Nissen fundoplication, as essential details of the procedure may be performed with 
more accuracy. Thus, the support of robotic systems in this type of surgery might 
result in improved symptomatic and functional results. 
The purpose of the present study was to compare standard laparoscopic Nissen 
fundoplication (LNF) with the robot-assisted laparoscopic approach (RNF) on 
anatomical and functional parameters. Furthermore, the two techniques were 
evaluated subjectively to determine postoperative symptomatic and objective 
outcome of both techniques at six months after surgery.
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Patients and Methods

Patients
The study was entirely conducted at the University Medical Centre Utrecht, the 
Netherlands. The local Medical Ethics Committee approved this study before it was 
conducted. Patients older than 18 years who were diagnosed with GERD at our 
Department of Gastroenterology or Surgery were considered eligible for the current 
study. Medical history, barium esophagram series, upper endoscopy, esophageal 
manometry and 24-hr pH monitoring were assessed to diagnose GERD. Surgical 
treatment was proposed for patients with GERD insuffi ciently reacting to proton 
pump inhibitors, persisting esophagitis and/or pathological esophageal acid 
exposure. Patients unwilling to take lifelong medication to suppress their symptoms 
of GERD were also candidates for surgery. Patients with general contraindications 
for laparoscopy or previous abdominal surgery were excluded, as well as patients 
with psychiatric diseases. All patients included in this study gave written informed 
consent, according to the study protocol. 

Treatment allocation
All patients who were evaluated for surgical treatment of GERD were considered 
for entry into the trial protocol (fi gure 1). Eligible patients were assigned to 
undergo either LNF or RNF according to random allocation. If the patient was 
eligible for laparoscopic antirefl ux surgery, the Trial Data Centre at our institution 
was contacted for checking and completing preoperative work-up. A total of 62 
consecutive patients were considered for entry in the trial. Twelve patients were 
excluded, eight patients refused participation, in one patient a concurrent 
laparoscopic cholecystectomy had to be performed and three other patients were 
excluded because of previous abdominal surgery. In case of conversion to open 
surgery, these patients were maintained in their original group according to the 
intention-to-treat principle. This trial was performed in accordance with the World 
Medical Association declaration of Helsinki (revised 1989). 

Preoperative work-up and postoperative evaluation
Clinical history was taken by fi lling out a standardised questionnaire before, 
directly after and at six months after surgery. Symptomatic outcome was 
determined using a general health questionnaire. The participant’s global appraisal 
of general state of health was measured on a 10-cm visual analogue scale (VAS). 
The change in quality-of-life was compared with baseline, measured on a four-
point scale that ranges from “resolved” to “worsened” (Visick grading scale)10.



chapter 4

87

Furthermore, the self-rated change in refl ux symptoms as compared to the 
preoperative state and satisfaction with overall outcome was determined.
Upper endoscopy, barium esophagram series, esophageal manometry and 24-hr 
pH monitoring were performed before and at six months after surgery. Barium 
esophagram series were performed with the objective to determine the position of 
the gastroesophageal anatomy. During endoscopy, the presence of esophagitis and 
diaphragmatic hernia was determined by experienced gastroenterologists. In all 
patients the distance from the diaphragmatic esophageal impression to the 
gastroesophageal junction (Z-line) was measured. Refl ux esophagitis was graded 
according the Los Angeles classifi cation (table 1)11.

n= 62 Assessed for 
eligibility

Randomised to robot-
assisted laparoscopic 

fundoplication (n= 25)

Randomised to standard 
laparoscopic fundoplication 

(n= 25)

Follow-up at 3-6 months after surgery
- Subjective assessment (n= 23)
- Barium esophagram (n= 23)
- EGD (n= 22)
- Esophageal manometry and 
   24-hr pH-metry (n= 23)

Follow-up at 3-6 months after surgery
- Subjective assessment (n= 23)
- Barium esophagram (n= 25)
- EGD (n= 24)
- Esophageal manometry and 
   24-hr pH-metry (n= 22)

Excluded
- Refused participation (n= 8)
- Concurrent procedures (n= 1)
- Other (n= 3)

Figure 1

Study fl ow diagram
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Esophageal manometry was performed using a water-perfused system with a 
multiple-lumen catheter with an incorporated sleeve sensor (Dentsleeve Pty Ltd, 
Adelaide, Australia). After placing the catheter transnasally into the stomach, the 
catheter was retracted to determine the margins of the lower esophageal sphincter 
(LES) and to position the sleeve sensor at the level of the LES. The manometric 
response to ten standardised wet swallows (5-ml water bolus) was recorded during 
which both mean end-expiratory LES pressure and residual pressure of the LES 
during relaxation (nadir pressure) were determined.
Twenty-four hour pH monitoring was performed after suspension of antisecretory 
drugs for at least three days prior to the test. A pH glass electrode (model LOT440, 
Medical Instruments Corporation, Solothurn, Switzerland) was positioned fi ve cm 
above the proximal margin of the LES to measure esophageal pH. Recorded data 
were transferred to a digital data logger (Medical Measurements Systems BV, 
Enschede, the Netherlands). Patients were requested to register their refl ux 
symptoms during the test both by pressing a button on the data logger and by 
writing them in a diary. Furthermore, the periods of upright and supine position 
were recorded in the diary to determine esophageal acid exposure throughout 
these phases. During analysis of the results, an analysis program (Medical 
Measurements Systems BV, Enschede, The Netherlands) was used to determine the 
percentages of total time with esophageal pH < 4 and time in supine and upright 
position with pH < 4. Additionally, the symptom index (SI) and symptom-
association probability (SAP) were calculated12,13. These symptom indices were 
considered to be indicative for pathological refl ux-related symptoms if they 
exceeded 50% and 95% respectively. Abnormal refl ux was defi ned as the 
percentage of time with pH below 4 for total time > 5.78%, upright time
> 8.15% and supine time > 3.45%14.

Table 1

Los Angeles classifi cation of esophagitis11

Grade A

Grade B

Grade C

Grade D

Mucosal break ≤ 5 mm in length

Mucosal break > 5 mm

Mucosal break continuous between > 2 mucosal folds

Mucosal break ≥ 75% of esophageal circumference
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Surgical technique
All procedures were carried out by a team of surgeons (RS, IB, HG) having 
performed more than thirty laparoscopic Nissen fundoplications and more than 
twenty robot-assisted laparoscopic procedures, i.e. after having completed the 
learning curves for both techniques7. In both approaches the patient was placed in 
a French, reverse Trendelenburg position and a nasogastric tube was placed. The 
entire procedure was standardised according to the study protocol and performed 
similarly in all patients. Pneumoperitoneum was established using an open access 
technique in all cases.
For the LNF group, a 12-mm and 5-mm right subcostal, a 5-mm left subcostal, a 
5-mm epigastric and a 10-mm supraumbilical camera port were used. After 
retraction of the left liver lobe, the hiatus and distal esophagus were dissected and 
an intra-abdominal segment of the esophagus was obtained measuring three cm.
A posterior crural repair was performed in all patients with nonabsorbable sutures. 
The proximal short gastric vessels were ligated to completely mobilize the gastric 
fundus using ultrasonic dissection (Ultracision, Ethicon Endo-Surgery, Inc., 
Amersfoort, the Netherlands). A fl oppy 360° Nissen fundoplication of 2.5-3.5 cm 
was constructed with three non-absorbable stitches.
RNF was carried out identical to the standard technique with support of the da 
Vinci™ robotic system (Intuitive Surgical, Goleta, Ca, USA). The camera port and 
both 5-mm subcostal ports, however, were now reserved for the 12-mm robotic 
camera port and both 8-mm da Vinci instrument ports respectively. The camera 
and robotic instruments were controlled by the surgeon from behind the console. 
A tableside assistant was responsible for changing instruments, retraction, suction 
and passing sutures into the abdomen. A second tableside assistant retracted the 
left liver lobe anteriorly. The surgeon was able to use an electrocautery hook, a 
grasper and a needle driver while using a 30° angled scope. All robot-assisted 
procedures were carried out with 2:1 motion scaling. The short gastric vessels were 
also ligated using a robotic ultrasonic device (Sonosurg, Olympus, Hamburg, 
Germany). Hiatoplasty and construction of the Nissen fundoplication did not differ 
from the standard approach. All midline incisions of the fascia were closed. 
Patients were allowed a normal diet on the fi rst postoperative day after removal of 
the nasogastric tube. In both groups, patients were encouraged to ambulate on the 
same or the next postoperative day. Patients were discharged from the hospital 
when in acceptable condition and when oral intake was well tolerated. 
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Outcome measures
Demographic data, body mass index, hospital stay and operative data were 
prospectively recorded. Operative data included operating time, intra-operative 
complications and estimated blood loss and length of fundoplication. Operating 
time was defi ned as the time from fi rst skin incision to the fi nal closure of the last 
skin incision. Early and late (>30 days) complications and reoperations were also 
recorded. 
The primary endpoints of this study were the anatomical results of the procedure 
as determined by barium esophagram series. The functional result was measured 
by esophageal manometry and 24-hr pH metry. Finally, quality-of-life, as 
measured with disease specifi c questionnaires and a survey on general state of 
health, was defi ned as a secondary endpoint of the trial. 

Statistical analysis
This trial focussed on the anatomical and functional results of the two procedures. 
Based on a 35% difference in the objective outcome parameters with a probability 
of a type 1 error α < 0.05 and a power of 80%, a total of 20 patients in each 
branch would have to be randomised. We anticipated for the possibility of 
incomplete pH studies and included a total of 50 patients in this study.
Values are presented as median (range) for continuous variables. SPSS version 
12.0.1 (SPSS, Chicago, Illinois, USA) was used for all analyses. Non-parametric 
data were analysed using the two-tailed Mann-Whitney U test and the Student’s
t-test was used if data were normally distributed. We compared groups with the
χ2 test for nominal variables. Differences in proportions with 95% confi dence 
intervals (CI) are presented. For continuous variables the absolute differences were 
calculated with 95% CI. The signifi cance level was set at P <0.05.

Results

Baseline characteristics
Participating patients were operated between January 2003 and October 2005. In 
table 2 the baseline characteristics of the study population are presented. The two 
groups were similar in age, sex ratio and median body mass index. Results of 
preoperative work-up are shown in table 3. No important differences between 
both groups were identifi ed. Sixteen patients (64%) in the RNF group had a 
concomitant sliding hiatal hernia with a median size of 3.0 (0-7) cm. This was 
encountered in 15 patients (60%) in the LNF group (median size 3.0 cm, 0-7). All 
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patients were using antisecretory drugs, either proton pump inhibitors and/or 
H2 receptor antagonists for at least six months before surgery. 

Table 2

Baseline patient characteristics

RNF

(n=25)

LNF

(n=25) P value

Age (years)*

Male / female sex (n)

Body Mass Index (BMI)*

Preoperative antisecretory 

medication (n)

48.0 (20-74)

16 / 9

25.6 (19.1-37.2)

25

52.0 (27-71)

17 / 8

28.7 (19.5-46.6)

25

NS

NS

NS

NS

Operation indication

Insuffi cient response to medical 

treatment (n)

Unwilling to take lifelong 

medication (n)

22

3

23

2

NS

NS

* Values are given as median (range), RNF: robot-assisted laparoscopic Nissen 

fundoplication, LNF: standard laparoscopic Nissen fundoplication 
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Table 3

Preoperative diagnostic evaluation

RNF

(n=25)

LNF

(n=25)

P value or 95% 

CI#

Esophagitis at endoscopy (n, %)

- No esophagitis

- Grade A

- Grade B

- Grade C

- Grade D

- Unknown

6 (24%)

6 (24%)

7 (28%)

3 (12%)

2 (8%)

1 (4%)

8 (32%)

5 (20%)

6 (24%)

0

1 (4%)

5 (20%)

NS

NS

NS

NS

NS

NS

Esophageal manometry (kPa)

End-expiratory LES pressure*

Nadir end-expiratory LES pressure*

Percentage of peristaltic contractions

     - < 80% (n)

     - 80-100% (n)

1.0 (0.0-3.5)

0.2 (0.0-1.0)

1

24

1.0 (0.0-5.0)

0.2 (0.0-2.0)

2

23

-0.6-0.6#

-0.02-0.1#

NS

NS

24-hr pH monitoring

Total esophageal acid exposure time

   (% of time with pH<4.0)*

 - > 5.78% (n)

Number of refl ux symptoms

   reported during 24-hr pH study*

Symptom Index*

 - > 50% (n)

Symptom  Association Probability*

 - >95% (n)

13.5 (5.2-29.5)

24

23 (0.0-117)

65.5 (0.0-100)

19

99.9 (0.0-100)

21

9.9 (1.3-24.8)

21

11 (0.0-58

71.4 (0.0-100)

22

100 (0.0-100)

21

-0.1-7.4#

NS

-2.8-8.9

-18.3-12.3#

NS

-13.7-11.8#

NS

* Values are given as median (range), # Signifi cance in 95% confi dence intervals (CI), 

RNF: robot-assisted laparoscopic Nissen fundoplication, LNF: standard laparoscopic

Nissen fundoplication
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Operative data and perioperative follow-up
The median operating time was 120 minutes (80-180) for the RNF group and 95 
(60-210) minutes for the LNF group (difference 25 minutes, 95% CI -6.0-32.0). 
Median set-up time of the robotic system was 10 minutes (3-15). All robot-assisted 
procedures could be completed by laparoscopy. Conversion to open surgery was 
necessary in two patients during LNF (8%), in both cases due to impaired sight as 
a result of severe obesity and left lobe hepatomegaly. In one of these two patients 
a Belsey Mark IV procedure was performed, in the other an open Nissen 
fundoplication.
The estimated blood loss did not signifi cantly differ between groups, 20 ml after 
RNF (0-200) and 45 ml after the standard laparoscopic approach (0-200, 
difference 25 ml, 95% CI -58.2-8.9). Minor intraoperative complications occurred 
in seven patients after LNF (28%), small liver capsule tears in four, small spleen 
capsule tears in two and a pneumothorax in one patient. Liver capsule tears 
occurred in two patients and minor bleeding occurred in another two patients after 
RNF. Postoperatively, two patients after LNF developed pneumonia and one 
patient suffered from a urinary tract infection as compared to none in the RNF 
group. In both groups median hospital stay was 3 days, ranging between 2-6 days 
after RNF and between 1-13 after LNF. 

Symptomatic outcome
In table 4 the results of subjective outcome are summarised. No differences in 
quality-of-life could be demonstrated, neither for VAS scores nor for symptom 
assessments. Satisfaction with the outcome of surgery was achieved in 92% of 
patients after RNF and 88% after LNF (difference 4%, 95% CI -0.13-0.21). A total 
of 23 patients scored their refl ux symptoms as cured or improved after RNF (92%) 
and 24 patients after LNF (96%). All patients after LNF and all but one after RNF 
would have chosen surgery again in retrospect. 

Objective follow-up
Forty-six patients underwent a postoperative endoscopic examination at 3-6 
months (92%), 22 in the RNF group and 24 in the LNF group. Forty-fi ve (90%) 
underwent 24-pH monitoring and esophageal manometry, 23 and 22 in the RNF 
and LNF groups respectively. Barium esophagram series were performed in 
48 patients (96%), 23 after the robot-assisted procedure and all after LNF. The 
remaining patients refused one or more postoperative investigations.
Endoscopic examination revealed residual esophagitis in three patients in both 
groups. This was a signifi cant decrease in incidence of esophagitis when compared 
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Table 4

Subjective evaluation before and after RNF and LNF 

RNF

(n=25)

LNF

(n=25)

P value or 

95% CI#

Before After  Before After

General quality-of-life

   (VAS score 0-100)*

22.5

(12-99)

72.0

(21-98)

32.5

(0-96)

76.0

(26-100)

-18.1-9.2##

Self-rated change in refl ux 

symptoms as compared to 

preoperative state

   - Resolved (n)

   - Improved (n)

   - Unchanged (n)

   - Worsened (n)

14

9

1

1

15

9

0

1

NS

NS

NS

NS

Self-rated change in general 

quality-of-life as compared to 

preoperative state

   - Improved (n)

   - Unchanged (n)

   - Worsened (n)

Satisfi ed with outcome (n, %)

22

0

3

92%

20

3

2

88%

NS

NS

NS

-0.13-0.21#

* Values are given as median (range), # signifi cance in 95% confi dence intervals (CI),
## LNF versus RNF at six months after surgery, RNF: robot-assisted laparoscopic

Nissen fundoplication, LNF: standard laparoscopic Nissen fundoplication
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to preoperative evaluation (P= 0.000 and P= 0.009 for RNF and LNF 
respectively). After RNF as well as after LNF, grade A esophagitis was demonstrated 
in one and grade B in two patients. One patient after RNF appeared to have a 
recurrent sliding hiatal hernia with a size of 3 cm. After LNF, three patients had a 
recurrent hiatal hernia with a size of 4, 3 and 3 cm respectively (P= 0.31), which 
also was recognised on barium esophagram series. 
In table 5 the results of esophageal manometry and 24-hr monitoring are 
presented. Esophageal body motility variables were similar in both groups before 
and after surgery. Three patients after both RNF and LNF had peristaltic 
esophageal contractions < 80%, comparable to preoperative manometric 
evaluation (P= 0.3 and 0.95 respectively). Median LES pressure increased after 
RNF (difference 0.8 kPa, 95% CI 0.4-1.5) and after LNF (difference 0.8 kPa, 95% 
CI -1.4-0.05). Furthermore, nadir LES pressures increased signifi cantly after both 
techniques. Twenty-four pH monitoring also demonstrated similar outcomes in 
both groups. Esophageal acid exposure decreased signifi cantly for upright, supine 
and total esophageal acid exposure time after surgery (differences for upright 
16.3% (95% CI 11.9-19.1 ), supine 7.7% (95% CI 3.2-13.5) and total 12.8% 
(95% CI 9.9-14.8). Similar results were obtained in the standard LNF group 
(differences 12.5% (95% CI 8.8-14.3), 4.7% (95% CI 1.7-9.7), 9.6% (95% CI 
6.5-10.9) respectively when compared to preoperative evaluation (fi gures 2
and 3). Pathological esophageal acid exposure was encountered in three patients 
after both RNF and LNF. Symptom indices, however, were 0% in all six patients 
and antisecretory drugs were used by two of these patients after RNF and one after 
LNF. Additionally, these were the only three patients who had resumed their 
antisecretory medication use. Median symptom index and symptom association 
probability decreased signifi cantly after RNF and LNF during 24-hr pH monitoring 
(table 5). 

Reinterventions
At six months follow-up, a total of four patients underwent reintervention after an 
initially successful Nissen fundoplication (8%), two after RNF and two after LNF. 
One patient experienced troublesome dysphagia with signifi cant weight loss 
following RNF. A redo Nissen fundoplication had to be performed during which a 
too tight wrap was encountered. Another patient after RNF had an incisional 
hernia at the umbilicus three months after surgery that had to be treated with 
surgical correction. After LNF, one patient had to be reoperated due to severe 
dysphagia. The Nissen fundoplication was converted in a Toupet fundoplication in 
this patient without detected anatomical abnormalities during surgery. Another 
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patient experienced troublesome dysphagia as well, which could be managed by 
Savary dilatation of the distal esophagus. In retrospect, one of these patients with 
dysphagia following RNF demonstrated to have hypertensive LES pressure with 
incomplete relaxation. Pathological esophageal acid exposure or upper endoscopy 
abnormalities were not encountered in any of the patients having undergone 
reintervention. 

After SurgeryBefore Surgery

30

20

10

0

% Upright reflux 
time with pH<4.0%

% Supine reflux time
with pH<4.0%

% Total reflux time
with pH<4.0%

Figure 2

Esophageal acid exposures before and after RNF

Data are shown as median (horizontal line), interquartile range (box) and 5th to 95th

percentile (vertical line).
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After SurgeryBefore Surgery
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0

% Upright reflux 
time with pH<4.0%

% Supine reflux time
with pH<4.0%

% Total reflux time 
with pH<4.0

Figure 3

Esophageal acid exposures before and after LNF

Data are shown as median (horizontal line), interquartile range (box) and 5th to 95th 

percentile (vertical line). 
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Table 5

Esophageal manometry and 24-hr pH monitoring at six months after surgery

RNF

(n=25)

LNF

(n=25)

P value or

95% CI#

Esophageal manometry (kPa)

End-expiratory LES pressure*

Nadir end-expiratory LES pressure*

1.8 (0.7-3.9)

0.7 (0.2-2.0)

1.8 (0.6-4.0)

1.0 (0.0-1.6)

-0.6-0.6

-0.3-0.3

24-hr pH monitoring

Total esophageal acid exposure time

   (% of time with pH<4.0)*

 - >5.78% (n)

Number of refl ux symptoms

   reported during 24-hr pH study*

Symptom Index*

 - >50% (n)

Symptom Association Probability*

 - >95% (n)

0.7 (0.0-6.6)

3

0.0 (0.0-22)

0.0 (0.0-16.7)

0

0.0 (0.0-64.2)

0

0.3 (0.0-11.5)

3

0.0 (0.0-3.0)

0.0 (0.0-0.0)

0

0.0 (0.0-0.0)

0

-2.5-1.8

NS

-21-9.6

-6.9-2.7

NS

-2.8-15.4

NS

* Values are given as median (range), # Signifi cance in 95% confi dence intervals (CI),

RNF: robot-assisted laparoscopic Nissen fundoplication, LNF: standard laparoscopic 

Nissen fundoplication
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Discussion

Robot-assisted surgery is one of the latest developments in the evolution of 
endoscopic surgery. Numerous reports have been published addressing the 
feasibility and safety of using these systems in several surgical procedures but it is 
still questioned if support of a robotic system improves anatomical and functional 
outcome in gastro-intestinal surgery9,15-17. In the present study, we have performed 
a randomised controlled trial between robot-assisted and standard laparoscopic 
Nissen fundoplication in patients with refractory GERD to assess if the application 
of robotic assistance in this procedures enhances surgical precision, resulting in a 
more favourable subjective and objective outcome.
By the end of 2005 only three randomised controlled trials on results of robot-
assisted have been published, all on laparoscopic Nissen fundoplication18-20.
Although no routine postoperative objective evaluation was applied in two of 
these three studies, no differences in intra- and postoperative complications, 
hospital stay and symptomatic outcome were detected. Operating times, on the 
contrary, were frequently found to be longer than in standard laparoscopic 
procedures and, additionally, the use of robotic assistance was attended by 
considerable higher costs up to €1630 per procedure20. Overall, the currently 
available high level studies focussing on the potential benefi t of robotic surgery in 
Nissen fundoplication did not show a distinct advantage for the use of robotic 
systems. Therefore, we initiated a randomised trial on robot-assisted versus 
standard laparoscopic Nissen fundoplication with primary emphasis on objective 
short-term outcome in a representative number of patients to adequately 
investigate the suggested values of robot assistance. Symptomatic results were also 
addressed in both groups as secondary outcome measure. This study did not detect 
any clinically relevant differences between standard and robot-assisted 
laparoscopic Nissen fundoplication, nor in perioperative data, nor in symptomatic 
and objective postoperative evaluation. Overall, symptomatic outcome, patient 
satisfaction, reoperation rate and medication use after surgery were comparable to 
those reported in the literature. Although the surgeons involved experienced a 
clear improvement in visualisation of the operative fi eld, superior instrumental 
capacities and better ergonomics, there is no support from the results of this study 
that justifi es the use of robot-assistance with the da Vinci™ system in laparoscopic 
Nissen fundoplication for refractory GERD. Results appear to be similar, but 
operative times tend to be longer and costs are considerably higher. A cost-
effectiveness study on standard LNF recently performed by our group revealed that 
total hospital costs including work- and follow-up averaged € 7.78221. When using 
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the robot, these costs are expected to increase with approximately € 1.000 as a 
result of dedicated robotic instruments. Additionally, substantial hardware, 
maintenance and upgrade costs should be taken into account.
Before the start of this study it was estimated that fi fty patients could be 
randomised and operated in a three years period. We acknowledge that this 
equivalence study has the risk of being underpowered and that large patient series 
might reveal symptomatic or functional differences at short or long term after 
surgery. Nevertheless, results of both robot-assisted and standard laparoscopic 
Nissen fundoplication are reasonable and the two techniques have shown to be at 
least comparable. Differences in both this and the other published studies 
addressing this topic appear to be very small and, hence, we do not expect 
substantial scientifi c or clinical value from large multicentre trials on robot-
assistance in Nissen fundoplication with the current technology in the perspective 
of costs and estimated outcome.
Robotic systems are designed to enhance endoscopic manoeuvrability (i.e. careful 
dissection and suturing) in relatively small confi ned spaces and therefore, we use 
this system for demanding procedures like Heller myotomy, large hiatal hernia 
repair, thoracoscopic esophageal dissection and redo antirefl ux surgery. In our 
opinion, however, Nissen fundoplication may continue to be an attractive 
procedure to gain experience with robot-assisted surgery for those who frequently 
perform complex endoscopic surgery. Surgeons who are bound to start to use these 
systems can perform several cholecystectomies and Nissen fundoplications to learn 
the basic concepts of the system and to practice the dissection and suturing 
capacities of its instruments to feel completely comfortable with the technique 
before progressing to more complex endoscopic procedures.

In conclusion, no differences could be demonstrated between patients who 
underwent laparoscopic Nissen fundoplication with support of the da Vinci™ 
robotic system and patients operated with standard laparoscopic equipment in 
terms of perioperative results and postoperative symptomatic and objective 
outcome. Therefore, we no longer routinely use robotic systems in laparoscopic 
Nissen fundoplication because costs are substantially higher while quality of care 
does not seem to improve at short term.
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Abstract

Background
Surgical reintervention after antirefl ux surgery for gastroesophageal refl ux disease 
(GERD) is required in 3-6% of patients. The subjective outcome after 
reintervention has been reported in several studies, but objective results after these 
reoperations have hardly been published. The purpose of this study was to assess 
the symptomatic and objective outcome in patients who underwent reoperation 
because of recurrent refl ux symptoms or troublesome dysphagia after primary 
antirefl ux surgery.

Methods
Between 1994 and 2005, 130 patients (mean age 48.4 ± 14.1 years) undergoing 
surgical reintervention after antirefl ux surgery for GERD were prospectively studied. 
Symptomatic outcome was determined by questionnaires. Esophageal manometry 
and 24-hr pH monitoring were carried out to assess the objective outcome.

Results 
144 reinterventions were performed in 130 patients, for recurrent refl ux in 75 
(65.3%) and for troublesome dysphagia in 43 patients (34.7%). Belsey Mark IV 
fundoplication through a left-sided thoracotomy was performed in 78 (54.2%) 
and re-Nissen or partial fundoplication in 66 patients (45.8%), including 16 
laparoscopic procedures. After a mean follow-up of 60.1 ± 37.2 months, 
symptoms were absent or signifi cantly improved in 70% of patients. and 
esophageal acid exposure was normalised in 70.2% of patients after surgery. 
Postoperative complications occurred after 14 reoperations (9.7%).

Conclusion
Surgical reintervention after antirefl ux surgery yielded good symptomatic and 
objective results in 70% of patients in this prospective cohort study. Since the 
morbidity of this type of surgery is far from negligible, the expectations should be 
discussed in detail before reoperation.
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Introduction

Antirefl ux surgery is an effective surgical intervention for gastroesophageal refl ux 
disease (GERD). Satisfactory results have been reported in 85-90% of patients up 
to fi ve years after surgery1-4. Revisional surgery is necessary in 3-6% of patients5-10.
Indications for surgical reintervention can be subdivided into recurrent refl ux 
symptoms and troublesome dysphagia11. The cause of failure may be due to 
technical errors, wrap migration or telescoping, an incorrect primary diagnosis or 
selection of a wrong procedure in patients with severe esophageal motility 
disorders5. Frequently, however, no cause for failure can be demonstrated while 
surgical reintervention after failed fundoplication is known to be technically 
demanding.
Several studies have been published on the outcome of reoperation10,12-27. Because 
of the relative scarcity of these procedures, most studies are small. Furthermore, 
the majority of studies have been directed to the feasibility of and the subjective 
outcome after reintervention whereas objective data on postoperative results are 
hardly available. Therefore, the effect of revisional antirefl ux surgery on functional 
outcome remains unclear.
This prospective study aimed to assess the subjective and objective outcome in 
patients who were reoperated for either recurrent refl ux symptoms or troublesome 
dysphagia in a tertiary referral centre. 

Patients and Methods

Patients
130 patients who underwent surgical reintervention for recurrent refl ux symptoms 
or troublesome dysphagia after one or more failed previous antirefl ux procedures 
between 1994 and 2005 were included in this prospective cohort study. Patients 
with a paraesophageal hernia without documented GERD as the indication for 
primary surgery and patients with achalasia were excluded.
The indication for the initial procedure(s) and reoperation, the type of procedures 
and treatment with proton pump inhibitors, H2-receptor antagonists and prokinetic 
drugs before reoperation were assessed. Intraoperative anatomical fi ndings that 
suggested a possible cause of failure of the previous antirefl ux procedure as well as 
intraoperative and postoperative complications were documented.
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Effect of surgery on outcome

Symptomatic assessment
Information on symptomatic outcome was obtained by sending a standardised 
symptom questionnaire comprising the Gastroesophageal Refl ux Disease Health 
Related Quality of Life (GERD-HRQoL) score to all patients. This questionnaire 
contains nine GERD-specifi c items that had to be scored according to a system 
combining severity and frequency, eventually yielding a score between zero and 
4528. Furthermore, a Visick score (symptoms resolved, improved, changed or 
worsened) and pre- and postoperative general quality-of-life using a visual 
analogue scale (VAS) were assessed.

Objective assessment
Stationary esophageal manometry and ambulatory 24-hr esophageal pH 
monitoring were performed before and after reoperative antirefl ux procedures. 
Written informed consent was obtained from all patients who agreed with both 
investigations.
All medication that could affect the results was stopped before carrying out 
esophageal manometry and 24-hour pH monitoring. Manometry was performed 
using a water-perfused system with a multiple-lumen catheter with an 
incorporated sleeve sensor (Dentsleeve Pty Ltd, Adelaide, Australia). The sleeve 
sensor was positioned at the level of the lower esophageal sphincter (LES). Mean 
end-expiratory LES pressure was determined in response to ten wet swallows
(5-ml water bolus). The end-expiratory gastric baseline pressure served as the zero-
reference point. LES pressure was defi ned as normal with a pressure ranging from 
0.6 – 3.5 kPa. Thereafter, esophageal pH monitoring was performed by positioning 
a pH glass electrode (model LOT 440 M3; Medical Instruments Corporation, 
Solothurn, Switzerland) fi ve cm above the manometrically determined proximal 
margin of the LES. The pH signals were recorded in a digital portable data 
recorder, using a sample frequency of one Hz (Orion, Medical Measurements 
Systems B.V., Enschede, the Netherlands). During 24 hours recording of intra-
luminal pH, patients registered the episodes of refl ux-related symptoms as well as 
the periods of supine and upright position. Refl ux parameters were calculated 
using an analysis program (Medical Measurements Systems B.V., Enschede, the 
Netherlands). Refl ux was defi ned as abnormal if pH was lower than 4 during > 
5.8% of the total time of pH recording and in upright and supine position during 
> 8.2% and > 3.5% of time, respectively29. Moreover, the symptom index (SI) as 
well as the symptom association probability (SAP) were calculated. Symptoms were 
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considered to be refl ux-related if the SI was larger than 50% or the SAP was
> 95%30,31.

Interpretation of data
Patients were analysed according to the indication of reoperation, i.e. recurrent 
refl ux symptoms or troublesome dysphagia, and accordingly assigned to the refl ux 
group (RG) or dysphagia group (DG). Patients who underwent more than one 
reoperation were analysed depending on the indication of their last reoperation. 
Furthermore, intra- and postoperative complications, quantity of blood loss, 
duration of operation and hospital stay were compared between abdominal 
(conventional and laparoscopic) and thoracic reoperations.
Symptomatic outcome was defi ned as successful if postoperative Visick scores on 
symptoms were marked as ‘resolved’ or ‘improved’. Successful objective outcome 
was defi ned as the absence of abnormal esophageal acid exposure. 

Statistics
Values were expressed as mean ± SD. Data were analysed using SPSS 12.0.2 for 
Windows (SPSS Inc., Chicago, Illinois, USA). The paired samples t-test was used for 
statistical analysis of continuous preoperative and present values and the t-test for 
independent samples for statistical analysis of continuous values between groups. 
Statistical analysis of categorical values between groups was performed by using 
the Pearson Chi-square test and statistical analysis of categorical preoperative and 
present values by the McNemar test. The Spearman coeffi cient was used to 
determine correlations. Preoperative and present differences and differences 
between groups were considered statistically signifi cant with a P value less than 
0.05.
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Results

General results
Basic demographics and mean times to follow-up are presented in table 1. Nissen 
fundoplication was the most performed primary antirefl ux operation (110 patients, 
84.6%). Of these, 44 patients (40%) were operated laparoscopically. In eight 
patients (6.2%) a partial fundoplication served as primary antirefl ux operation. 
Two of these operations were performed laparoscopically, three through a left-
sided thoracotomy and three through an upper abdominal midline incision. The 
other primary interventions were gastropexy (5.4%), implementation of an 
Angelchik prosthesis (2.3%) and two other procedures (1.5%), all performed 
through an upper abdominal midline incision. Forty-seven of all primary 
interventions (36.2%) were performed in our centre, the remaining in other 
hospitals in the Netherlands. Refl ux-related symptoms were the indication for 
primary intervention in all but one patient who was primarily operated for 
dysphagia. Before referral, 16 patients (12.3%) had undergone another antirefl ux 
procedure because of failure of the primary antirefl ux operation.
Overall, a total of 144 reinterventions were performed in 130 patients. Fourteen 
patients underwent two reinterventions. The mean interval between the fi rst 
antirefl ux procedure and reoperation was 52.9 ± 70.6 months. The indication for 
reoperation was recurrent refl ux symptoms in 94 (65.3%) and troublesome 
dysphagia in 50 patients (34.7%, table 2). The indication for the fi rst reoperation in 
those patients who underwent two reinterventions was recurrent refl ux symptoms in 
11 and dysphagia in three patients. An abdominal approach was used in 66 
(45.8%) and a left-sided thoracotomy in 78 reoperations (54.2%). Types of 
reoperations are shown in fi gure 1. A Collis’ gastroplasty was added to lengthen the 
esophagus in nine patients; seven during Belsey Mark IV procedures and two in 
conventional Nissen fundoplications.

Intra- and postoperative results
Several causes of failure of the previous antirefl ux procedure were identifi ed during 
reoperation (table 3A and 3B). At least one anatomical abnormality was found 
during 131 (91.0%) and two or more during 39 reoperations (27.1%). Complete 
or partial disruption of the wrap as well as cephalad slippage of the gastroesophageal 
junction and stomach through the wrap were the most common fi ndings, followed 
by migration of the wrap into the chest and the presence of a paraesophageal 
hernia. Disruption of the wrap was more frequently found during reoperation 
performed for recurrent refl ux symptoms whereas the absence of any intraoperative 
anatomical abnormality was more frequent during reoperation for dysphagia.
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Table 1

Baseline characteristics

Patients (n)

Male/ female (n)

Age (years)

Mean time to follow-up

   - subjective (months)

   - objective (months)

130

65 / 65

48.4 ± 14.1

60.1 ± 37.2

18.6 ± 30.5

Values are presented as mean (SD), unless otherwise stated.

Conventional Nissen fundoplication

Laparoscopic Nissen fundoplication

Conventional partial fundoplication

Laparoscopic Nissen fundoplication

Belsey Mark IV fundoplication

n= 11 (7.6%)

n= 7 (4.9%)

n= 5 (3.5%)

n= 78 (54.2%)

n= 11 (29.9%)

Figure 1

Type of reoperation

Table 2

Indication and route for reoperation

Thoracic (n)

Abdominal (n)

Total (n)

Refl ux group

55

39

94

Dysphagia group

23

27

50
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Table 3A

Anatomical abnormalities encountered during thoracic reoperation

Total

(n=78)

Refl ux group

(n=55)

Dysphagia

group (n=23)

P-value*

Lower esophageal sphincter 

in place

   - Wrap disruption (n)

   - No anatomical failure (n)

   - Paraesophageal

hernia (n)

26 (33.3%)

1 (1.3%)

23 (29.5%)

22 (40.0%)

0 (0%)

16 (29.1%)

4 (17.4%)

1 (4.3%)

7 (30.4%)

0.050

0.295

0.906

Lower esophageal sphincter 

migrated

   - Intrathoracic wrap

migration (n)

   - Telescoping (n)

   - Other (n)

28 (35.9%)

23 (29.5%)

3 (3.8%)

20 (36.4%)

18 (32.7%)

0 (0%)

8 (34.8%)

5 (21.7%)

3 (13.0%)

0.894

0.368

0.020

*P-value represents the difference between the refl ux and dysphagia group.



chapter 5

111

Table 3B

Anatomical abnormalities encountered during abdominal reoperation

Total

(n=66)

Refl ux group

(n=39)

Dysphagia

group (n=27)

P-value*

Lower esophageal sphincter 

in place

   - Wrap disruption (n)

   - No anatomical failure (n)

   - Paraesophageal

hernia (n)

22 (33.3%)

12 (18.2%)

6 (9.1%)

17 (43.6%)

3 (7.7%)

4 (10.3%)

5 (18.5%)

9 (33.3%)

2 (7.4%)

0.034

0.011

1.000

Lower esophageal sphincter 

migrated

   - Intrathoracic wrap

migration (n)

   - Telescoping (n)

   - Other (n)

10 (15.2%)

19 (28.8%)

1 (1.5%)

6 (15.4%)

10 (25.6%)

1 (2.6%)

4 (14.8%)

9 (33.3%)

0 (0%)

1.000

0.979

1.000

*P-value represents the difference between the refl ux and dysphagia group.
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Intra-operative complications are listed in table 4. Splenectomy for injury of the 
spleen was required during two abdominal reoperations (3.0%). Injury of the liver 
and (contralateral) pneumothorax occurred more frequently during thoracic 
reoperations (P= 0.036 and P= 0.001, respectively). Three laparoscopic 
reoperations (18.8%) were converted to laparotomy. Thoracic reoperations were 
associated with signifi cantly more blood loss (539 ± 357 vs. 221 ± 199 ml, P < 
0.001) and longer operating times (161 ± 40 vs. 106 ± 37 minutes, P < 0.001).
Postoperative complications occurred after 14 reoperations (9.7%, table 4). 
Pulmonary complications were more frequent after thoracotomy (P= 0.031). Two 
patients (1.4%) died, both after a thoracotomy. One patient died due to acute 
cardiac arrest and post-mortem did not reveal a cause directly related to the surgical 
procedure. The other patient had a septic shock and postoperative bleeding from 
the thoracic aorta with a low-grade local sepsis and fi stula to the esophagus due to 
foreign material implanted during the fi rst operation.
Hospital stay was shorter after abdominal reoperations (7.9 ± 2.9 vs. 14.4 ± 14.0 
days, P < 0.001).

Table 4

Intra- and postoperative complications

Intraoperative complications (n)

   - esophageal/ gastric perforation (n)

   - superfi cial injury esophagus/ stomach (n)

   - injury of vagus nerve (n)

   - (contralateral) pneumothorax (n)

   - injury of the liver (n)

   - injury of the spleen (n)

   - other (n)

22   (15.3%)

16   (11.1%)

2   (1.4%)

16   (11.1%)

9   (6.3%)

7   (4.9%)

5   (3.5%)

Postoperative complications (n)

   - wound infection (n)

   - pulmonary complication (n)

   - haemorrhage (n)

   - other (n)

   - death (n)

1   (0.7%)

6   (4.2%)

3   (2.1%)

4   (2.8%)

2   (1.4%)
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Effect of operation on outcome

Symptomatic assessment
A total of 118 patients (90.8%) were available for follow-up. Eight patients were 
lost during the follow-up period, two patients refused collaboration and two 
patients died during follow-up (fi gure 2). 
Daily heartburn was documented by 15 patients (20.0%) and daily symptoms of 
dysphagia by nine (12.0%) in the RG. Nine patients (20.9%) in the DG still 
experienced dysphagia every day at follow-up. Heartburn on a daily basis was 
present in 13 of these patients (30.2%). There were no signifi cant differences 
between the RG and DG with regard to the presence of daily heartburn and 
dysphagia, GERD-HRQoL, self-rated change in symptoms and general quality-of-
life (table 5). Overall, 36 patients (30.5%) had heartburn and/or dysphagia on a 
daily basis at follow-up. No signifi cant correlation was found between heartburn 
and the presence of abnormal acid exposure (r= -0.011; P= 0.918). Use of 
antisecretory drugs decreased signifi cantly in the RG (P= 0.001) whereas this was 
not seen in the DG at follow-up (P= 0.077, table 5). The use of antisecretory 
drugs was signifi cantly correlated to heartburn (r= 0.401; P= 0.001) and the 
presence of abnormal acid exposure (r= 0.307; P= 0.003) at follow-up.

Objective assessment
Sixty-three patients (75.9%) in the RG underwent esophageal manometry and 66 
patients (79.5%) underwent 24-hr pH monitoring as part of their preoperative 
work-up before reoperation. Manometry was performed in 35 (59.6%) and 24-hr 
pH-metry in 28 patients (74.5%) prior to surgery in the DG. Five patients were lost 
during the follow-up period and one patient was excluded for objective assessment 
because measurement was unreliable due to subtotal gastric resection after Belsey 
Mark IV fundoplication. Moreover, twenty-nine patients refused manometry, pH 
monitoring or both. Eventually, 102 patients (78.5%) underwent stationary 
esophageal manometry and 94 (72.3%) 24-hour pH monitoring during the 
follow-up period (fi gure 2). No signifi cant difference in frequency of daily 
heartburn and/or dysphagia was presented between patients refusing both 
investigations and patients in whom objective data were obtained.
Mean preoperative end-expiratory LES pressure was signifi cantly higher in the DG 
than in the RG (1.71 ± 1.01 kPa vs. 1.21 ± 0.81 kPa, P= 0.009). Mean LES 
pressure decreased signifi cantly in the DG group to 1.13 ± 0.83 kPa at follow-up 
(P= 0.027), but not in the RG (1.21 ± 0.73 kPa, P= 0.832). This difference in 
LES pressure in the DG was not correlated to the incidence of postoperative 
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Table 5

Symptomatic outcome

Total

(n=118)

Refl ux group 

(n=75)

Dysphagia

group (n=43)

P-value*

Self-rated change in 

symptoms as compared to 

preoperative status

   - resolved (n)

   - improved (n)

   - unchanged (n)

   - worsened (n)

GERD-HRQoL

General quality of life 

(VAS)

   - preoperative

   - follow-up

Use of antisecretory drugs

   - preoperative (n)

   - follow-up (n)

Use of prokinetic drugs

   - preoperative (n)

   - follow-up (n)

24   (20.3%)

59   (50.0%)

15   (12.7%)

20   (16.9%)

9.9 ± 9.0

34.6 ± 25.0

52.5 ± 23.0

73   (61.9%)

63   (53.4%)

23   (19.5%)

16   (13.6%)

13 (17.3%)

42 (56.0%)

8 (10.7%)

12 (16.0%)

9.4 ± 8.2

34.2 ± 23.7

54.6 ± 22.5†

60 (80.0%)

40 (53.3%)†

17 (22.7%)

11 (14.7%)

11 (25.6%)

17 (39.5%)

7 (16.3%)

8 (18.6%)

10.9 ± 10.1

35.2 ± 27.5

48.8 ± 23.7‡

13 (30.2%)

23 (53.5%)

6 (14.0%)

5 (11.6%)

0.284

0.085

0.378

0.717

0.419

0.840

0.219

<0.001

0.987

0.280

0.643

* P-value represents the difference between the refl ux and dysphagia group.
† P-value with regard to the difference between preoperative and present value was 

< 0.001.
‡ P-value with regard to the difference between preoperative and present value was 

0.009.

Values ar given as mean (SD), unless otherwise stated.



chapter 5

115

Included patients between 1994 and 2005
n= 130

-  Manometry:                 n= 102 (78.5%)
-  24-hr pH-metry:           n= 94 (72.3%)

Died: n= 2

Objective assessment

n= 128 (98.5%)

Subjective assessment

Available for follow-up:
n= 118 (90.8%)

Abdominal Group
n= 52/55 (94.5%)

Abdominal group
  -  Manometry:         n= 45/55 (81.8%)
  -  24-hr pH-metry:   n= 42/55 (76.4%)

Thoracic group
   -  Manometry:       n= 57/75 (76.0%)
   - 24-hr pH-metry:  n= 52/75 (69.3%)

Lost to follow-up:
- Lost: n= 8
- Refused: n= 2

Lost to follow-up:
- Lost: n= 5
- Refused: n= 29
- Excluded: n= 1

Thoracic Group
n= 66/75 (88.0%)

Figure 2

Study profi le
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symptoms of daily dysphagia in patients who had a reoperation through a left-
sided thoracotomy. For patients with an abdominal reoperation for dysphagia, 
however, a signifi cant correlation was detected between decrease in LES pressure 
and postoperative dysphagia (r=0.556, P=0.030).
Results of preoperative and postoperative 24-hr pH monitoring are presented in 
table 6. Mean preoperative total esophageal acid exposure was abnormal in 
patients in the RG only (fi gure 3) and decreased signifi cantly after surgery. 
Symptom indices, i.e. SI and SAP, also decreased signifi cantly after surgery. No 
differences were detected between preoperative and postoperative 24-hr pH 
profi les in patients in the DG. Furthermore, no differences in acid exposure times 
and symptom indices existed between the RG and DG at follow-up. Excessive 
esophageal acid exposure at follow-up was still present in 21 patients (33.3%) in 
the RG and in 7 patients (22.6%) in the DG (P=0.284, table 6). 

Figure 3

Total esophageal acid exposure in the refl ux and dysphagia group
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Overall outcome of reoperation
Overall, 69.5% of the patients had a successful symptomatic outcome and 70.2% 
had a successful objective outcome at follow-up without signifi cant differences 
between the RG and DG. Subtotal gastric resection after reoperation was 
performed in three patients. Indications were persistent refl ux symptoms refractory 
to medication in one and intractable symptomatic gastroparesis due to vagal nerve 
damage in two other patients.

Discussion

This is probably the largest prospective study on subjective and objective outcome 
of surgery for recurrent GERD and troublesome dysphagia after failed antirefl ux 
surgery. An overall successful symptomatic and objective outcome was 
demonstrated in 70% of patients, regardless of the surgical strategy used 
(laparotomy, laparoscopy or thoracotomy).
Intraoperative and postoperative complications, including the incidence of 
splenectomy, were comparable to those reported in other studies, although higher 
after reoperation through a left-sided thoracotomy5,7,,20,22. However, 
pathophysiology, analysis of results and anticipated outcome for reoperations 
carried out because of recurrent GERD and troublesome dysphagia are different. In 
the fi rst group of patients, the wrap has subsided in the abdomen or in the thorax, 
resulting in an insuffi cient gastroesophageal antirefl ux barrier and subsequent 
recurrent symptoms and/or esophagitis. In case of dysphagia, the 
pathophysiological defect is far less clear. Different mechanisms can be a factor in 
unsatisfactory outcome, such as a narrow wrap, tight crural repair, paraesophageal 
hernia through the wrap or migration of the fundoplication into the mediastinum, 
isolated or in combination5. Although the surgical treatment of these complications 
is less straightforward, it has been consistent for years in this cohort. If the wrap 
has migrated into the thorax, a left-sided thoracotomy is chosen and if (the 
remnants of) the fundoplication are below the diaphragm, laparoscopy or 
laparotomy is opted for. In case of recurrent GERD, a re-Nissen fundoplication is 
performed through laparotomy or a 270 degrees wrap according to Belsey Mark IV 
is performed. If an intrathoracic, otherwise intact, wrap causes dysphagia due to a 
stricture at the level of the diaphragm, the wrap is repositioned and fi xated below 
the diaphragm. If the cause of dysphagia lies below the diaphragm, the crural 
repair is tested and loosened up if necessary and in all other circumstances, the 
360 degrees Nissen is transformed into a partial posterior fundoplication.
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An anatomical explanation for failure of antirefl ux surgery was found in 91% of 
reoperations in the present study. Other studies report fi gures ranging from 69 to 
100%7,15,16,21,26. Abnormalities at the gastroesophageal junction responsible for 
dysphagia are frequently lacking during reoperation, which was also recognised in 
this study.
During the last three years of the study period, we started to perform laparoscopic 
reoperative antirefl ux surgery, with symptomatic and objective outcomes 
comparable to the conventionally operated group. Several other larger studies 
have been published showing the feasibility of this approach, with successful 
outcome in 65% to 93% of patients12,21,27,32,33. The high conversion rate (19%) in 
this study can be explained by the fact that we prefer to start laparoscopically to 
release the intra-abdominal part of the stomach in case of an intrathoracic 
migrated wrap after primary laparoscopic Nissen fundoplication. Hereby, we 
accept the chance of conversion to a left-sided thoracotomy if the wrap can not be 
freed from the posterior mediastinum.

Figure 4

Intrathoracic migrated fundoplication with recurrent GERD after conventional Nissen 

fundoplication.
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Absence of daily refl ux or dysphagia symptoms correlated well with Visick scores 
and this was attained in about 70% of patients in both groups. As for 
documentation of symptomatic results we tend to abandon separate scoring of 
heartburn, regurgitation and dysphagia and have now returned to the Visick 
grading as probably the most useful instrument to document the overall subjective 
outcome of antirefl ux surgery. With regard to objective outcome, there were some 
unexpected fi ndings. The decrease in gastroesophageal refl ux in patients operated 
for refl ux was signifi cant but normalisation was not attained in all patients. This has 
been observed in a previous study as well34. At follow-up, the use of antisecretory 
drugs signifi cantly decreased in patients reoperated for recurrent refl ux symptoms 
whereas this did not differ in patients operated for dysphagia. Nevertheless, fi gures 
at follow-up were high compared with other studies reporting percentages varying 
from 7% to 46%19,20,23,32,33. In contrast to earlier observations by our group that 
the use of antisecretory drugs was not based on refl ux-related symptoms35, we now 
observed the use of proton pump inhibitors did correlate with heartburn and the 
presence of abnormal esophageal acid exposure after surgery.
The objective fi ndings in the dysphagia group were to some extent unexpected, with 
a decrease in the number of refl ux episodes in the thoracic group and no change in 
the patients operated by laparotomy or laparoscopy. This can probably be explained 
by the observation that the thoracic group with dysphagia often had a migrated 
wrap with a segment of fundus above the diaphragm and obstruction at to the level 
of the right crus (fi gure 4). The intrathoracic segment of stomach continues to 
produce acid and it is likely that the relative obstruction at its distal end favoured 
the occurrence of short episodes of refl ux contributing to the number of episodes 
rather than to the percentage of time with abnormal esophageal refl ux over 
24 hours. Reoperation was found to reduce the number of refl ux episodes but not 
the total percentage of esophageal refl ux time.

In conclusion, this study had demonstrated satisfactory symptomatic and objective 
results in 70% of patients who underwent thoracic or abdominal revisional surgery 
for recurrent refl ux symptoms or troublesome dysphagia. These reoperations, 
however, are accompanied by higher morbidity and mortality than primary 
intervention.
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Abstract

Background
The surgical repair of large types II-IV hiatal hernia (HH) can be performed by 
endoscopic means, but the procedure is not standardised and results have not 
been evaluated systematically so far. The aim of this review article was to clarify 
controversial subjects on surgical approach and technique, i.e. recurrence rate after 
conventional versus laparoscopic large HH treatment, results of mesh 
reinforcement of the cruroplasty, the necessity for additional antirefl ux surgery and 
indications for an esophageal lengthening procedure. 

Methods
An electronic Medline search was performed to identify all publications reporting 
on laparoscopic and conventional large HH surgery. The computer search was 
followed by additional hand searches in books, journals and related articles. All 
types of publications were evaluated because of a lack of high level evidence 
studies such as randomised controlled trials. Critical analysis followed for all 
articles describing a study population of more than ten patients and those 
reporting postoperative outcome. 

Results
A total of 32 publications were reviewed. Nineteen of the publications described 
the results of retrospective series. Therefore, most of the studies retrieved were low 
in hierarchy of evidence (level II-c or lower). The overall median hospital time as 
published was three days for patients operated laparoscopically and ten days in 
the conventional group. Postoperative complications, appeared to be more 
frequent after conventional surgery. Follow-up was longer for conventional surgery 
(median 45 months versus 17.5 months after the laparoscopic technique). 
Recurrence rates reported were higher in patients operated conventionally (median 
9.1% versus 7.0% for patients operated laparoscopically). Recurrences after HH 
repair may decrease with usage of mesh in the hiatus, although uniform criteria for 
this procedure are lacking. No conclusions could be drawn regarding the necessity 
for an additional antirefl ux procedure. Furthermore, uniform specifi c indications 
for the need of an esophageal lengthening procedure or preoperative assessment 
methods for shortened esophagus could not be detected. 

Conclusion
Treatment based on standardised protocols for preoperative assessment and 
postoperative follow-up is required to clarify the current controversies.
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Introduction

Diaphragmatic herniation is a common disorder of the digestive tract1-8. It is 
characterised by a protrusion of the stomach into the thoracic cavity through a 
widening of the right crus of the diaphragm. Four anatomic patterns of hiatal 
hernia can be recognised. Sliding or type I hiatal hernia, in which the 
gastroesophageal junction migrates into the thorax, is the most common type of 
hiatal hernia (95%) and may predispose to gastroesophageal refl ux9,10. Type II 
represents a true paraesophageal hernia with herniation of the gastric fundus 
anterior to a normally positioned esophagogastric junction. Type III, with both 
elements of type I and II hiatal hernia, tend to be large with more than 50% of the 
stomach within the mediastinal sac. In type IV hernia the stomach, sometimes with 
other viscera such as the colon or spleen, migrates completely in the hernia sac 
which may result in an “upside-down stomach”11.
Although large hiatal hernia, i.e. types II-IV (HH), account for only 5% of all hiatal 
hernia12, they are important to detect because of the potentially life-threatening 
complications such as obstruction, acute dilatation, perforation or bleeding of the 
stomach mucosa13,14. In essence, no conventional options are available for the 
treatment of large HH, so surgical repair is recommended for relief of symptoms. 
Surgery with the objective to prevent complications in asymptomatic patients has 
been recommended, but scientifi c studies that compare intra-operative morbidity 
to natural history are scarce7,11,14-17.
The principles of large HH treatment are complete excision of the peritoneal sac 
from the mediastinum, reduction of herniated stomach and the most distal 
esophagus into the abdominal cavity, followed by repair of the diaphragm 
hiatus4,18-20.
Large HH repair by laparoscopic techniques was introduced in 1992 by Cuschieri 
et al.10 and is currently practised worldwide. The approach has demonstrated to be 
feasible and safe in several recent series3,5,6,8,9,21-37. Nevertheless, controversy 
continues regarding four main subjects in the fi eld of surgical treatment of large 
HH. Regarding the surgical approach, many authors suggest that the laparoscopic 
approach for HH repair may result in a higher recurrence rate than in conventional 
surgery (laparotomy or thoracotomy)22,24,36. With regard to the surgical technique, 
there are three issues to be clarifi ed. First, the need to add an antirefl ux procedure 
to HH repair is a topic of discussion. Most of the hiatal hernia are type III which 
implicates that the gastroesophageal junction has migrated above the diaphragm. 
This may result in an insuffi ciency of the lower esophageal sphincter with 
concomitant GERD symptoms, such as heartburn, regurgitation and cough. In 
many institutions an antirefl ux procedure is therefore routinely applied. Some 
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authors state that esophageal dissection during surgery induces GERD whereas 
others advocate that restoration of the anatomical disorder resolves refl ux. At 
present, however, there is little evidence regarding these assumptions, as 
randomised controlled trials have not been performed up to now35,38-40.
The second controversy is related to the issue of performing an esophageal 
lengthening procedure in case of a recognised or suspected esophageal shortening 
as another factor that may infl uence the recurrence rate after large HH repair39,41-45.
Last, the indications and results of prosthetic crural repair for large HH remain 
uncertain with regard to the prevention of recurrences7,46,47.
The aim of this study is to summarise published data and to analyse the current 
status of laparoscopic and conventional large HH repair, with special emphasis on 
morbidity and mortality, recurrence rate, the need for an antirefl ux procedure and 
indications for esophageal lengthening techniques and reinforcement of the crural 
repair. 

Methods

Literature search
An electronic search of Medline using the PubMed database was carried out to 
identify all publications on laparoscopic and conventional large HH surgery. The 
search strategy was restricted to studies on human subjects and reported in English. 
The terms ‘laparoscopic’, ‘laparoscopy’, ‘open’, ‘conventional’, ‘paraesophageal 
hernia’, ‘hiatal hernia’ and ‘diaphragm hernia’ were used in various combinations. 
The computer search was followed by hand searches in journals, books and 
reference lists of obtained articles to identify further studies of relevance for the 
review. Search results were gathered in a bibliographic database. 

Acquisition of results 
In order to generate as much publications as possible in the separate areas of 
interest, all publication types published between 1993 and 2004 were evaluated. 
Because of a complete lack of studies with a high level of evidence, like randomised 
controlled trials, cohort studies and case controlled studies and meta-analyses, only 
population size and time to follow-up were used as criteria to include publications. 
Publications with a population of more than ten patients were critically analysed. 
Case reports and studies not reporting postoperative outcome were excluded. To 
access eligibility, all abstracts presenting results and complications of large HH 
repair were reviewed by two authors (WD and ET) and re-discussed (WD and IB). 
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After the initial assessment for eligibility, two authors independently extracted the 
following data: number and demographic data of patients, type of study, length of 
study and follow up, preoperative evaluation, indication for surgical repair, surgical 
technique, postoperative (anatomical) recurrence, mortality, morbidity and 
hospital stay. In case of disagreement between the two readers, consensus was 
reached by joint review of the study. 
Data analysis was limited to basic manipulation because of a lack of statistically 
relevant data, resulting from large trials. When needed, statistics to facilitate 
descriptive objectives were performed in order to compare the different subgroups. 
Results are presented as median (range) or mean if parametric. 

Results

Thirty-two publications that met the inclusion criteria were found over a time 
period of ten years (1993 – 2004). Nineteen studies were retrospective and 
thirteen were prospective. The size of the patient population ranged from 10 to 
240 patients. The median follow-up period was 21 months (range 6-94). 
According to the Oxford Centre for Evidence-based Medicine Levels of Evidence, 
the studies retrieved were classifi ed to grade the level of evidence for each article48-51.
In table 1 the hierarchical approach to study design is shown. The highest grade is 
reserved for research involving randomised controlled trials and the lowest grades 
are applied to descriptive studies (e.g., case series) and expert opinion. 
Observational studies, cohort studies and case–control studies fall at intermediate 
levels.
In table 2 the authors, year of publication, number of patients included, number 
of patients followed, length of follow-up and conversion rate are presented. 
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Surgery and postoperative period
A total number of 1525 laparoscopic and 766 conventional large HH repairs were 
retrieved from thirty-two studies. The overall reported median operative time in 
the laparoscopic group was 196 minutes (range 90-320). With growing experience 
in the laparoscopic approach the mean operating time decreased considerably. To 
exemplify, in the study described by Diaz et al.21, an average operative time of 
258 minutes was seen during the fi rst twenty procedures, which progressively 
came down to the average of 169 minutes with growing experience. Only three 
studies reported on operating time after conventional surgery (medians of 123, 
176 and 208 minutes respectively).
When comparing results of the individual studies, the overall reported median 
hospital stay of the laparoscopically operated patients was shorter (3 days, range 
2-6) compared to the conventional group (10 days, range 7-10). This reduced 
hospitalisation was noticed in all studies on laparoscopic large HH repair. The 
overall median conversion rate was 2.4% (range 0-19.4%). 

Table 1 

Grades of evidence according to the Oxford Centre for Evidence-based Medicine Levels 

of Evidence

I

I-b

II-a

II-b

II-c

III-a

III-b

IV

V

Evidence obtained from systematic reviews with homogeneity of randomised 

controlled trials 

Evidence obtained from individual randomised controlled trials with narrow 

confi dence interval

Evidence obtained from systematic reviews with homogeneity of well-

designed cohort studies 

Evidence obtained from individual cohort studies (including low quality 

randomised controlled trials; e.g. <80% follow-up)

Evidence obtained from ‘outcomes’ research; ecological studies

Evidence obtained from systematic reviews with homogeneity of case-control 

studies

Evidence obtained from individual case-control studies

Evidence obtained from case-series and poor quality cohort and case-control 

studies

Expert opinion without explicit critical appraisal, or based on physiology, 

bench research or “fi rst principles”
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Table 2

Conventional versus laparoscopic approach

Reference Year Level of 

evidence

No. of 

operations

No. of 

patients

followed

Mean follow-up 

(months)

Conversion

(%)

Lap. Conv.

Casabella
Wiechmann
Willekes
Pierre
Khaitan
Luketich
Trus
Van de Peet
Perdikis
Krähenbühl
Andujar
Swanstrom
Mattar
Huntington
Horgan
Edye
Dahlberg
Diaz
Wu
Targarona
Gantert
Athanasakis
Ponsky
Hashemi
Ferri
Schauer
Patel
Geha
Altorki
Williamson
Myers
Maziak

1996
2001
1997
2002
2002
2000
1997
2000
1997
1998
2004
1999
2002
1997
1999
1998
2001
2003
1999
2004
1997
2001
2003
2000
2004
1998
2004
2000
1998
1993
1995
1998

IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
II-c
IV
IV
IV
IV
IV
IV
IV

15
60
30

203
31

100
76
22
65
12

166
52

125
58
41
49
37

119
38
46
55
10
28
27
35
25

27
25
70

240
100
47

126
37
94

15
44
n.r.
152
15
90
76
22
49
12

120
50
83
58
n.r.
49
31
96
35
37
55
10
28
51
57
92

222
n.r.
42

115
24
90

12
6

n.r.
18
25
12
n.r.
24
18
21
15
18
40
12
36
29
15
30
6

30
11
12
21

17 and 34 resp.
4 and 45 resp.

13 and 48 resp.
42
n.r.
45

61.5
67
94

2 (13.3)
6 (10)
0 (0)

3 (1.5)
6 (19.4)

3 (3)
1 (1.3)
0 (0)

2 (3.1)
1 (8)

2 (1.2)
0 (0)

3 (2.4)
1 (1.7)
2 (4.9)

n.r.
2 (5.4)
3 (2.5)
1 (3)
0 (0)

5 (9.1)
0 (0)
0 (0)

2 (7.4)
1 (2.9)
3 (4.3)

Lap: laparoscopic approach. Conv: conventional “open” approach. n.r.: not reported
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Complications
Accurate assessment of the complication rate after large HH repair appeared to be 
complex, as a standard index to score postoperative complications was lacking in 
all articles. Some authors distinguish between minor and major complications after 
surgical intervention, whereas others report detailed information on postoperative 
morbidity. In order to compare postoperative morbidity after laparoscopic and 
conventional large HH repair, all studies were reviewed for wound infection, 
urinary tract infection, thrombosis, pneumonia and haemorrhage.
The overall postoperative complication rate ranged from zero to 14% for 
laparoscopic large HH repair, and between 5.3% and 25% in the conventional 
group (table 3). The most frequent postoperative complications following 
laparoscopic large HH repair were of respiratory origin (i.e. pneumonia) which 
ranged from zero to 10%. Other common postoperative complications, such as 
wound infection (mean 0.2%), urinary tract infection (mean 0.6%) and 
haemorrhage (mean 0.6%), occurred infrequently. Although series reporting 
morbidity following open large HH repair were limited, median incidence rates of 
2.6 % (range 2.1–8.7%) were found for respiratory complications and 5.8% 
(range 0.8–8.7%) for wound infection.
The median mortality rate in the laparoscopic group was 0.3% (range 0-5.4%) and 
1.7% (range 0-3.7%) in the conventional large HH repair group. 

Recurrence
Protocols to assess postoperative recurrence were not standardised in any of the 
studies, except in four where nearly all patients had postoperative barium swallow 
studies8,9,24,36,.
A discrepancy between anatomic and symptomatic recurrence of large HH was 
noticed. We defi ned anatomic recurrence as a recurrent HH with or without related 
symptoms, objectifi ed by barium swallow series. This inconsistency made it 
diffi cult to report on true recurrence rate. Recurrence rates for patients treated 
laparoscopically or conventionally for the individual studies are presented in 
table 4. Whether or not a barium esophagram was carried out after HH repair is 
also shown in this table. Of the 32 studies extracted, postoperative esophagram 
series were not performed at all or only in case of persisting symptoms in sixteen 
studies. Of the remaining sixteen studies reporting radiologic follow-up, most 
incorporated no barium swallow studies directly after surgery (i.e. within six 
weeks) and therefore could not be compared with long-term results. Consequently, 
no correlation could be observed between short- and long-term results of the 
anatomical outcome after large HH repair.
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Table 3

Mortality and morbidity following laparoscopic and conventional large HH repair  

Reference (year) Laparoscopic  Conventional  

Mortality (%) Morbidity (%) Mortality (%) Morbidity (%)

Casabella (1996)
Gantert (1997)
Athanasakis (2001)
Wiechmann (2001)
Willekes (1997)
Pierre (2002)
Mattar (2002)
Khaitan (2002)
Luketich (2000)
Huntington (1997)
Horgan (1999)
Edye (1998)
Dahlberg (2001)
Diaz (2003)
Swanstrom (1999)
Trus (1997)
Wu (1999)
Van de Peet (2000)
Perdikis (1997)
Krähenbühl (1998)
Targarona (2004)
Ponsky (2003)
Andujar (2004)
Hashemi (2000)
Schauer (1998)
Ferri (2004)
Altorki (1998)
Williamson (1993)
Maziak (1998)
Myers (1995)
Patel (2004)

0 (0)
1 (1.8)
0 (0)

1 (1.6)
0 (0)

1 (0.5)
3 (2.2)
0 (0)
1 (1)
0 (0)

1 (2.4)
n.r.

2 (5.4)
2 (1.7)
0 (0)
2 (3)
2 (5)
0 (0)
0 (0)
0 (0)

1 (2.2)
0 (0)
0 (0)
0 (0)

1 (1.4)
0 (0)

0 (0)
3 (5.5)
1 (10)
0 (0)

1 (3.3)
12 (5.9)
2 (1.5)
1 (3.2)
7 (7)

1 (1.7)
0 (0)
n.r.

2 (5.4)
5 (4.2)
1 (1.9)

n.r.*

n.r*

n.r.*

5 (7.7)
3 (8.3)
2 (4.3)
0 (0)

4 (2.4)
3 (11)
6 (8.6)
5 (14)

1 (3.7)
0 (0)
0 (0)
1 (2)

2 (1.7)
2 (2.1)
0 (0)

4 (1.7)

5 (18.5)
5 of 23 (21.7)

8 (25)
n.r.

8 (6.7)
5 (5.3)

6 (16.2)
16 (6.7)

n.r.: not reported *: only major complications described in article
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Table 4

Recurrence rate following laparoscopic and conventional large HH repair

Reference (year) Recurrence   Postoperative esophagram 

Laparoscopic (%) Conventional (%) Yes (%) Not reported

Athanasakis (2001)
Krähenbühl (1998)
Ponsky (2003)
Wu (1999)
Ferri (2004)
Targarona (2004)
Hashemi (2000)
Wiechmann (2001)
Andujar (2004)
Perdikis (1997)
Diaz (2003)
Patel (2004)
Khaitan (2002)
Dahlberg (2001)
Mattar (2002)
Horgan (1999)
Casabella (1996)
Gantert (1997)
Willekes (1997)
Pierre (2002)
Luketich (2000)
Huntington (1997)
Edye (1998)
Swanstrom (1999)
Trus (1997)
Van de Peet (2000)
Schauer (1998)
Altorki (1998)
Williamson (1993)
Geha (2000)
Myers (1995)
Maziak (1998)

0 (0)
0 (0)
0 (0)

8 of 35 (22.9)
7 of 31 (23)

6 (20)
9 of 21 (42)

3 (5)
34 of 120 (28)
7 of 46 (15.2)
21 of 96 (22)

6 of 25 (24)
3 of 22 (13.6)

14 (11.2)
2 (4.9)
0 (0)

3 (5.5) 
0 (0)

5 (2.5)
1 (1)
0 (0)

7 (14.3)
4 (8)

4 of 76 (5.3)
5 of 22 (22.7)
10 of 67 (16)

8 of 18 (44)

3 of 20 (15)

9 of 153 (12)

4 of 25 (16)
3 (7.1)
13 (11)
0 (0)

1 (2.7)
2 of 90 (2.2)

100
100
100
92
86
81
75
73
72
71
69
64
60
60
26
20

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x



chapter 6

135

The overall reported median recurrence rate was 9.1% (range 0–44%) in the 
conventional group versus 7% (range 0–42%) in the laparoscopic group. Median 
follow-up interval for patients operated conventionally was 45 (34–94) months 
versus 17.5 (4–36) months after laparoscopic large HH repair. Recurrence rates 
were notably higher in studies that included radiological follow-up in a large 
percentage of their patients. The median anatomical recurrence rate in studies with 
barium esophagram series at a minimum of three months after large HH repair in 
more than 75% of total patients was 20% (range 0–42%). Studies in which 
barium esophagram series were performed in case of symptoms demonstrated a 
lower recurrence rate, ranging from 0% to 22.7%. These percentages account for 
the laparoscopic group; objective data for patients treated by laparotomy or 
thoracotomy could not be retrieved.

Prosthetic crural reinforcement
Recently, a systematic review was published presenting twenty-three studies on 
large HH repair with or without the use of mesh in the hiatus52. Most of the clinical 
results of crural reinforcement techniques are derived from limited series of 
patients and long term follow-up is lacking. More than ten variations of mesh 
repair in the hiatus are described and no consensus has been reached on the 
appropriate reinforcement procedure after HH repair, if necessary. Only three 
comparative studies have been published of which one was a prospective 
randomised trial. In addition, two of the comparative studies included patients 
with all types of hiatal hernia, and only one focused on large HH repair. Basso et 
al. compared simple and tension-free closures using an onlay piece of 
polypropylene47. Kamolz et al. compared simple closure with a reinforcement 
procedure that put the stitches over a piece of polypropylene covering the hiatal 
closure53. Neither study was randomised; they were merely comparisons of initial 
experiences without mesh with more recent experiences with mesh. They 
demonstrated a reduction in incidence of recurrence after mesh placement, 
without specifi c morbidity (9 versus 0%, n= 65 versus 67 resp.). Frantzides et al. 
published their results of a prospective randomised trial comparing simple closure 
with poly-tetrafl uoroethylene crural reinforcement after large HH repair in cases 
with a hiatus wider than 8 cm46. Recurrences were signifi cantly reduced in this 
series of 72 patients after mesh placement (20 versus 0%) with a mean follow-up 
of 40 months. 
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Antirefl ux procedure
In table 5 the type antirefl ux fundoplication and related number of patients of all 
thirty-two studies are presented. An antirefl ux procedure was performed in 1846 
of a total of 2291 patients (80.6%). The most common fundoplication was the 
Nissen 360° wrap, performed in 54% (n= 997) of patients. The Collis-Nissen 
fundoplication was carried out in 20.6% (n= 380) of patients.
The majority of all studies were of a retrospective character and therefore, 
information on pre- and postoperative GERD symptoms and objective assessment 
by 24 hours pH monitoring was scarce. As part of the preoperative work-up, 24-hr 
pH-metry was performed regularly in ten of the 32 studies. A total of 355 patients 
with GERD related symptoms, scored with validated standard questionnaires, had 
24-hr pH-metry in these ten studies. Abnormal acid exposure was reported in 118 
(52%) patients (> 9% of total refl ux time pH < 4). Postoperative results on 24-hr 
pH monitoring were reported in two studies after laparoscopic large HH repair. In 
both studies all patients had an antirefl ux procedure after repair of the hiatus. In 
the study by Athanasakis et al., all ten patients had standard pre- and 
postoperative 24 hours pH-metry which revealed a mean preoperative DeMeester 
score of 70 versus 10 after laparoscopic large HH repair9. In the next study by 
Swanstrom et al., selectively obtained ambulatory preoperative 24-hr pH-metry 
proved to be abnormal in 80% (18 of 22 in a population of 52) of patients33.
Postoperatively, 31 patients (61%) were examined for acid exposure at a mean of 
8 months. Abnormal results from 24-hr pH testing were detected in 4 (13%), 
although it is unclear whether these patients also were tested preoperatively.

Esophageal lengthening procedure
Indications to perform a Collis procedure after repair of large HH remain 
controversial in most papers, and many authors seem to base their decision to 
perform an additional Collis gastroplasty on intra-operative fi ndings. Uniform 
preoperative assessment protocols for shortened esophagus with esophagram and 
manometry studies in patients with large HH were unavailable in the articles 
evaluated. Esophageal lengthening procedures were performed in eight of the 
32 studies. Pierre et al. report on 113 of 203 patients with a Collis gastroplasty as 
part of their repair31. Conclusions on the effect of an esophageal lengthening 
procedure with regard to recurrence and complication rates could not be drawn. 
Thus, information on a preoperative strategy to unequivocally detect esophageal 
shortening remains unclear in the literature.
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Discussion

Operative management of large HH is associated with signifi cant morbidity 
through laparotomy or thoracotomy11,15,39. This accounts in particular for the 
elderly population in which this disorder is most common. The average patient 
diagnosed with large HH is aged between 60 and 70 years34. The natural history of 
this type of hernia is progressive enlargement of the hiatus and herniation of the 
stomach, which potentially can develop in a large or giant diaphragmatic hernia. 
Despite the fact that patients may be asymptomatic, the development of 
potentially life-threatening complications without surgical intervention is well 
known and has proven to be fatal in 27% of cases14,15,17. Surgical repair has 
therefore been recommended, regardless of symptoms in the individual patient11.
It has been advocated, however, by Stylopoulous et al. that asymptomatic or 
minimally symptomatic large HH can also be monitored by ‘watchful waiting’ in 
stead of prophylactic surgery with a mortality rate of 5.4% of acute operated 
patients16. Additionally, they state that patients with asymptomatic large HH are 
likely to develop symptoms needing emergency surgery in 1.16% of cases. These 
authors therefore advise surgery only in case of progression of symptoms or when 
complications occur.
A greater part of the authors of the studies reviewed report that the laparoscopic 
procedures remain technically demanding and generally require long operations 
because of the size and distorted anatomy of the HH. No explicit difference, 

Table 5

Antirefl ux procedures

Type of fundoplication

Nissen

Toupet

Dor

Belsey Mark IV

Collis-Nissen

Unknown

Other

Number of patients

997

143

14

46

380

229

37



138

however, in operating time between the two approaches could be detected. In our 
opinion, conventional surgery for large HH often is as demanding as the 
laparoscopic technique, mostly due to impaired sight or reach in the upper 
abdomen. For years, large HH were considered as a contra-indication for 
laparoscopic surgery but, up to now, no evidence is available to support this 
contra-indication. The morbidity reported in patients treated by laparotomy or 
thoracotomy exceeded morbidity reported in laparoscopically operated patients. It 
has to be taken into consideration that fi gures on morbidity only give an indication 
since uniformity in describing postoperative complications is lacking. Overall, we 
found a median morbidity rate of 4.3% in the laparoscopic group (22 studies) and 
16.2% in the conventional group (seven studies). In addition, the median hospital 
stay after laparoscopic repair of large HH was shorter than after conventional 
surgery. Nevertheless, these data should be interpreted in the perspective of 
historical changes in hospital stay, since articles on open HH repair were published 
between 1993 and 2004, while articles on laparoscopic HH repair were published 
between 1997 and 2004. 
A well-known complication after large HH repair is recurrent herniation. Due to 
the fact that recurrence does not necessarily implicate return of complaints, 
objective information on the anatomic recurrence rate requires standardised work-
up and follow-up with regular routine barium swallow series up to at least two 
years. No such detailed studies are available as yet. In the present study, follow-up 
was considerably longer for conventional surgery (median 45 months versus 17.5 
months after the laparoscopic technique). Only seven studies assessed long term 
outcome by means of a barium esophagram in a high percentage of patients 
studied at three to 48 months. Hashemi et al. performed a barium esophagram in 
74% of patients undergoing conventional large HH repair at a median of 35 
months and in 77% of patients with laparoscopic repair at a median of 17 
months24. The remaining patients disagreed to radiographic follow-up examination. 
They showed an anatomical HH recurrence in 15% of the open repairs (n=20) and 
42% of the endoscopically operated patients (n=21). Similarly, Andujar et al. 
showed anatomical recurrences in six patients (5%), sliding hernia in 24 (20%) and 
wrap failures in an additional four patients (3.3%) in 120 laparoscopically operated 
patients with routine X-ray series (table 4)2. In this review, conversely, we found a 
higher median recurrence rate in studies reporting outcome after conventional large 
HH repair (9.1% compared to 7.0% following laparoscopic surgery). In general, 
diversity in describing recurrence rates between individual studies may lead to a 
discrepancy between studies who mention anatomical recurrence and those who 
describe symptomatic recurrence. In addition, the number of studies describing 
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recurrence after conventional large HH repair is much smaller, so no precise data 
regarding the recurrence rate are available.
One prospective randomised trial on the use of mesh reinforcement techniques 
after large HH repair has been published46. Although a signifi cant reduction in 
recurrent HH is noted, only two other comparative studies are available as yet. 
Uniformity in the type of reinforcement technique is lacking as several variations in 
the application of mesh for crural repair have been described. The use of prosthetic 
reinforcement of cruroplasty in large HH seems promising and may prevent 
recurrences but this remains a controversial issue as unequivocal evidence is scarce. 
At present, the decision to perform a mesh cruroplasty after repair of the large HH 
is based on clinical experience and further randomised studies on these techniques 
with standardised use of reinforcement techniques are needed to elucidate the 
value of these methods. 
With regard to the additional value of an antirefl ux procedure, no randomised 
controlled trials have been undertaken as yet. An antirefl ux procedure is applied 
routinely by many authors, but frequently without documentation on refl ux and 
refl ux symptoms before and after surgery. In a recent published expert opinion on 
large HH repair by Lal et al., it is stated that a Nissen fundoplication should 
routinely be performed in case of normal esophageal motility54. They advocate 
that, in experienced hands, prolonged operating time and postoperative dysphagia 
after routine fundoplication are of minimal consequence to postoperative 
outcome. Furthermore, they believe that a fundoplication is an effective method to 
prevent postoperative refl ux and affi x the stomach intra-abdominally. Swanstrom 
et al. also advocate routine addition of a fundoplication, because, in their 
perspective, preoperative testing is unreliable for a selective approach due to the 
altered anatomy 33. Casabella et al. promote that the addition of a fundoplication 
prevents the postoperative gastroesophageal refl ux symptoms caused by extensive 
dissection of the esophagus, resulting in damage of the natural lower sphincter 
mechanism38. Though theoretically sound, there is currently no clear objective 
proof for these assumptions and the benefi ts of a routinely performed antirefl ux 
procedure after large HH repair. Additionally, it has been questioned whether a 
fundoplication has to be performed to decrease the recurrence rate, rather than 
whether an antirefl ux procedure is indicated to treat or prevent refl ux8,38. The 
effi cacy of an antirefl ux procedure in preventing recurrent HH, however, seems to 
be based on experts’ opinion and has not been studied prospectively.
Criteria for performing a Collis esophageal lengthening gastroplasty also remain 
controversial, not the least because the existence of short esophagus has 
extensively been debated. Altorki et al. evaluated 52 patients with large HH and 
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reported that in 77% the gastroesophageal junction was positioned in the 
mediastinum, but extensive mobilisation of the esophagus without an additional 
Collis lengthening gastroplasty resulted in good clinical results in 90% of patients1.
Maziak et al. reported the gastroesophageal junction had migrated in the 
mediastinum in 91 of 94 patients with large HH, objectifi ed by 
esophagogastroscopy39. Refl ux esophagitis was found in 34 patients (36%). These 
results, however, were not objectifi ed with X-ray series and 24-hr pH-metry before 
surgery. Recurrent HH with severe symptoms of recurrent refl ux occurred in 2.2% 
of patients. In contrast, Ellis et al. identifi ed only two patients with shortened 
esophagus during 55 large HH repairs13. In a review by Horvath et al. on the 
current insights of shortened esophagus, extensive mediastinal mobilisation of the 
esophagus (type II dissection) before attempting a Collis procedure is advised42.
When a tension-free intra abdominal esophageal length of approximately 2.5 to 3 
cm has been accomplished, no additional esophageal lengthening procedure needs 
to be performed. In general, no uniform absolute criteria have been developed 
that could be retrieved from the literature that in time can be applied prospectively 
to identify patients with shortened esophagus. In that perspective, many surgeons 
will use their personal experience to determine if a Collis gastroplasty has to be 
performed, often during the surgical procedure. This cannot, however, be based on 
evident proof in the literature of a decrease of anatomic recurrence after large HH 
repair accompanied with a Collis procedure.

In conclusion, none of the assigned controversies could be adequately answered by 
reviewing the literature. This might indicate that either the incidence of patients 
with large HH is too low, that the anatomical basis of the disease remains complex 
with regard to different surgical techniques, or that outcome measures are well 
defi ned but underexposed. For this reason, prospective studies including pre- and 
postoperative assessment of refl ux related symptoms, i.e. barium swallow series, 
upper gastrointestinal endoscopy, esophageal manometry and 24-hr pH 
monitoring at standard points in time, should be performed. Therefore, we 
recently started a pilot study on laparoscopic large HH repair with selective use of 
an antirefl ux procedure according to well-defi ned subjective and objective criteria 
including standardised pre- and postoperative work- and follow-up. Ultimately, 
multicentre randomised controlled trials are probably needed to further elucidate 
the aforementioned controversies in large HH repair.
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Introduction

Although large hiatal hernia, or types II-IV hiatal hernia (HH), account for only 5% 
of all HH, they are important to detect because of the potentially life-threatening 
complications such as obstruction, acute dilatation, perforation or bleeding of the 
stomach mucosa1-4. In essence, no conventional options are available for the 
treatment of large HH and surgical repair is recommended for relief of symptoms5.
Surgery with the objective to prevent complications in asymptomatic patients has 
been recommended, but scientifi c studies that compare intra-operative morbidity 
to natural history are scarce3,6. Large HH repair by laparoscopic techniques was 
introduced in 1992 by Cuschieri and is currently practised worldwide7. The 
approach has demonstrated to be feasible and safe in several recent series1,2,8-17.
Nevertheless, controversy continues regarding the surgical approach as several 
reports suggest that the laparoscopic approach for large HH repair may result in a 
higher recurrence rate than in conventional surgery (laparotomy or 
thoracotomy)18,19,20. Robot-assisted minimally invasive surgery is designed to 
perform precise dissection and manipulation in a confi ned operating space such as 
the posterior mediastinum and upper abdomen as in large HH repair21. The 
implementation of robotic surgery to patients suffering from large HH has been 
initiated recently and will be addressed in this chapter.

Pathophysiology of large hiatal hernia

The aetiology of large hiatal hernia is unknown, but because of the increase in 
incidence through life, it is commonly believed that these types of hernia are 
acquired rather than being congenital abnormalities3. The phrenicoesophageal 
membrane normally surrounds the lower esophagus and fi xes it to the diaphragm, 
preventing gastric herniation through the esophageal hiatus into the thorax. When 
the phrenicoesophageal membrane is defi cient, an axial gastric herniation may 
develop in the thoracic cavity. Currently, it is thought that eventually large HH 
results from progression of a type I hiatal hernia. Progressive weakening and 
stretching of the phrenicoesophageal membrane and concomitant weakening and 
enlargement of the diaphragmatic hiatus are key factors in large HH formation. 
This situation leads to progressive herniation of the stomach into the posterior 
mediastinum. Furthermore, some experts suggest that increased pressure in the 
abdomen from coughing, straining, pregnancy and delivery, or substantial weight 
gain may contribute to the development of a large HH10. Large hiatal hernia 
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usually occur in elderly people and account for 5% to 10% of all hiatal hernia23-25.
When the lower esophageal sphincter is located within the thorax (type III HH), its 
reinforcement of the diaphragmatic crus is loosened and allows gastroesophageal 
refl ux of acid contents that may predispose to refl ux-related symptoms. 
Paraesophageal herniation (type II HH) occurs when the fundus of the stomach 
herniates alongside the esophagus into the chest. Paraesophageal hernia tend to be 
large, yet patients with these hernias may have no symptoms. Upon detailed 
questioning, however, most patients report some symptoms attributable to their 
hernia. Typical symptoms include chest pain, epigastric discomfort, shortness of 
breath, postprandial discomfort, nausea, vomiting, weight loss, esophageal refl ux 
and anaemia. Overall, patients with large HH may develop life-threatening 
complications, including intrathoracic incarceration of the stomach with 
accompanying obstruction, strangulation and ischemia, decreased pulmonary 
reserve and severe bleeding3-6,26.

Surgical repair or conservative treatment
Historically, surgical repair has been indicated for patients with large HH regardless 
of whether they have related symptoms. The suggestion was that large HH left 
untreated resulted in serious complications in 30% to 45% of patients, and 
mortality rates of up to 50% have been reported among these patients. Recently, 
several authors have questioned the need for repair in a truly asymptomatic 
patient as recent papers have documented a much lower incidence. Allen et al. 
followed 23 patients with a large HH for a median of 78 months with none 
developing complications. Stylopoulous et al. demonstrated that asymptomatic or 
minimally symptomatic large HH can also be monitored by ‘watchful waiting’ in 
stead of prophylactic surgery with a mortality rate of 5.4% of acute operated 
patients. Additionally, they state that patients with asymptomatic large HH are 
likely to develop symptoms needing emergency surgery in 1.16% of cases. These 
authors therefore advise surgery only in case of progression of symptoms or when 
complications occur.
Our current practice is to offer laparoscopic surgical repair to patients with 
symptomatic hernia, but to refrain from surgical treatment in patients with 
asymptomatic hernia.



148

Special anatomical considerations

The essential basics of large HH treatment are complete excision of the peritoneal 
sac from the mediastinum, reduction of herniated stomach and the most distal 
esophagus into the abdominal cavity, followed by repair of the diaphragm 
hiatus24,27,28.
There has been persistent controversy regarding the optimal surgical treatment of 
large HH. Therapeutic debates occur about the approach to repair (laparoscopic, 
conventional transabdominal or transthoracic)1,2,8-20,22,25,29-33, the need for an 
associated additional antirefl ux procedure23,34-38 and fi nally the assessment of 
esophageal length12,15,16,35,39-42. Considerable interest in the laparoscopic repair of 
large HH has grown over the last decade although this technique is known for its 
unique technical diffi culties and the steep learning curve associated with the 
procedure. In addition, the presence of a pneumoperitoneum and its subsequent 
displacement of the diaphragm to a more cephalad position make the interoperate 
assessment of esophageal length more diffi cult. Finally, the dissection of the hernia 
sac and mobilisation of the esophagus in the mediastinum can be quite challenging 
as this has to be performed in a relatively small space with, in case of a standard 
laparoscopic procedure, ergonomically awkward instruments. 

Diagnosis and assessment

Symptoms
A thorough medical history is essential for the diagnostic process on large HH. 
Usually a patient with a relatively small HH has few symptoms and when 
complaints arise the defects tend to be large. The type II HH may be completely 
asymptomatic and reach a large size without the patient’s awareness of disabling 
symptoms. Therefore, it is suggested that if the distal esophageal sphincter 
maintains its intra-abdominal location, usually no associated symptoms of 
gastroesophageal refl ux occur. When patients present with symptoms, there 
frequently is a long history of postprandial discomfort, substernal fullness and 
belching. True dysphagia, however, is an uncommon solitarily complaint. 
Pulmonary complications are frequent such as recurrent pneumonia and dyspnoea 
after a large meal due to pleural space compression by the hernia sac and 
contents. Anaemia can be seen as a result of ulceration of the herniated stomach 
with resultant bleeding. Furthermore, large HH are feared for their known life-
threatening complications. The herniated stomach with or without concomitant 
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viscera can result in incarceration, obstruction, torsion, gangrene, and perforation. 
The most feared and lethal complication is gastric volvulus with strangulation 
which usually occurs postprandially. This is a true surgical emergency if the 
stomach cannot be decompressed. The stomach becomes twisted and angulated in 
its midportion just proximal to the antrum. The most prominent manifestations are 
severe pain and the inability to swallow or regurgitate.

Diagnosis
When a large HH is suspected after an extensive medical history assessment, 
barium esophagram series is the most appropriate fi rst step in the common 
sequence for the diagnosis of large HH. Esophageal barium radiography in the 
unobstructed patient brings helpful information on the presence and the type of 
the hernia and the passage of barium to the stomach. When the diagnosis is 
established, a fl exible esophagogastroscopy is carried out to provide additional 
information of the location of the gastroesophageal junction in relation to the 
diaphragm, to rule out any other causes of dysphagia and to determine whether 
refl ux esophagitis is present.
Whether or not an antirefl ux procedure after repair of the large HH is necessary 
remains an ongoing controversial aspect of this type of surgery. No uniform 
preoperative criteria exist to determine whether an additional antirefl ux procedure 
has to be carried out, nor does agreement exist about the preoperative work-up. 
Therefore, the authors have the opinion that if preoperative gastroesophageal 
refl ux exists, an antirefl ux procedure has to accompany the HH repair and that in 
case of absence of gastroesophageal refl ux, only posterior crural repair will 
suffi ciently resolve the patient’s complaints. We therefore always perform an 
esophagogastroscopy followed by esophageal manometry and 24-hr pH 
monitoring to objectively determine gastroesophageal refl ux disease. If one of 
these two assessments is positive for gastroesophageal refl ux disease, accompanied 
with symptoms suggestive for refl ux, an antirefl ux procedure seems justifi ed. 

Conservative treatment

Diaphragmatic hernias are among the most common abnormalities of the 
gastrointestinal tract43. Approximately 90% of patients with sliding hiatal hernias 
respond favourably to diet advices and antisecretory drug therapy. These type I 
HH are therefore treated conservatively in most cases, HH repair and an antirefl ux 
procedure is indicated in objectively proven severe gastroesophageal refl ux disease. 
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Furthermore, surgical therapy may be indicated in refractory gastroesophageal 
refl ux disease or on request by young patients44. Operative management of types 
II-IV large HH is associated with signifi cant morbidity through laparotomy or 
thoracotomy4,45. This accounts in particular for the elderly population in which this 
disorder is most common. Despite the fact that patients may be asymptomatic, the 
development of potentially life-threatening complications without surgical 
intervention is well known and has proven to be fatal in 27% of cases6. Surgical 
repair has therefore been recommended, regardless of symptoms in the individual 
patient but this is becoming a topic of discussion as mentioned in paragraph two.

Surgical treatment of large hiatal hernia

Because patients with paraesophageal hernias tend to be old, they often have 
signifi cant comorbid conditions. For this reason, a minimally invasive approach can 
be particularly benefi cial, reducing postoperative pain and the length of 
hospitalisation and convalescence21.
The alternatives, thoracotomy or laparotomy, result in signifi cant morbidity and 
postoperative discomfort and require extensive postoperative rehabilitation. 
Patients stay in the hospital for seven to ten days on average after a thoracotomy 
or laparotomy, whereas most patients are discharged on the third to fi fth day after 
a laparoscopic repair. Patients also return to full function more quickly after 
laparoscopic repair than with the more invasive alternatives. 
In a recent review by the authors, a greater part of the studies reviewed report that 
the laparoscopic procedures remain technically demanding and generally require 
long operations because of the size and distorted anatomy of the HH46. No explicit 
difference, however, in operating time between the two approaches could be 
detected. In our opinion, conventional surgery for large HH often is as demanding 
as the laparoscopic technique, mostly due to impaired sight or reach in the upper 
abdomen and thorax through a midline incision. For years, large HH were 
considered as a contra-indication for laparoscopic surgery but up to now no 
evidence is available to support this contra-indication. When comparing series, the 
morbidity reported in patients treated by laparotomy or thoracotomy appears to 
exceed morbidity reported in laparoscopically operated patients. Hereby, it has to 
be taken into consideration that fi gures on morbidity only give an indication since 
uniformity in describing postoperative complications and level one or two 
randomised studies are lacking. Overall, a median morbidity rate of 4.3% in the 
laparoscopic group (22 studies) and 16.2% in the conventional group (seven 
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studies) was found. In addition, the median hospital stay after laparoscopic repair 
of large HH appeared to be shorter than after conventional surgery. 

Indications for robotic surgery

Indications for robot-assisted laparoscopic large HH repair are based on the same 
criteria as those for the standard laparoscopic procedure. Overall, laparoscopy has 
gained acceptance as the preferred method of large HH repair after its introduction 
in 1992. Several studies have demonstrated the feasibility and safety of this 
technique as well as a lower morbidity and mortality with this approach. A well 
known complication of large HH repair, however, is recurrent herniation19,39,45. In 
well described series this was found in up to 42% of patients after laparoscopic 
repair. Due to the fact that recurrence does not necessarily implicate return of 
complaints, objective information on the anatomic recurrence rate requires 
standardised work-up and follow-up with regular routine barium swallow series up 
to at least two years. No such detailed studies are available as yet as most reports 
do not include barium esophagrams routinely in their follow-up to identify 
asymptomatic recurrences. Studies reporting on robot-assisted laparoscopic repair 
of large HH have not been published up till now. In our institute, every patient 
with a large HH who will receive elective repair of the hernia will be operated 
laparoscopically with assistance of the robotic system. This surgical tool provides an 
enhancement in both visualisation and manipulation which have been found to be 
of great signifi cance in dissecting the hernia sac, mobilisation of the esophagus in 
the posterior mediastinum and posterior crural repair. Patients with these disorders 
can be operated with standard laparoscopic equipment but the authors believe 
that robot-assisted repair may optimise the anatomic result and therefore may 
prevent the risk on postoperative recurrence. These assertions, however, are the 
authors subjective opinions based on a four years experience. Objective evidence 
on the possible superiority of robot-assistance in large HH repair over the standard 
laparoscopic procedure has to support these assumptions.   
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The development of robotic surgery for large hiatal 
hernia

Standard laparoscopy for the repair of small and large HH has been described 
elaborately in several series. In these studies the feasibility and safety of the 
minimally approach have been demonstrated. However, all studies report on the 
technically pitfalls of large HH repair, especially in the dissection of the hernia sac 
and esophageal mobilisation in large grade III-IV HH. Recurrence rates differ 
considerably in the different series, and it has to be taken in account that suffi cient 
radiologic follow-up in a representative number of patients has only been carried 
out in a small subset of studies on laparoscopic large HH repair. Randomised 
comparisons between laparoscopic and open large HH repair have not been 
published.
The use of robotic systems in large HH repair may hypothetically result in a more 
accurate dissection and posterior crural repair as a result of three dimensional view 
and the increase in degrees of freedom of the robotic instruments. Therefore, the 
authors decided, after an extensive training program on animal and human 
subjects ranging from relatively simple laparoscopic procedures to complex 
endoscopic surgery, to apply a robotic system in large HH repair in the University 
Medical Centre Utrecht. Up till now, no articles focusing on robot-assisted 
laparoscopic large HH repair have been published so the results obtained can only 
be compared with the results of the standard laparoscopic approach in the 
literature. 

The operating room set-up

Patients are placed in a reverse Trendelenburg position with their legs abducted 45 
degrees at the hip (fi gure 1). Five ports are used in all procedures (fi gure 2) as in a 
standard laparoscopic Nissen fundoplication. In a few cases a sixth port (5-mm) is 
necessary to present the area of interest. A 12-mm port hosts the camera and two 
8-mm ports facilitate the robotic instruments. The camera and robotic instrument 
ports are positioned in a triangular fashion with a minimum of eight cm space 
between the ports to avoid collisions of the robotic arms and camera arm. Ports for 
assistance and exposition are positioned in the area between the camera and the 
robotic arm ports, slightly more distal from the target. The robot is positioned and 
connected, coming cranially from the patient (fi gure 3). The robotic console is 
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positioned three to four meters from the sterile fi eld, necessitating communication 
between the operating surgeon and assistant through wireless communication 
headsets. All procedures are performed in a dedicated operating-room in which 
the surgical cart (with monitor, insuffl ator, ultrasonic dissection generator, light 
source, camera unit and focus control and synchroniser) is integrated in the room. 
In the University Medical Centre Utrecht all robot-assisted laparoscopic large HH 
repairs are performed by one experienced laparoscopic surgeon (IB) and one 
experienced surgical assistant at the tableside in addition.

Figure 1

Positioning of the patient in robot-assisted laparoscopic large HH repair (reverse 

Trendelenburg with 45 degrees abducted legs).
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Figure 2

Positioning of the robotic camera port, 8-mm robotic instrument ports and standard 

laparoscopic assistance ports for robot-assisted large HH hernia repair. 

Figure 3

Set-up and positioning of the operating team in relation to the ports and robotic cart in 

robot-assisted laparoscopic large hiatal hernia repair. 
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Operative Details

A nasogastric tube is placed to fully decompress the stomach. Pneumoperitoneum 
is established using an open technique at the umbilicus and a blunt-tip disposable 
12-mm port is introduced. The abdomen is insuffl ated to a carbon dioxide pressure 
level of 12 mm Hg. A forward oblique telescope (30 degrees) is used in all 
procedures. Two robotic assistance ports of 8-mm are placed under direct vision 
lateral to the camera port, halfway the umbilicus and the anterior superior iliac 
spine. Finally, two 12-mm assistance ports are placed just between the robotic 
assistance ports and the camera port. These ports can be used for conventional 
laparoscopic assistance, such as liver retraction, suction, traction and clipping. The 
surgical cart is positioned cranial to the patient and the robotic arms are connected 
with the 8-mm robotic ports and camera port respectively. 
Using a ‘Cadiere’ type grasper in through the left and an electro cautery hook 
through the right robotic port, the herniated stomach is reduced as much as 
possible by applying gentle traction (fi gure 4). Dissection of the hernia sac is 
commenced along the left branch of the right crus, separating the sac from the 
mediastinal structures and pleura using sharp and blunt dissection (fi gure 5). Care 
is taken to identify and preserve the vagal nerves. Adhesions between the stomach 
and intrathoracic structures are divided using monopolar electro cautery. The 
hernia sac is excised to fully expose the edges of the gastroesophageal junction, 
with the sac left attached to the cardia. Then, an extensive esophageal mobilisation 
from the posterior mediastinum is carried out to obtain suffi cient intra-abdominal 
esophageal length, i.e. a minimum of three cm (fi gure 6). In our experience, with 
careful but extensive mobilisation no Collis gastroplasty has been necessary to 
lengthen the distal esophagus. If preoperative tests and/or clinical assessment 
dictate the need for an additional antirefl ux procedure, a window is created 
behind the esophagus at this stage. Posterior crural repair is then performed with 
two to seven non-resorbable sutures (fi gure 7). We do not apply mesh 
reinforcement of the crura. If necessary, a loose Nissen fundoplication or 270 
degrees Toupet fundoplication is created dividing the short gastric vessels with a 
robotic ultrasonic forceps (fi gure 8). Furthermore, a three point fi xation of the 
wrap to the esophagus and diaphragm is performed to prevent the wrap from 
migrating or slipping. The fascia defect in the camera port site is closed with 
absorbable sutures. The nasogastric tube is left in place overnight in all patients for 
prolonged stomach decompression.
On the fi rst postoperative day, patients are given oral liquids so the diet can 
rapidly be advanced to normal, based on patients’ well-being. The patients are 
discharged after being mobilised completely. 
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Figure 5

Dissection of the hernia sac from the posterior mediastinum using sharp and blunt 

dissection.

Figure 4

Restoration of the gastroesophageal anatomy. The stomach and any other organs are 

reduced in the abdomen as much as possible. 
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Figure 6

Mobilisation of the esophagus from the posterior mediastinum. A minimum of three 

cm of intra-abdominal esophageal length is needed to prevent postoperative recurrence 

of the HH. 

Figure 7

Posterior crural repair.
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Summary

This chapter on robot-assisted large HH repair has underlined the technical 
concepts of the robot-assisted approach to these disorders. Even with the support 
of the robotic system, however, these procedures remain technically challenging 
predominantly in dissecting the hernia sac from the posterior mediastinum. 
Furthermore, patients with large HH usually are not in an optimal condition and 
have considerable comorbidities indicating that these patients are at risk for 
developing postoperative complications. A well-known complication after large 
HH repair is recurrent herniation. Due to the fact that recurrence of the HH may be 
asymptomatic, objective long-term information on the anatomic recurrence rate is 
required that is obtained with protocolised radiological work- and follow-up. 
Because these studies are lacking, patients routinely undergo barium esophagram 
series at one year after surgery in our institute to determine the anatomic outcome 
of the large HH repairs. We experienced an anatomical recurrence rate of 12.5% 
but, due to the lack in uniformity of describing anatomical recurrences in literature, 
no criteria are known of accepted recurrence rates after large HH repair. Surgical 
robotic systems may reduce postoperative recurrence rates due to more precision 
in dissecting the hernia sac, mobilising the esophagus and performing the 
hiatoplasty. Studies supporting this assumption however, have not been published 
up till now. Therefore, further study’s of these relatively new tools in complex 
laparoscopic procedures as large HH repair are undertaken to determine if robotic 
systems objectively are of additive value in these procedures. 

Figure 8

Construction of a Nissen fundoplication in case of preoperatively demonstrated co-

existing gastroesophageal refl ux disease. The short gastric vessels are divided with 

ultrasonic dissection and the wrap is approximated with three non-absorbable sutures. 
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Abstract

Background
Studies reporting on the recurrence rate after laparoscopic repair of large hiatal 
hernia (HH), including anatomical asymptomatic recurrence, are scarce. This 
prospective cohort study evaluated symptomatic and objective outcome of robot-
assisted laparoscopic HH repair up to more than one year after surgery.

Methods
From January 2002 to January 2006, forty consecutive patients with a large HH 
(type II; 2, type III; 25, type IV; 13) underwent laparoscopic HH repair with 
support of the da VinciTM robotic system. A prospective cohort study was 
performed on operating times, blood loss, intra- and postoperative complications, 
symptomatic outcome and anatomical recurrence rate at a minimum of one year 
after surgery.

Results
Median age at time of operation was 61 years (33-82) and median body mass 
index 27.1 (22.5-42). Median operating time was 127 minutes (80-210) and 
median blood loss was 50 ml (0-700). Conversion to laparotomy was necessary in 
four patients (10%) for inadequate exposure. Postoperative complications occurred 
in fi ve patients (12.5%). Pneumonia was diagnosed in two patients, two 
developed cardiac failure and one patient experienced symptoms of delayed 
gastric emptying. Furthermore, three patients were reoperated within one week 
after surgery, one for a strangulated hernia through the midline trocar incision, one 
for complete recurrence due to suture rupture and one for esophageal leakage. 
Median hospital stay was 4.5 days (2-39). Thirty-two patients were eligible for 
mid-term follow-up (median 18 months) with barium esophagram series. Four 
patients showed anatomical abnormalities (12.5%). Three of these patients were 
reoperated. At one year after surgery, 91% of patients claimed to be satisfi ed with 
their postoperative result.

Conclusion
Robot-assisted laparoscopic HH repair proved to be an effective technique with a 
relatively low mid-term recurrence rate in this prospective series. The operating 
team experienced the support of the robotic system as benefi cial, especially in the 
dissection of the hernia sac and extensive crural repair. 
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Introduction

Hiatal hernia (HH) is a common disorder in Western countries with an increasing 
frequency with age and occurring more often in women than in men1. HH is 
characterised by a protrusion of the stomach into the thoracic cavity through a 
widening of the right crus of the diaphragm. Four anatomic patterns of hiatal 
hernia have been described2. Sliding or type I hernia, in which the 
gastroesophageal junction migrates into the thorax, is the most common type 
(95%). The less common types of hiatal hernia, types II, III, and IV, are varieties of 
“paraesophageal” hernia which account for up to 5% of all hiatal hernia. In type II 
HH, the gastroesophageal junction remains at or near the diaphragm and the 
fundus of the stomach migrates into the chest alongside the esophagus. Type III 
HH have elements of both types I and II. With progressive enlargement of the 
hernia through the hiatus, the phrenoesophageal membrane stretches, displacing 
the gastroesophageal junction above the diaphragm, thereby adding a sliding 
element to the type II hernia. Type IV HH is associated with a large defect in the 
phrenoesophageal membrane, allowing other organs, such as the colon or spleen 
to enter the hernia sac. Surgical repair used to be advised with the objective to 
prevent complications1. Recently, however, surgeons have advocated an 
expectative policy for asymptomatic patients3.
Large HH repair (type II-IV) by laparoscopic techniques was introduced in 1992 
and has become increasingly popular since then4. The approach has demonstrated 
to be safe in several recent series but is known for its technical diffi culties and a 
considerable learning curve associated with the procedure5,6. The presence of a 
pneumoperitoneum and its subsequent displacement of the diaphragm to a more 
cephalad position make the interoperate assessment of esophageal length more 
diffi cult. Additionally, the dissection of the hernia sac and mobilisation of the 
esophagus in the mediastinum can be challenging as this has to be performed in a 
relatively confi ned space with, in case of a standard laparoscopic procedure, 
ergonomically awkward instruments. Robot-assisted minimally invasive surgery is 
designed to perform precise dissection and manipulation in a confi ned operating 
space such as the posterior mediastinum and upper abdomen7. Studies focussing 
on the outcome after large HH repair with support of robotic systems, however, 
are lacking.
Furthermore, controversy continues regarding the surgical approach as various 
reports suggest that after laparoscopic approach for large HH repair may result in a 
higher recurrence rate than after conventional surgery8,9. Studies with standardised 
symptomatic and radiological evaluation of laparoscopic repair of large HH in a 
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representative percentage of patients are however scarce. Therefore, the 
anatomical recurrence rate after laparoscopic large HH repair remains ambiguous.
This study focussed on mid-term clinical outcomes after robot-assisted laparoscopic 
repair of large HH and the likelihood of anatomical recurrences.

Patients and Methods

Between January 2002 and January 2006, forty patients underwent robot-assisted 
laparoscopic repair of a large (type II, III or IV) hiatal hernia. Patients referred for 
elective repair were evaluated by medical history, physical examination and 
barium esophagram series. Furthermore, patients with gastroesophageal refl ux 
symptoms underwent preoperative upper endoscopy and esophageal manometry 
and 24-hr pH monitoring. Clinical data including preoperative work-up, intra- and 
postoperative course as well as follow-up at a minimum of one year after surgery 
were collected prospectively. 

Surgical technique 
In the University Medical Centre Utrecht all robot-assisted laparoscopic HH repairs 
were performed by an experienced laparoscopic surgeon (IB) with adequate 
additional skills in robot-assisted surgery (da Vinci™ surgical system, Intuitive 
Surgical, Goleta, Ca, USA).
A nasogastric tube was placed to fully decompress the stomach. 
Pneumoperitoneum was established using an open technique in the upper 
abdominal midline using a blunt-tip disposable 12-mm port. The abdomen was 
insuffl ated to a carbon dioxide pressure level of 12 mm Hg. A forward oblique 
telescope (30 degrees) was used in all procedures. Two robotic assistance ports of 
8-mm were placed under direct vision lateral to the camera port, halfway the 
umbilicus and the anterior superior iliac spine (fi gure 1). Finally, two 12-mm 
assistance ports were placed just between the robotic assistance ports and the 
camera port. These ports were used for conventional laparoscopic assistance, such 
as liver retraction, suction, traction and clipping. The surgical cart was then 
positioned cranial to the patient and the robotic arms were connected with the
8-mm robotic ports and camera port respectively. Using a ‘Cadiere’ type grasper 
through the left and an electrocautery hook through the right robotic port, the 
herniated stomach was reduced as much as possible by applying gentle traction. 
Dissection of the hernia sac was commenced along the left branch of the right crus, 
separating the sac from the mediastinal structures and pleura using sharp and blunt 
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dissection. Care was taken to identify and preserve the vagal nerves. The hernia sac 
was excised to fully expose the edges of the gastroesophageal junction, with the sac 
left attached to the cardia. Then, an extensive esophageal mobilisation from the 
posterior mediastinum was carried out to obtain suffi cient intra-abdominal 
esophageal length with a minimum of four cm.
If clinical assessment and subsequent preoperative tests dictated the need for an 
additional antirefl ux procedure, a window was created behind the esophagus at this 
stage. Posterior crural repair was then performed with three to seven non-resorbable 
sutures. We did not apply mesh reinforcement of the crura. If gastroesophageal 
refl ux disease was demonstrated by preoperative 24-hr pH monitoring, a loose 
Nissen fundoplication or 270 degrees Toupet fundoplication was created after 
dividing the short gastric vessels with a robotic ultrasonic forceps (SonoSurg, 
Olympus, Hamburg, Germany). Furthermore, a three point fi xation of the wrap to 
the esophagus and diaphragm was created to prevent the wrap from migrating or 
slipping. The fascia defect in the camera port site was closed with absorbable 
sutures. The nasogastric tube was left in place overnight in all patients for prolonged 
stomach decompression. On the fi rst postoperative day, patients were given oral 
liquids and the diet was rapidly advanced to normal, based on patients’ well-being. 
The patients were discharged after being mobilised completely.
Robotic system set-up time, intra- and postoperative complications, blood loss, 
operating time and hospital stay were collected for each patient. 

Follow-up
General symptomatic results were obtained by a standardised symptom 
questionnaire comprising the gastroesophageal refl ux disease health related 
quality-of-life score (GERD-HRQoL, possible range 0 [best] – 45 [worst]) to all 
patients at three months and one year after surgery. This questionnaire consists of 
nine GERD specifi c items that have to be scored according to a system combining 
severity and frequency. Pre- and postoperative quality-of-life was assessed using a 
visual analogue scale (VAS). In addition, patients compared their present with their 
preoperative symptoms and indicated this as resolved, improved, unchanged or 
worsened according to the Visick grading system. Furthermore, the usage of 
antisecretory and prokinetic drugs was assessed.
Patients at a minimum of one year follow-up were requested to undergo barium 
esophagram series to determine the postoperative objective results and to detect 
anatomical recurrences. When symptoms of gastroesophageal refl ux were present 
after surgery, upper endoscopy and/or combined esophageal manometry and
24-hr pH monitoring were performed to objectify these symptoms.  
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Statistical analysis
All statistical analyses were performed using SPSS® version 12.0.1 (SPSS Inc., 
Chicago, Illinois, USA). Data are expressed as median (range). The Mann-Whitney 
U test was used for non-parametric data and a two-tailed t-test for parametric 
data. Fisher’s exact test and χ2 tests were used to determine the signifi cance of 
differences within contingency tables. Data were considered signifi cant if P <0.05. 

Results

Between January 2002 and January 2006, forty consecutive patients underwent 
robot-assisted laparoscopic HH repair. Only patients undergoing elective repair 
were included. Baseline patient demographics and preoperative symptoms are 
listed in table 1. The subsequent classifi cation of HH according to barium 

Figure 1

Placement of endoscopic ports in robot-assisted laparoscopic HH repair
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esophagram series is also shown in table 1. All patients were symptomatic with 
dysphagia or retrosternal discomfort as predominant symptoms. Three patients had 
refl ux symptoms as the only presenting symptom and ten experienced refl ux 
symptoms as part of their symptom complex. Pathological esophageal acid 
exposure was objectifi ed in ten of these patients (25%). Refl ux esophagitis was 
identifi ed in nine patients (22.5%). All patients with objectifi ed pathological 
gastroesophageal refl ux underwent hernia repair with a concomitant antirefl ux 
procedure to prevent postoperative refl ux symptoms. Co-morbidities were 
common in this elderly population, with 47.5% of patients demonstrating 
American Society of Anaesthesiologists classifi cation 3 or 4. 

Intra-operative and postoperative course
All HH repairs were attempted laparoscopically with support of the da Vinci™ 
robotic system. Four procedures (10%) were converted to an open procedure, 
three due to hepatomegaly and subsequent impaired sight and another for 
inadequate esophageal mobilisation in the mediastinum. Median operating time 

Table 1

Patient characteristics and preoperative symptoms (n=40)

Age (years) *

Gender (male / female)

Body Mass Index (cm/kg²)*

Preoperative symptoms (n)

   - Dysphagia

   - Retrosternal discomfort or pain

   - Anaemia

   - Heartburn

Hiatal hernia classifi cation on esophagram 

series and/or upper endoscopy (n)

   - II (‘True paraesophageal hernia’)

   - III (‘Mixed type’)

   - IV (‘Giant hiatal hernia’)

60.5 (33-82)

15 / 25

27.1 (22.5-42.0)

35

33

8

10

2

25

13

* Values are given as medians (range) unless otherwise stated
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was 125 minutes (80-210). All patients underwent full excision of the hernia sac, 
extensive esophageal mobilisation and posterior crural repair. Additionally, a 360-
degrees Nissen fundoplication was created in ten patients, a 270-degrees Toupet 
fundoplication in two and a 180-degrees anterior Dor fundoplication in one 
patient, in all cases because of documented gastroesophageal refl ux disease by 
medical history, upper endoscopy and esophageal 24-hr pH monitoring. In our 
experience, with careful but extensive esophageal mobilisation no Collis 
gastroplasty has been necessary to lengthen the distal esophagus. General 
operative results and postoperative complications are presented in table 1. 
Intraoperative complications occurred in two patients (5%), one liver laceration 
and one esophageal perforation. Both could be managed without conversion to 
conventional surgery. Median blood loss was 50 ml (0-700). 
Early postoperative complications occurred in fi ve patients (12.5%). Two patients 
developed pneumonia, one cardiac arrhythmia and another temporary congestive 
heart failure. Delayed gastric emptying was encountered in one additional patient 
which could adequately be treated with prokinetic drugs. Furthermore, three 
patients had to be reoperated during 30-days follow-up (7.5%). One patient had a 
strangulated hernia through the midline trocar incision that necessitated 
explorative laparotomy. Another patient with esophageal mucosal perforation 
during the initial procedure needed reoperation for drainage and open repair of 
the defect. In the last patient an early recurrence of the HH was observed caused 
by a dehiscence of the hiatoplasty that was treated by conventional repair. No 
patients died and median hospital stay was 4.5 days (2-39). 

Symptomatic outcome
Short-term symptomatic follow-up was completed in all patients and results at one 
year after surgery could be obtained in 32 patients (80%) as the remaining patients 
did not reach one year at the time of analysis. Results of general quality-of-life, as 
well as disease specifi c outcome are listed in table 3. No signifi cant differences were 
detected between symptomatic parameters obtained three months and one year 
after surgery. At one year after surgery, fi ve of 32 patients reported intermittent or 
daily symptoms of dysphagia (15.6%) without associated weight loss. Of these fi ve, 
three patients underwent an antirefl ux procedure in accordance with objectifi ed 
gastroesophageal refl ux disease at the time of HH repair. Preoperative manometry 
was performed in four of these patients, demonstrating normal esophageal 
peristalsis in all. So far, no additional treatment has been necessary for these 
patients. Antisecretory drugs (proton pump inhibitors and/or H2-blockers) were used 
on occasion or routinely by eight patients after surgery (20%), six after HH repair 
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Table 2

Perioperative aspects

Antirefl ux fundoplication (n)

   - None

   - Nissen 360°

   - Toupet 270°

   - Dor 180°

Conversion (n, %)

Blood loss (ml)*

Operation time (min)*

Hospital stay (days)*

27

10

2

1

4 (10%)

50 (0-700)

127 (80-210)

4.5 (2-39)

* Results are presented in median (range) unless otherwise stated

Table 3

Symptomatic outcome at three months and one year after surgery for large HH

3 months after

surgery (n=40)

One year after

surgery (n=32)

General quality-of-life (VAS score 0-100)*

Increase in general quality-of-life (% of

   preoperative)

GERD-HRQoL score

Dysphagia (n, %)

Self-rated change in symptoms as

   compared to preoperative state

   - Resolved (n)

   - Improved (n)

   - Unchanged (n)

   - Worsened (n)

Satisfi ed with outcome (n, %)

45.0 (13-85) 

67.8%

2.5

4 (10%)

12

20

6

2

36 (90%)

60.0 (15-99)

48.3%

4.2

5 (15.6%)

10

18

3

1

29 (91%)

* Values are given as median (range) unless otherwise stated
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without and two after HH repair with a concomitant antirefl ux procedure. Overall, 
91% of patients were satisfi ed with their postoperative outcome at one year after 
surgery with symptoms being either absent or easy to control and of mild 
disturbance to their lives. Furthermore, 87.5% of patients reported to have 
undergone the operation again if they had the same problem. 

Anatomical results
Thirty-two patients were eligible for mid-term objective follow-up with barium 
esophagram series. Median time to follow-up was 18 months (11-51). Anatomical 
abnormalities were seen in four patients (4/32, 12.5%). In two patients an 
anatomical recurrence of the HH was demonstrated, in another a partial herniation 
of the Toupet fundoplication was noticed and in the fourth patient a diaphragm 
rupture was encountered next to the intact curoplasty with recurrent herniation of 
gastric fundus during reoperation. Three patients had reoperation for late 
recurrences of the HH (3/32, 9.4%) with a median time to reoperation of 12 
months (8-36). Two patients underwent a Belsey Mark IV procedure for their 
recurrent HH and one patient had robot-assisted laparoscopic repair of the 
diaphragm rupture with mesh augmentation. 

Discussion

This prospective cohort study focussed on symptomatic outcome of robot-assisted 
laparoscopic repair of large hiatal hernia as well as anatomical results by 
radiological follow-up. Satisfactory outcome was demonstrated in the majority of 
patients and a promising recurrence rate was seen after at least one year after 
surgery. Furthermore, this is the fi rst cohort study on results of robot-assistance in 
laparoscopic HH repair in a representative series of patients with this relatively rare 
disorder. 
Surgical intervention for large HH should be considered when patients develop 
hindering symptoms or when complications occur10,11. At present, it seems justifi ed 
to propose surgery for patients with symptomatic large HH based on well-
documented studies describing a watchful waiting approach for asymptomatic 
patients3,12. As these disorders mainly occur in an elderly population with 
associated co-morbidities and higher risk of complications and prolonged 
recovery13, only symptomatic patients were operated in the present study. Large 
hiatal hernia, i.e. type II-IV HH, are increasingly being operated by laparoscopic 
techniques with the potential to lower the surgical complication rate and to reduce 
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the recovery period14-18. Several studies have been published describing the 
technical feasibility of laparoscopic HH repair in centres with extensive experience 
in laparoscopic surgery19-21.
Although this minimally invasive approach appears to be an attractive strategy, 
recurrence rates after laparoscopic HH repair remain controversial as several cohort 
and comparative studies have advocated that this approach appears to be 
accompanied by more anatomical and symptomatic recurrences6,9,22-24. In a recent 
review on this type of surgery by our group, recurrence rates varied from 0–42% 
in studies with a representative amount of patients who underwent both 
symptomatic and radiological follow-up (median time to follow-up 18 months)12.
Hashemi et al. performed a barium esophagram in 74% of patients undergoing 
conventional HH repair at a median of 35 months and in 77% of patients with 
laparoscopic repair at a median of 17 months9. Anatomical recurrence rates were 
15% versus 42% respectively. Similarly, Aly et al. followed 60% of their 100 
patients who underwent laparoscopic large HH repair by contrast radiology at a 
median of four years after surgery5. Eighteen patients with radiological recurrences 
were detected (30%) of which one third appeared asymptomatic. 
Other authors, however, describe a lower recurrence rate12. It has to be taken into 
consideration, however, that several studies only describe symptomatic recurrences 
whereas others present detailed anatomical results obtained by routine barium 
esophagram series after surgery. In the present study, an anatomical recurrence 
rate of 12.5% was demonstrated in 32 patients with routine barium radiological 
follow-up at one year after surgery. This rate is comparable to most studies 
describing anatomical results in a representative percentage of their participants, 
although it has to be taken into account that this recurrence rate may be infl uenced 
by the learning curve of the surgeon involved. Although all procedures in this 
study were performed by an experienced senior surgeon, it subjectively was felt 
that experience in surgical technique increased considerably during this series. 
Regarding postoperative morbidity, a total of eight patients (20%) developed 
minor or major complications leading to either surgical or non-surgical 
management. This is, despite the minimally invasive approach, not exceptional in 
an elderly population with considerable co-morbidities25.
Laparoscopic HH repair has extensively been described as a technically demanding 
procedure in which the complete dissection of the hernia sac and cruroplasty can 
be identifi ed as the most complicated but essential parts of the procedure26,27.
Robotic systems may be of additional value in this type of procedure as a 3-
dimensional view is constructed with consequent enhancement of the visual 
capabilities in the upper abdomen and restoration of the normal working axis. 
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More importantly, robotic instruments are provided with seven degrees of freedom 
resulting in an improvement of manoeuvrability. Theoretically, the benefi ts of using 
robotic systems in large HH repair may eventually result in low recurrence rates as 
dissection of the hernia sac, esophageal mobilisation in the posterior mediastinum 
and cruroplasty may be performed more accurately. We suppose that results 
described in this study show potential as experience in this technique will increase 
with growing patient population. Comparative studies on robot-assisted versus 
standard laparoscopic large HH repair, however, will have to be awaited to provide 
evidence of potential benefi ts of robot assistance in this type of surgery.
Another signifi cant and unresolved issue in laparoscopic HH repair is the tailored 
or routine addition of an antirefl ux procedure after repair of the HH2,28. In our 
opinion, a selective approach relies on an accurate assessment of refl ux before 
surgery by upper endoscopy and esophageal 24-hr pH monitoring. Studies 
describing results of a selective application of an antirefl ux procedure are 
inconclusive and therefore, our current approach is to perform a Nissen 
fundoplication only in patients in whom gastroesophageal refl ux disease has 
objectively been demonstrated. This strategy is now part of a pilot study on this 
tailored inclusion of a fundoplication in our hospital.

In conclusion, this study has demonstrated that robot-assisted laparoscopic HH 
repair including complete reduction of the hernia sac, suture cruroplasty and 
fundoplication is feasible, effective and can be achieved with low morbidity. The 
procedure is accompanied with satisfactory symptomatic and anatomical 
radiological outcome up to at least one year after surgery. Therefore, we will 
continue to expand our patient series with adequate follow-up by contrast 
radiology to further elucidate the recurrence rate and robotic technology in 
laparoscopic HH repair.
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Abstract

Background
There is an ongoing discussion about the indication and status of an antirefl ux 
procedure for patients with large type II-IV hiatal hernia (HH) repair. Patients who 
have demonstrated concomitant gastroesophageal refl ux disease (GERD) generally 
benefi t from an antirefl ux procedure, whereas a dilemma exists for patients who 
have dyspeptic symptoms only. Theoretically, a randomised controlled trial could 
answer this question. The purpose of this pilot study was to decide upon whether a 
randomised trial regarding this subject is necessary. 

Methods
Patients with a demonstrated symptomatic type II-IV HH underwent symptomatic 
and objective assessment for co-existing GERD by standardised questionnaires, 
upper endoscopy, esophageal manometry and 24-hr pH monitoring before and 
after surgery. A robot-assisted laparoscopic HH repair was undertaken and the 
addition of a Nissen fundoplication was only performed in those patients with 
documented GERD. 

Results
Between March 2004 and December 2005, twenty patients with a large type II 
(n=1), III (n=12) or IV (n=7) HH enrolled the study protocol and operated 
without mortality. GERD was demonstrated in eight patients (40%) after 
preoperative subjective and objective assessment. One procedure was converted to 
open surgery (5%) due to diffi cult exposure. Esophageal perforation, needing 
reoperation, occurred in another patient. After surgery, refl ux symptoms were 
present in one patient after HH repair without and in two with fundoplication. 
Troublesome dysphagia was encountered in one patient after HH repair without 
fundoplication. Overall, dysphagia was not reduced signifi cantly after both 
strategies and satisfaction with postoperative results was achieved in about 85% of 
patients. Total median esophageal acid exposure (% of time with pH < 4) 
decreased after HH repair with Nissen fundoplication (P=0.01) and was not 
affected in those without fundoplication. Asymptomatic GERD was seen in one 
patient after large HH repair without fundoplication (8%).  
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Conclusion
Laparoscopic large HH repair with selective addition of Nissen fundoplication in 
case of documented GERD seems a reasonable approach in terms of safety and 
effectiveness. This pilot study has shown that, to really answer the question about 
routine or tailored antirefl ux procedures after HH repair in patients with and 
without GERD, a very large and unrealistic randomised controlled trial should be 
performed.  

Introduction

Laparoscopic Nissen fundoplication has become the surgical treatment of choice 
for refractory gastroesophageal refl ux disease (GERD) in combination with a type I 
hiatal hernia (HH)1-3. For large HH (types II-IV), however, the surgical strategy has 
not been fully clarifi ed4.
Certain surgical criteria have been established for the repair of large HH, such as 
complete hernia sac reduction, thorough esophageal mobilisation from the 
mediastinum and posterior cruroplasty5,6. Controversy persists, however, regarding 
the appropriate use of antirefl ux procedures to prevent gastroesophageal refl ux 
disease (GERD) after surgery or to prevent recurrent herniation7. Some argue that 
restoring the gastroesophageal anatomy is accompanied by insuffi ciency of the 
lower esophageal sphincter, leading to GERD symptoms after surgery because 
dissection of the distal esophagus interferes with lower esophageal sphincter 
function. They therefore plead for routine addition of a Nissen fundoplication after 
large HH repair8,9. Others argue against such an approach because of the 
complexity of performing a Nissen fundoplication under diffi cult anatomical 
circumstances10-12.
Due to a scarcity of studies reporting systematic, both subjective and objective, 
analyses of GERD in patients with large HH, there is no evidence for a tailored 
approach to antirefl ux procedures in patients with large HH. Some authors 
selectively perform an antirefl ux procedure after HH repair because of the, in their 
opinion, low risk of postoperative GERD after restoration of the gastroesophageal 
anatomy, but the basis for selection is not well documented. It is generally 
accepted that patients with a large HH and GERD need an antirefl ux procedure 
after hernia repair9,13. Evidence that patients without preoperatively proven GERD 
also need antirefl ux procedures is, however, lacking. Furthermore, it has been 
suggested that an antirefl ux procedure may have a role in buttressing the repair 
and prevent hernia recurrence by attaching the stomach intra-abdominally7,14.
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Although anatomically understandable, here again evidence is lacking. 
The purpose of this pilot study was to evaluate the necessity and feasibility of a 
randomised controlled trial on routine Nissen fundoplication after repair of large 
type II-IV HH by evaluating the anatomic, symptomatic and objective outcome 
after surgery. 

Patients and Methods

Study design
Patients with a type II-IV HH were considered for enrolment in the study protocol. 
Informed consent was obtained from all participating patients. The diagnosis was 
confi rmed with barium esophagram series. Exclusion criteria included previous 
abdominal surgery. The study protocol is presented in fi gure 1. GERD was 
determined to be present if two or three of the work-up components were 
indicating the presence of this disorder. At six months after surgery, both 
symptomatic and objective analyses, including barium esophagram series, were 
repeated. Patients with demonstrated GERD and subsequent HH repair with 
construction of an antirefl ux procedure served as a control group in this study to 
evaluate postoperative outcome in these patients. The study was approved by the 
Medical Ethics Committee.

Symptomatic assessment
Four refl ux related symptoms associated with GERD were evaluated in all patients, 
i.e. retrosternal heartburn (usually related to meals, bending or a supine position), 
provocation of retrosternal pain by irritating liquids, regurgitation and nocturnal 
cough, hoarseness or sore throat. Furthermore, patients were asked to fi ll out 
standardised questionnaires containing the GERD-HRQoL (GERD health related 
quality-of-life form, possible range 0 [best] – 45 [worst]), EORTC QLQ-OES-24 
(focusing on frequency and severity of dysphagia, possible range 0-100) and a 
visual analogue scale (VAS) on general quality-of-life (possible range 0-100). The 
change in quality-of-life was also compared with baseline, measured on a four-
point scale that ranges from “resolved” to “worsened” (Visick grading scale). 
Symptomatic assessment was determined as indicative for GERD if at least two of 
the aforementioned refl ux related symptoms were present. The questionnaires 
merely served as validated standards to quantify and compare refl ux symptoms 
before and at six months after surgery.
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Objective assessment
Objective work-up consisted of upper endoscopy and combined esophageal 
manometry and 24-hr pH monitoring. These tests were attempted in all patients 
and repeated six months after surgery to evaluate anatomical and functional 
results of the hernia repair as part of the study protocol.
Upper endoscopy was performed by senior gastroenterologists to evaluate 
esophagitis and the presence or absence of (recurrent) HH. Refl ux esophagitis was 
graded according to the Los Angeles classifi cation (grade A-D)15. If refl ux 

Figure 1

Flow chart patient work- and follow-up

Follow-up at six months after surgery:
1. Standardised questionnaires
2. Barium esophagram series
3. Upper endoscopy
4. Esophageal manometry and 24-hr pH monitoring

Work-up:
1. Medical history and standardised questionnaires
2. Upper endoscopy
3. Esophageal manometry and 24-hr pH monitoring

Diagnosis of large HH by 
barium esophagram series

GERD absent
 (< 2 of above work-up 

components indicative for GERD)

GERD present
(2-3 of above work-up 

components indicative for GERD)

Laparoscopic large HH repair 
without Nissen fundoplication

Laparoscopic large HH repair 
with Nissen fundoplication
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esophagitis grade A or higher was present, endoscopy was positive for the 
diagnosis of GERD.
Standard esophageal manometry was performed using a water-perfused system 
with a multiple-lumen catheter with an incorporated sleeve sensor (Dentsleeve Pty 
Ltd, Adelaide, Australia) to assess distal esophageal, gastroesophageal junction and 
proximal stomach pressures. Mean end-expiratory LES pressure and intraluminal 
esophageal pressures in response to 10 standardised wet swallows were recorded 
at 5, 10 and 15 cm above the upper margin of the LES. The end-expiratory gastric 
baseline pressure served as the zero reference point. The LES relaxation was judged 
to be normal if a residual pressure of less than 1.4 kPa (10.5 mmHg) was 
measured.
Immediately after esophageal manometry, patients underwent 24-hr pH 
monitoring while having suspended antisecretory drugs for at least three days. 
Intraluminal esophageal pH was measured using a pH glass electrode (model 
LOT440, Medical Instruments Corporation, Solothurn, Switzerland) positioned at 
5 cm above the proximal margin of the gastroesophageal junction. All data were 
stored in a digital data logger (Medical Measurements Systems, Enschede, the 
Netherlands). Experienced refl ux symptoms during the monitoring period were 
registered by pressing a button on the data logger as well by writing them in a 
diary. The percentage of time with pH below 4 was calculated for total recording 
time, time in upright and time in supine position. Refl ux was considered abnormal 
when the percentage of time with pH below 4 for total time was > 5.78%, upright 
time > 8.15% and supine time > 3.45%16. When esophageal manometry and 24-
hr pH monitoring failed or appeared to be unreliable because of anatomical 
obstruction, the combination of symptomatic assessment and upper endoscopy 
had to confi rm or rule out GERD. 

Operative procedure
All patients were operated laparoscopically with support of the da Vinci™ robotic 
system (Intuitive Surgical, Goleta, Ca, USA) by a senior surgeon with substantial 
experience in both laparoscopic and robot-assisted laparoscopic gastroesophageal 
surgery (IB). The operative technique for laparoscopic repair of large HH entailed 
dissection of the peritoneal hernia sac from the mediastinum en reduction of its 
contents into the abdominal cavity. After reduction, the sac was not routinely 
excised but usually left positioned below the gastric cardia or eventual 
fundoplication. After complete exposure of the right crus and thorough esophageal 
mobilisation from the posterior mediastinum, the hiatus was narrowed using 
interrupted non-absorbable sutures. Neither pledgets nor mesh were used for any 



chapter 9

185

of the repairs and no esophageal lengthening procedures were performed. In case 
of preoperatively demonstrated GERD according to the study protocol, proximal 
short gastric vessels were ligated to completely mobilise the gastric fundus using 
ultrasonic dissection (SonoSurg, Olympus, Hamburg, Germany). A fl oppy 360° 
Nissen fundoplication of 3-4 cm was then constructed with three non-absorbable 
stitches.

Outcome measures
The primary endpoints of this study were incidence of GERD and incidence of 
dysphagia, as determined by both symptomatic and objective evaluation. 
Secondary endpoints included perioperative data, postoperative LES pressure, 
anatomical recurrence rate and general quality of life scores.  

Statistical analysis
Values are presented as median (range) for continuous variables. SPSS version 12.0.1 
(SPSS, Chicago, Illinois, USA) was used for all analyses. The two-tailed Mann-
Whitney U test was used to determine the signifi cance of differences for continuous 
data and the χ2 test for nominal variables, with signifi cance at P values <0.05.

Results

Between March 2004 and January 2006, twenty consecutive patients with a large 
type II, III or IV hiatal hernia enrolled the study protocol. The diagnosis was 
confi rmed by barium esophagram series in all patients. Baseline patient 
characteristics are presented in table 1. Type 3 HH (‘mixed type’) was the most 
common form of HH in 60% of patients. 
All patients underwent symptomatic assessment of their symptoms. Symptoms 
were most commonly related to (partial) gastric obstruction, as manifested by 
postprandial epigastric or substernal discomfort or pain in 16 patients (80%), 
dysphagia in 13 (65%) or anaemia in two patients (10%). Symptoms of 
gastroesophageal refl ux disease, as scored according to the study protocol, were 
present in a total of ten patients (50%) who at least had two of four refl ux 
symptoms, i.e. heartburn, regurgitation, provocation of complaints by irritating 
liquids or nocturnal cough. 
Objective evaluation of GERD was performed in all patients and is presented in 
table 2. In one patient, both manometry and 24-hr pH monitoring were not 
feasible because of esophageal obstruction due to a large type III HH. Another 



186

patient refused 24-hr pH monitoring after problematic esophageal manometry. The 
combination of symptomatic and objective preoperative assessment of refl ux 
symptoms revealed that in eight patients (40%) two or more of these studies were 
indicative for the presence of GERD. They therefore were proposed for laparoscopic 
repair of their HH followed by construction of a 360° Nissen fundoplication. The 
other 12 patients did not fulfi l these criteria and thus underwent hernia repair only. 

Operative and perioperative course
In all patients, a robot-assisted laparoscopic large HH repair was attempted. One 
patient was converted to open surgery (5%) due to hepatomegaly and subsequent 
impaired sight. An esophageal perforation occurred in one patient during surgery 
which could be managed laparoscopically. Median operating time was 120 
minutes (90-180) for patients who underwent HH repair only and 130 minutes 
(80-165) for patients with HH repair and Nissen fundoplication (P=0.65). Median 
blood loss also did not differ signifi cantly, 50 ml (5-150) and 50 (10-500) ml 
respectively. Early postoperative complications occurred in two patients, one in 
each group. One patient developed temporary cardiac arrhythmia after HH repair 
with Nissen fundoplication. In another patient undergoing HH repair without 
fundoplication, an intraoperative esophageal perforation needed reoperation for 

Table 1

Baseline characteristics of participating patients 

Characteristics

Age at enrolment (years)#

Male / female (n) 

Weight (kg)#

Length (m)#

BMI (kg/m²)#

Classifi cation of HH according to barium 

esophagram series (n)

   - Type II

   - Type III 

   - Type IV

61 (42-79)

10 / 10

84 (60-111)

1.73 (1.48-1.97)

27.1 (23.4-40.1)

1

12

7

# Values in median (range), HH; hiatal hernia
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drainage and exploration of the defect. No patients died and the median hospital 
stay was 3.5 days (2-33) after HH repair only and 4.5 (3-12) days after HH repair 
with fundoplication (P=0.43).

Table 2

Preoperative objective work-up in patients undergoing robot-assisted laparoscopic HH 

repair with and without Nissen fundoplication

Laparoscopic HH repair 

without fundoplication 

(n=12)

Laparoscopic HH repair 

with fundoplication 

(n=8)

P-

value

Upper endoscopy

Refl ux esophagitis (n)

   - None

   - ≥ Grade A†

8

4

4

4

NS

NS

Esophageal manometry

LES pressure#

LES relaxation pressure#

Peristaltic esophageal

   contractions ≥ 80% (n)

1.2 (0.4-4.6)

0.5 (0.0-2.0)

8

0.7 (0.0-1.8)

0.2 (0.0-1.0)

5

NS

NS

NS

24-hr pH monitoring

Total acid exposure time

   with pH < 4 (%)#

   - > 5.78% (n)

4.2 (0.5-10.7)

5

12.2 (7.8-24.0)

7

0.03

NS

# Values in median (range)
† esophagitis classifi ed according to Los Angeles classifi cation. 
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Postoperative evaluation
All but two patients returned symptom questionnaires at six months (90%). Results 
of both general state of health (VAS) and disease specifi c evaluation (symptom 
questionnaires) are presented in table 3. General quality-of-life improved 
signifi cantly in both groups. The self-rated change in symptoms as compared to the 
preoperative state was reported as cured or improved in ten (83%) patients after 
HH repair without and in seven patients after HH repair with Nissen 
fundoplication (87.5%). Refl ux symptoms were present in one patient after HH 
repair without (8.3%) and in two after HH repair with fundoplication (25%). 
These patients used proton pump inhibitors on a regulatory basis with favourable 
outcome in all but one who had undergone repair of a large type III hernia with 
Nissen fundoplication. Troublesome dysphagia was encountered in one patient 
after HH repair without fundoplication although dysphagia scores (EORTC-OES24, 
table 3) did not reduce signifi cantly after surgery for both groups. 
Upper endoscopy was performed in a total of eighteen patients (90%). One 
patient after HH repair without fundoplication was physically unable to undergo 
this test and the other patient (with fundoplication) refused. After HH repair 
without fundoplication, two patients with refl ux esophagitis were encountered. In 
one patient grade A esophagitis was diagnosed, which was already present before 
surgery. Another patient did not have esophagitis prior to surgery but developed 
grade B esophagitis postoperatively. Both patients, however, did not have 
accompanying refl ux symptoms and were satisfi ed with their surgical outcome. 
Following HH repair with fundoplication, two patients had esophagitis. These 
patients were diagnosed with respectively grade A and D esophagitis before 
surgery. These conditions demonstrated to be unchanged in both patients at six 
months after surgery. No recurrence of herniation was reported in these patients. 
Esophageal manometry and 24-hr pH monitoring were performed in a total of 17 
patients (85%). Results of both tests are presented in table 4. Two patients after 
HH repair without and one with fundoplication refused this investigation due to 
either physical inability or anxiety. Median LES pressure and LES relaxation 
pressure did not increase signifi cantly after surgery. Total median esophageal acid 
exposure (% of time with pH < 4) decreased signifi cantly after HH repair with 
Nissen fundoplication (P=0.01). Values of total esophageal acid exposure of 
patients with and without abnormal acid exposure who underwent large HH repair 
without Nissen fundoplication both before and after surgery are depicted in 
fi gures 2 and 3. Of these patients, postoperative abnormal acid exposure after 
surgery was seen in one (8.3%). This was the same patient who developed grade B 
esophagitis after surgery, while devoid of any refl ux related symptoms at six 
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months after surgery. In retrospect, this patient did not fulfi l the criteria for GERD 
at preoperative evaluation and therefore underwent hernia repair only. No patients 
without preoperative abnormal esophageal acid exposure developed this condition 
after surgery. 

Table 3

Effect of robot-assisted laparoscopic repair large HH repair with and without Nissen 

fundoplication on symptoms and quality-of-life

Laparoscopic HH repair 

without fundoplication 

(n=12)

Laparoscopic HH repair 

with fundoplication 

(n=8)

Before After Before After

General quality-of-life

   (VAS score 0-100)*

GERD related symptoms (n)

   - ≥ 2 of 4 GERD symptoms 

Refl ux and dysphagia

   questionnaires

   - GERD-HRQoL score (GERD)†

   - EORTC-OES24 (Dysphagia)†

39 (27-76)

3

2

7.16 (0.2)

49.7 (0.8)

62 (13-85)

1

0

3.3 (2.0)

44.2 (0.7)

22 (8-60)

8

8

14.9 (0.6)

53.8 (1.0)

55 (32-81)

1

0

1.7 (2.0)

41.0 (0.7)

# Values in median (range)
† Values in mean (SD)

VAS; Visual Analogue Scale, GERD; gastroesophageal refl ux disease, HH; hiatal hernia
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Table 4

Effect of robot-assisted laparoscopic repair large HH repair with and without Nissen 

fundoplication on upper endoscopy, esophageal manometry and 24-hr pH monitoring 

Laparoscopic HH 

repair without 

fundoplication

Laparoscopic HH 

repair with 

fundoplication

P-

value

Upper endoscopy

Refl ux esophagitis (n)†

n=11

2

n=7

2 NS

Esophageal manometry n=10 n=7

LES pressure#

LES relaxation pressure#

Peristaltic esophageal contractions 

≥ 80% (n)

1.3 (0.3-1.7)

0.1 (0-1.0)

6

1.6 (0.6-2.4)

0.3 (0.1-1.0)

5

NS

NS

NS

24-hr pH monitoring

Total acid exposure time with

pH < 4 (%)#

   -  > 5.78% (n)

n=10

1.9 (0.1-17.7)

1

n=7

0.6 (0-2.0)

0

NS

# Values in median (range), †esophagitis classifi ed according to Los Angeles 

classifi cation. 
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Figure 2

Effect of robot-assisted laparoscopic large HH repair, without Nissen fundoplication, on 

total esophageal acid exposure (% of time with pH < 4) in patients with abnormal acid 

exposure but without GERD (n=5)
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Figure 3

Effect of robot-assisted laparoscopic large HH repair, without Nissen fundoplication, on 

total esophageal acid exposure (% of time with pH < 4) in patients without abnormal 

acid exposure and GERD (n=5)
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Recurrence rate and reintervention
Of the twenty patients, eighteen patients underwent barium esophagram series at 
3-6 months after surgery. Anatomical abnormalities were seen in two patients 
(11%) which had to be treated by surgical reintervention in both patients at eight 
and twelve months after the primary repair respectively. A diaphragm rupture next 
to the intact curoplasty with recurrent herniation of gastric fundus was encountered 
during reoperation in one patient with troublesome dysphagia after HH repair 
without fundoplication. He underwent a robot-assisted laparoscopic repair of the 
diaphragm rupture with mesh augmentation. The other patient underwent a 
Belsey Mark IV procedure for a recurrent symptomatic HH after initial successful 
repair with construction of a Nissen fundoplication due to demonstrated GERD. 
Satisfactory results were achieved in both patients after reintervention. 
Furthermore, one patient underwent correction of an incisional hernia at the 
camera port site (1/20, 5%).

Discussion

This prospective pilot study was designed to fi nd out whether a randomised 
controlled trial should be performed to decide upon the need for routine addition 
of a Nissen fundoplication after repair of a large HH. Three key questions were 
addressed in this study. First, the complexity of performing a Nissen fundoplication 
after HH repair was investigated and, second, this study evaluated if the 
combination of reposition, resection of the hernia sac and closure of the crural 
diaphragm is prone to induce refl ux. Finally, it was questioned whether a selective 
approach causes harm to those who get a Nissen fundoplication in case of co-
existing GERD, or leads to undertreatment in patients without GERD.
Some surgeons are reluctant to add an antirefl ux procedure as it adds time and 
complexity to the procedure and may lead to postoperative complications7,11,12.
Restoration of the anatomy, esophageal mobilisation and crural repair, in their 
view, is suffi cient to prevent refl ux symptoms and fundoplication-associated 
dysphagia. In this small series, no specifi c technical problems were encountered on 
performing HH repair with and without Nissen fundoplication and the conversion 
rate was low. Apparently, with a well-described technique and an experienced 
team, it is feasible to perform a laparoscopic Nissen fundoplication after HH repair. 
The suggestion made by several authors that an antirefl ux procedure might be 
useful to guarantee the subdiaphragmatic position of the stomach, thereby 
potentially reducing the risk of recurrence7,14, could neither be confi rmed nor 



chapter 9

193

rejected in this study, since the fi gures are too small to draw this type of 
conclusions. The recurrence rate of 11% in this study is in line with results reported 
in the literature17-19.
With regard to the induction of refl ux, pathological acid exposure was induced in 
none of the patients who neither had symptoms nor excessive acid exposure of the 
distal esophagus before surgery. Moreover, the “function” on the esophagogastric 
junction was improved in approximately 50% of these patients, because acid 
exposure decreased after surgery. Apparently, the argument that anatomical repair 
only is bound to induce refl ux due to interruption of the natural synergy between 
diaphragm and LES, as stated by several authors, is not supported by the results of 
this pilot study13,20,21. Furthermore, several other authors state that the majority of 
patients with large HH have refl ux as their presenting symptoms and this, in 
combination with their experience that esophageal manometry and pH-metry can 
not be reliably performed, leads them to propose a fundoplication in all patients7,8.
In our experience, however, esophageal manometry and 24-hr pH monitoring 
could be completed in 90% of patients with a large HH.
In this study we have observed that about 85% of the patients with GERD 
symptoms do have pathological pH profi les and that in patients without manifest 
GERD symptoms excessive acid exposure to the distal esophagus is present in about 
40%. Although these latter patients were asymptomatic for refl ux symptoms, four 
had refl ux esophagitis prior to surgery. Three of these patients were cured after HH 
repair with fundoplication. One patient after HH repair without fundoplication 
newly developed grade B esophagitis with persistent abnormal esophageal acid 
exposure, but responded well to proton pump inhibitors. In this group of patients, 
this one patient could potentially have benefi ted from routine addition of a Nissen 
fundoplication (8%). Troublesome dysphagia is observed in about 7% of patients 
after laparoscopic Nissen fundoplication, often needing dilatation or reoperation2,3.
This should be balanced out by the potential cure or prevention of refl ux in 
presumably 8% of patients with HH repair, knowing that most of these elderly 
patients will respond to treatment with antisecretory drugs.
Newly induced symptomatic GERD and troublesome dysphagia would be the most 
obvious primary endpoints of a randomised controlled trial. Overall, satisfactory 
symptomatic outcome was achieved in 85% of patients after both strategies. One 
patient reached GERD as such a primary endpoint (5%). A randomised controlled 
trial to confi rm the selective approach, adopted in this pilot study, could mean 
randomisation for the whole group of patients with type II-IV hernia. This would 
lead to withholding Nissen fundoplication in 50% of patients with documented 
GERD, which is ethically unacceptable. To lower the incidence of (recurrent) GERD 
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after HH repair from 8% to 5% or to reduce the anatomical recurrence rate from 
10% to 5%, would need up to 12000 patients. In such a study, troublesome 
dysphagia will occur in about 7% of patients who are randomised for a Nissen 
fundoplication. Apart from the impossibility to conduct an accurate trial on this 
rare disorder, ethical comments can also be raised for the group of patients with 
large HH without refl ux, because of the risk of dysphagia. Moreover, when taking 
into consideration that 40% of patients with a large HH do not suffer from 
concomitant GERD, but that it needs subjective and objective evaluation to defi ne 
this subgroup, a well-powered randomised controlled trial would need even more 
patients with a type II-IV HH to conclusively study the need for routine Nissen 
fundoplication.
Generally, this pilot study demonstrated that, with selective addition of a Nissen 
fundoplication, 85% short-term success can be obtained, if success is defi ned as 
subjective cure from symptoms with objective restoration of the gastroesophageal 
anatomy and normalisation of esophageal acid exposure. Since the whole group of 
patients with type II-IV hiatal hernia can be divided into those with and those 
without GERD, a selective approach as described in this pilot study is satisfactory 
and pragmatic.

In conclusion, this pilot study has demonstrated that laparoscopic HH repair 
without Nissen fundoplication can be performed safely with low risk on 
postoperative GERD or dysphagia. This study has shown that the strategy adopted 
lends no support to a randomised controlled trial to investigate the pros and cons 
of routine addition of a Nissen fundoplication after repair of type II-IV HH. 
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The studies presented in this thesis have addressed the current status of 
conventional and minimally invasive techniques for esophageal surgery, especially 
gastroesophageal refl ux disease (GERD) and large types II-IV hiatal hernias (HH). 
Emphasis was put on the long-term durability of laparoscopic Nissen 
fundoplication for refractory GERD, cost-effectiveness of this minimally invasive 
approach and the potential advantages of robot-assistance. Next, results of redo 
antirefl ux surgery for failed antirefl ux surgery were evaluated and, fi nally, the 
present literature on large HH repair was analysed in anticipation of three studies 
addressing new strategies for the repair of these disorders. In this thesis it has been 
attempted to provide evidence and new insights into the surgical treatment of 
refractory GERD, reoperative antirefl ux surgery and large HH repair in order to 
elucidate some of the persistent debatable aspects of these benign esophageal 
disorders. 

Chapter 1 offers a general introduction in the anatomical and pathophysiological 
background of gastroesophageal refl ux disease and large hiatal hernias. 
Furthermore, the current position of endoscopic techniques in the surgical 
management of these disorders, as well as the incentives for and aims of the 
studies presented in this thesis are outlined. 

Primary and redo antirefl ux surgery

Nissen fundoplication is an established technique for the surgical treatment of 
GERD for patients who are refractory for antisecretory drugs or who refuse to 
endure lifelong medical treatment1,2. Conventional Nissen fundoplication obtains 
excellent long-term results in 85-90% of patients up to ten years after surgery and 
several studies have reported on comparable symptomatic and objective results 
after laparoscopic Nissen fundoplication (LNF)3-7. The long-term durability of LNF, 
however, has been questioned in the recent literature regarding a possible decline 
in postoperative outcome and an increasing need for antisecretory drugs8. We 
therefore conducted a study on laparoscopic versus conventional Nissen 
fundoplication with a follow-up of at least fi ve years. The results of this study are 
presented in Chapter 2. Participating patients originated from a randomised 
controlled trial which was conducted in the Netherlands between 1997 and 1999 
(Manchet I trial). Both symptomatic and objective parameters were used to 
determine the long-term outcome of both conventional and laparoscopic Nissen 
fundoplication. No differences between both techniques were detected at 3-6 months 
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and fi ve years after surgery. Thus, LNF is the surgical treatment of choice for 
refractory GERD based on well documented advantages of the laparoscopic 
technique. Furthermore, medication use and surgical reintervention rate were 
similar after both techniques. Surprisingly, no relation was found between daily 
medication use and recurrence of refl ux disease. This indicates that usage of 
antisecretory drugs often was not based on objective evaluation of symptoms. 
Although LNF has proved to provide equal results compared to conventional 
Nissen fundoplication9-13, additional assessment of cost-effectiveness at both 
institutional and social-economic levels is important to frame clinical policy 
decisions14-17. Because studies describing cost-effectiveness of laparoscopic and 
conventional Nissen fundoplication are limited and suffer from methodological 
fl aws, an analysis of costs associated with both procedures was initiated. LNF is 
known for its distinct learning curve18 which appeared to infl uence the results of 
the Manchet I study and therefore, the Manchet II study, a prospective cohort 
study on 121 patients undergoing LNF by experienced laparoscopic surgeons, was 
analysed in the cost-effectiveness study as well to eliminate the effect of an 
eventual learning curve. Chapter 3 describes the results of this cost-effectiveness 
analysis in both the randomised clinical trial and the consecutive follow-up study 
on LNF. Operating time, reoperation rate and hospitalisation costs after LNF in the 
Manchet II trial were lower than in the initial randomised study but, regarding 
cost-effectiveness, LNF resulted in higher costs, i.e. the conventional approach 
appeared the dominant strategy. However, patients did not resume their paid work 
for nearly two and a half months after uncomplicated fundoplication with only 
twelve days in favour of the laparoscopic procedure in the consecutive cohort 
study. A cost reduction of 998 € or lessening of the mean number of sick leave 
days after LNF from 67.2 to below 61.1 days would cancel out any cost advantage 
of open surgery. Therefore, this study has demonstrated that higher costs of LNF 
may be neutralised when patients are treated in a well organised and expert 
setting and if return to work is accelerated.
Robotic systems in LNF have been introduced in the late nineties with the objective 
to overcome the technical limitations of standard laparoscopic surgery19,20.
Although the purpose of using robot-assistance in laparoscopic surgery is to 
improve patient outcomes, studies comparing standard with robot-assisted 
approaches are limited. In Chapter 4 a randomised controlled trial is presented 
comparing perioperative, symptomatic and functional results of robot-assisted 
versus standard LNF. No short-term differences were detected in any of these 
parameters. These results indicate that, based on the results of this study, robot-
assistance is not likely to be benefi cial for the patient in LNF at short term. These 
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fi ndings support our opinion that the use of robotic systems should be
preserved for high complex laparoscopic procedures with the current technology 
and costs. 
Surgical reintervention after antirefl ux surgery for GERD is reported in 3-6% of 
patients but the cause of failure is not easily detected21-23. Mechanisms of 
anatomical and functional failure after primary antirefl ux surgery are not fully 
understood and symptomatic and objective outcome of patients having underwent 
reoperative antirefl ux surgery are scarcely described. Chapter 5 presents a study on 
130 patients having undergone surgical reintervention because of failed antirefl ux 
surgery for GERD during 1994 and 2005 in the University Medical Centre Utrecht. 
Patients were operated upon by either a thoracic (i.e. Belsey Mark IV 
fundoplication) or abdominal approach (including Nissen- and partial 
fundoplications). Indications for reoperation comprised recurrent GERD in 
approximately 65% of patients and troublesome dysphagia in 35%. An anatomical 
substrate explaining the failure was encountered in 90% of patients. After a mean 
follow-up of 60.1 ± 37.2 months, symptoms were absent or signifi cantly 
improved in 70% of patients. Esophageal acid exposure was normalised in 70.2% 
of patients who underwent reoperation for recurrent refl ux at follow-up. In this 
group of patients, there was a signifi cant correlation between acid refl ux and usage 
of proton pump inhibitors. In contrast to those who needed a thoracotomy, 
objective results were better in patients with dysphagia who had a laparotomy and 
correlated with the decrease in lower esophageal sphincter pressure. This study 
therefore concludes that surgical reintervention for failed antirefl ux surgery yields 
good symptomatic and objective results in 70% of patients but that morbidity is 
far from negligible so expectations should be discussed in detail before 
reoperation.

Large hiatal hernia repair

Although the fi eld of laparoscopic repair of large HH is relatively unexplored, 
several studies have addressed the feasibility of minimally invasive techniques for 
these disorders24-30. Chapter 6 describes a systematic review on the currently 
available literature on both conventional and laparoscopic large HH repair. We 
focussed on recurrence rate, prosthetic reinforcement of the cruroplasty and the 
necessity of antirefl ux and esophageal lengthening procedures. A total number of 
1525 laparoscopic and 766 conventional large HH repairs from thirty-two, mostly 
retrospective, studies were analysed. No differences in operating times but higher 
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morbidity rates after conventional surgery were detected. In contrast to several 
published studies suggesting that laparoscopic large HH repair may be 
accompanied by higher recurrence rates, median recurrence rate demonstrated to 
be higher after conventional large HH repair in this review (9.1% compared to 
7.0% following laparoscopic surgery). A confounding factor in analysing these 
recurrences of HH in the literature, however, was the diversity in studies describing 
anatomical or symptomatic recurrence only. General conclusions regarding 
recurrent anatomical HH after primary laparoscopic or conventional repair could 
therefore not be drawn. When appraising the evidence for mesh reinforcement 
techniques after large HH repair, one randomised study was found demonstrating 
a possible reduction of recurrences after mesh augmentation of the cruroplasty. 
Still, uniformity in the type of reinforcement technique is lacking as several 
variations in the application of mesh for crural repair have been described. The 
additional value of antirefl ux fundoplications and esophageal lengthening 
procedures after large HH repair also remained controversial31,32. The decision of 
performing these techniques to either prevent postoperative refl ux or recurrent HH 
currently seems to be based on expert’s opinion and has not been studied 
prospectively. This systematic review therefore concludes that none of the four 
persistent controversies in large HH repair could be adequately be elucidated by 
analysing the available literature and that further prospective studies are necessary 
on these pivotal topics. 
The Intuitive Surgical da Vinci™ robotic system was introduced in 2000 in the 
University Medical Centre Utrecht. Since then, a step-by-step learning program was 
developed with increasing complexity of procedures in order to gain experience 
with the system and to explore which operations could benefi t from these tools. 
Robot-assisted laparoscopic HH repair is one of the surgical procedures during 
which robot-assistance is experienced as highly valuable and therefore, the 
potential merits of these systems were explored in this thesis. In Chapter 7 the 
implementation of robotic surgery for patients suffering from large HH is explained 
in relation to the anatomy and pathophysiology of these disorders. The rationale 
for choosing robot-assistance in these technically demanding procedures is 
illustrated in this chapter, next to operating room set-up and surgical technique. 
Our hypothesis was that the use of surgical robotic systems may reduce 
postoperative recurrence rates due to more precision in dissecting the hernia sac, 
mobilising the esophagus and performing the cruroplasty.
The results of forty patients who underwent robot-assisted laparoscopic large HH 
repair were therefore analysed on both feasibility and safety parameters and 
subjective and objective (anatomical) outcome up to at least one year after surgery 
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(Chapter 8). Robot-assisted laparoscopic HH repair demonstrated to be an effective 
and safe, but demanding technique with a conversion rate of 10% and a median 
operating time of 130 minutes. Anatomical abnormalities were encountered in 
four of 32 patients who were eligible for medium term follow-up (12.5%). At one 
year after surgery, 91% of patients claimed to be satisfi ed with their postoperative 
result. This prospective cohort study has demonstrated that robot-assisted 
laparoscopic HH repair is accompanied by a relatively low mid-term recurrence 
rate. Furthermore, the operating team involved appreciated the support of the 
robotic system in these procedures, particularly during the dissection of the hernia 
sac and extensive crural repair.
The persistent controversy regarding the appropriate use of antirefl ux procedures 
to prevent GERD after large HH repair is studied in Chapter 9. As the vast majority 
of large hiatal hernias are type III HH31, insuffi ciency of the lower esophageal 
sphincter with concomitant GERD symptoms may occur as the gastroesophageal 
junction has migrated above the diaphragm. Prospective studies reporting both 
symptomatic and objective analysis of GERD to guide the decision on performing 
antirefl ux procedures after HH repair have not been published and thus, the value 
of antirefl ux procedures following HH repair remains inconclusive. Some surgeons 
selectively perform an antirefl ux procedure after HH repair because of the low risk 
of postoperative GERD after restoration of the gastroesophageal anatomy33-35.
Others always perform antirefl ux procedures because dissection of the distal 
esophagus with subsequent disturbance of the lower esophageal sphincter complex 
might induce GERD. Furthermore, it has been suggested that an antirefl ux 
procedure may serve as a buttress for the cruroplasty, thereby preventing 
recurrence of the HH36,37. In this last chapter of this thesis, a pilot study is 
presented which aimed to evaluate the symptomatic and functional results of 
laparoscopic large HH repair with and without antirefl ux procedure to investigate 
whether a randomised study is warranted. A total of 20 patients underwent 
symptomatic and objective assessment for co-existing GERD by standardised 
questionnaires, upper endoscopy, esophageal manometry and 24-hr pH 
monitoring before and after surgery. The addition of a Nissen fundoplication was 
only performed in those patients with documented GERD. Twelve patients 
underwent HH repair without Nissen fundoplication, GERD was diagnosed in eight 
patients before surgery (40%). After surgery, refl ux symptoms were present in one 
patient after HH repair without and in two with fundoplication. Troublesome 
dysphagia was encountered in one patient after HH repair without fundoplication. 
Overall, dysphagia was not reduced signifi cantly after both strategies and 
satisfaction with postoperative results was achieved in about 85% of patients. Total 
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median esophageal acid exposure (% of time with pH < 4) decreased after HH 
repair with Nissen fundoplication and was not affected in those without 
fundoplication. Asymptomatic GERD was seen in one patient after large HH repair 
without fundoplication (8%). The conclusion of this pilot study was that large HH 
repair with selective addition of Nissen fundoplication in case of documented 
GERD seems a reasonable approach in terms of safety and effectiveness. To really 
answer the question about routine or tailored antirefl ux procedures after HH repair 
in patients with and without GERD, however, a very large and unrealistic 
randomised controlled trial should be performed.

Discussion

The studies presented in this thesis focussed on the current strategies for the 
treatment of primary and reoperative antirefl ux surgery and large hiatal hernia. 
Minimally invasive techniques for the surgical treatment of refractory 
gastroesophageal refl ux disease have shown to be effective in daily clinical 
practise2. Several high level studies have been published demonstrating 
comparable short-term outcome with conventional surgery11-13. Because long-term 
effectiveness is important to establish before being able to defi nitively implement 
a new technique as the surgical treatment of choice, a follow-up study of the 
Manchet I trial was initiated. The short-term results of the Manchet I trial were 
published and evoked criticism because results might have been infl uenced by 
experience levels of the surgeons involved38. Initially, analysis of the fi rst 
103 patients revealed an overpresentation of troublesome dysphagia and 
reoperations in the laparoscopic group, indicating that LNF was inferior to its 
conventional counterpart. After symptomatic evaluation of patients included in this 
study at two years after surgery, however, no signifi cant differences were found 
and it was concluded that the original trial was terminated prematurely. Therefore, 
patients were followed up to fi ve years after surgery to determine long-term 
comparability of the techniques. When bearing in mind the general benefi ts of 
laparoscopic surgery, i.e. reduced post operative pain and hospital stay, improved 
cosmetics and quicker return to normal physical activities, the conclusion of this 
study was that patients who are candidates for antirefl ux surgery should be 
operated upon by minimally invasive techniques. 
When laparoscopic Nissen fundoplication should be regarded as the surgical 
treatment of choice for refractory GERD, cost-effectiveness studies are necessary to 
endorse this assumption. Both costs directly related to the procedure and societal 
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costs are important to incorporate in this analysis39. As the Manchet I trial was 
anticipated to be infl uenced by a certain learning curve, the cost-effectiveness 
analysis presented in this thesis also consisted of a consecutive cohort study on LNF 
(Manchet II trial) which was executed by experienced surgeons only. Although 
operating times, hospital stay and complication rate were reduced in the latter 
study, the conventional approach still prevailed above LNF from an economic point 
of view. Surprisingly, patients did not resume their paid working activities for more 
than two months after uncomplicated LNF, thereby eliminating a potential societal 
cost advantage for LNF. In the future, patients having undergone LNF should be 
instructed when to resume their working activities and company doctors should 
gain more experience in the benefi ts of minimally invasive surgery. Furthermore, 
LNF may be an ideal procedure for a ‘fast-track’ project aiming to stimulate 
patients to ambulate directly after surgery and to resume paid work as soon as 
possible. Not until these goals are achieved will conventional surgery prevail above 
minimally invasive surgery in terms of cost-effectiveness.
Regarding reoperative antirefl ux surgery, controversy continues on the reason for 
failure of the initial procedure, the best approach for revisional surgery and what 
symptomatic and objective outcome can be expected after surgery. The indications 
of reoperative surgery are in fact similar to indications for primary surgery but it 
must be kept in mind that operative morbidity and mortality are higher than in 
primary surgery and that the technique is far more challenging and complex21,23. In 
order to gain more insight into the mechanism of failure and the symptomatic and 
objective outcome after surgery, a large cohort of patients who underwent 
reoperative antirefl ux surgery was analysed. Seventy per cent of patients reached 
satisfactory results after surgery indicating that excellent results can be obtained in 
the majority of patients. At present, the robot-assisted laparoscopic approach is the 
surgical treatment of choice for failed laparoscopic antirefl ux surgery in the 
University Medical Centre Utrecht. The use of robotic telemanipulation systems in 
this type of surgery is felt to be supportive in dissecting the wrap which can be 
technically demanding due to extensive adhesions and altered anatomy. Even 
though current experience in this technique is still limited, preliminary results are 
promising. If repositioning of a herniated wrap is unsuccessful, conversion to a left-
sided thoracotomy is the next step.
Robotic systems in several laparoscopic procedures have extensively been 
described to be feasible and safe but clear additional values have not been 
demonstrated so far19,40. Apart from benefi ts for the surgeon, improved patient 
outcome after using these systems in general surgical procedures have hardly been 
described20. A randomised controlled trial is presented in this thesis comparing 
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robot-assisted with standard laparoscopic Nissen fundoplication by both 
symptomatic and objective short-term outcome. No differences were detected 
between the two techniques leading us to abandon the robot-assisted technique in 
LNF due to the lack of favourable patient outcomes and considerable costs 
associated with these tools. Currently, the merits of robotic systems are likely to be 
preserved for those procedures that require extensive tissue dissection and suturing 
such as Heller myotomy, large HH repair, esophageal resection and redo antirefl ux 
surgery. Therefore, research on the potential of robot-assistance for both patient 
and surgeon should focus on complex laparoscopic procedures. LNF, however, 
remains an ideal procedure to gain experience in the basic concepts of robot-
assisted surgery before progressing to more complex procedures. 
The current literature on large HH repair remains inconclusive on the need for 
antirefl ux procedures, mesh reinforcement of the right crus and esophageal 
lengthening procedures after restoration of the gastroesophageal anatomy, hernia 
sac reduction, esophageal mobilisation and cruroplasty31,37,41,42. Furthermore, 
laparoscopic HH repair has been suggested to be accompanied by a higher 
recurrence rate than after conventional surgery43,44. Both the tailored approach to 
an antirefl ux procedure and recurrence rate after laparoscopic large HH repair 
were addressed in this thesis. As mentioned before, robotic systems may be of 
added value in procedures with challenging dissection and suturing in confi ned 
spaces. This also may account for large HH repair where the robotic system can be 
used for precise and careful dissection of the hernia sac from the posterior 
mediastinum, the arms of the robot can be used to spread the hiatus and 
visualisation and suturing capacities are optimised. A prospective cohort study on 
robot-assisted large HH repair not only demonstrated that this technique is feasible 
for these demanding disorders but that recurrence rates are promising at a follow-
up of at least one year. Patients were analysed by barium esophagram series to 
determine the anatomical result of the procedure which is important to conduct 
when analysing the potential advantages of robot-assisted surgery in large HH 
repair. Other studies reporting on anatomical recurrence rates are limited and 
therefore, more studies are needed to determine the true anatomical recurrence 
rate after this type of surgery. Ultimately, comparative studies are needed to 
demonstrate the actual value of robotic systems in laparoscopic HH repair which 
have to be conducted in a multicentre setting due to the relative scarcity of 
patients with this disorder.
Finally, the need for an antirefl ux procedure after laparoscopic large HH repair is 
investigated in the last chapter of this thesis. Despite the dissension amongst 
surgeons on this topic, the conclusion of this pilot study is that patients without 
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preoperatively demonstrated GERD do not require a Nissen fundoplication after 
repair of the hiatal hernia. The assumption that hernia repair alone results in a high 
incidence of postoperative refl ux and/or hernia recurrence due to thorough 
gastroesophageal dissection could not be recognised in this study. As long as 
esophageal manometry and 24-hr pH monitoring is carried out in an experienced 
motility laboratory, GERD can be adequately investigated. With regard to the 
induction of refl ux, pathological acid exposure was induced in none of the patients 
who neither had symptoms nor excessive acid exposure of the distal esophagus 
before surgery. Moreover, the “function” on the esophagogastric junction was 
improved in approximately 50% of these patients, because acid exposure 
decreased after surgery. With selective addition of a Nissen fundoplication, 85% 
short-term subjective and objective success can be obtained, implicating that the 
selective approach is satisfactory and pragmatic. A randomised controlled trial 
therefore does not seem justifi ed in perspective of these results, the scarcity of 
patients with this disorder and the possible ethical drawbacks associated with 
randomisation.
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Samenvatting in het Nederlands

De beschreven studies in dit proefschrift zijn gericht op de huidige status van 
conventionele en minimaal invasieve technieken voor slokdarmchirurgie, in het 
bijzonder voor gastro-oesofageale refl uxziekte (GORZ) en grote type II-IV 
middenrifbreuken. De nadruk lag hierbij op de duurzaamheid van laparoscopische 
fundoplicatie volgens Nissen voor therapieresistente GORZ op de lange termijn, de 
kosteneffectiviteit van deze minimaal invasieve benadering en de potentiële 
voordelen van robotsystemen tijdens deze vorm van chirurgie. Voorts werden de 
resultaten van herhaalde antirefl ux chirurgie wegens onvoldoende resultaat na 
primaire operatie besproken en werd tenslotte de huidige literatuur over het 
herstel van grote hiatale hernia’s (HH) geanalyseerd in het kader van drie studies 
die nieuwe chirurgische strategieën onderzochten voor het herstel van deze 
aandoeningen. Dit proefschrift richtte zich op het leveren van bewijs en nieuwe 
inzichten in de chirurgische behandeling van therapieresistente GORZ, ‘redo’ 

antirefl ux chirurgie en het herstel van grote HH, teneinde enkele van de 
aanhoudend discutabele aspecten van de behandeling van deze benigne 
oesofageale aandoeningen te belichten. 

Hoofdstuk 1 bevat een algemene introductie in de anatomische en 
pathofysiologische achtergrond van gastro-oesofageale refl uxziekte en grote 
middenrifbreuken. Tevens wordt de huidige positie van endoscopische technieken 
in de chirurgische behandeling van deze stoornissen beschreven, alsmede de 
doeleinden van de diverse studies die zijn uitgevoerd in het kader van dit 
proefschrift.

Primaire en ‘redo’ antirefl ux chirurgie

De fundoplicatie volgens Nissen is een gangbare techniek voor de behandeling van 
gastro-oesofageale refl uxziekte bij patiënten die geen of onvoldoende baat hebben 
bij maagzuurremmende medicijnen of die levenslange medicamenteuze therapie 
weigeren. De conventionele fundoplicatie volgens Nissen biedt uitstekende lange 
termijn resultaten in 85-90% van de geopereerde patiënten tot tien jaar na 
chirurgie. Daarnaast beschrijven diverse studies vergelijkbare symptomatische en 
objectieve resultaten na laparoscopische Nissen fundoplicatie (LNF). Er bestaat 
echter twijfel over de duurzaamheid van LNF op de lange termijn (> 5 jaar) daar 
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een mogelijke afname in postoperatieve succesvolle resultaten en een toename in 
gebruik van zuurremmende medicijnen wordt beschreven in de recente literatuur. 
In dit proefschrift wordt daarom een studie gepresenteerd over laparoscopische 
versus conventionele Nissen fundoplicatie met een follow-up van tenminste vijf 
jaar. De resultaten van deze studie worden beschreven in Hoofdstuk 2.
Deelnemende patiënten aan deze studie waren afkomstig van een gerandomiseerd 
gecontroleerde trial welke is verricht gedurende 1997 en 1999 in Nederland 
(Manchet I studie). Zowel symptomatische als objectieve parameters werden 
onderzocht om de lange termijn uitkomsten van conventionele en laparoscopische 
Nissen fundoplicatie te bepalen. Er werd geen verschil aangetoond tussen beide 
technieken na 3-6 maanden en vijf jaar. Daarom kan LNF worden beschouwd als 
de chirurgische behandeling van eerste keuze voor therapieresistente GORZ. Deze 
opvatting is mede gebaseerd op reeds uitvoerig gedocumenteerde voordelen van 
minimaal invasieve chirurgie. Bovendien bleek het gebruik van zuurremmende 
medicijnen en de reinterventie ratio niet verschillend tussen beide 
operatietechnieken. Er kon geen correlatie worden aangetoond tussen het dagelijks 
medicatiegebruik en recidief GORZ, wat impliceert dat het gebruik van 
zuurremmende medicijnen vaak niet gebaseerd is op de objectieve evaluatie van 
klachten.
Hoewel LNF vergelijkbare resultaten biedt ten opzichte van de conventionele 
fundoplicatie volgens Nissen, zijn aanvullende analyses van de kosteneffectiviteit 
van deze techniek noodzakelijk op zowel institutioneel als sociaal-economisch 
niveau, teneinde klinische besluitvormingen te kunnen ramen. Studies die de 
kosteneffectiviteit van laparoscopische en conventionele Nissen fundoplicatie 
beschrijven zijn zeldzaam en niet zelden methodologisch incorrect. Daarom werd 
een analyse van kosten gerelateerd aan beide procedures geïnitieerd. Omdat LNF 
gepaard gaat met een zekere leercurve welke de resultaten van de Manchet I trial 
leek te beïnvloeden, werd een tweede studie geanalyseerd in het kader van deze
kosteneffectiviteitanalyse om het effect van een eventuele leercurve te elimineren. 
Deze vervolgstudie betrof de Manchet II trial, een prospectieve cohort studie naar 
121 patiënten die een LNF ondergingen door chirurgen met adequate ervaring in 
minimaal invasieve chirurgie. Hoofdstuk 3 beschrijft de resultaten van deze
kosteneffectiviteitanalyse in zowel de gerandomiseerd gecontroleerde trial als de 
achtereenvolgens verrichte follow-up studie naar LNF. Operatieduur, reoperatie 
ratio en kosten van hospitalisatie na LNF in de Manchet II trial waren lager dan in 
de gerandomiseerde studie. Echter, LNF resulteerde in hogere kosten waardoor de 
conventionele benadering de dominante strategie bleek in termen van 
kosteneffectiviteit. Helaas hervatten patiënten hun arbeidswerkzaamheden niet 
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eerder dan na ongeveer 2½ maanden na een ongecompliceerde fundoplicatie met 
slechts twaalf dagen ten faveure van de laparoscopische procedure in de Manchet 
II studie. Dit voordeel in kosten voor open chirurgie zou wegvallen met een 
kostenreductie van € 998 voor LNF. Hetzelfde effect zou worden bereikt indien een 
vermindering van zes dagen na LNF in het gemiddelde aantal ziekteverzuimdagen 
zou plaatsvinden. Daarom wordt in deze studie aangetoond dat hogere kosten van 
LNF geneutraliseerd kunnen worden wanneer patiënten worden behandeld in een 
georganiseerd en ervaren centrum en wanneer werkhervatting geaccelereerd 
wordt. 
Robotsystemen ter ondersteuning van LNF zijn eind jaren negentig geïntroduceerd 
met als voornaamste doel de technische beperkingen van standaard 
laparoscopische chirurgie op te heffen. Het doel van robotondersteuning tijdens 
minimaal invasieve chirurgie is het verbeteren van uitkomsten voor de patiënt, 
echter er bestaan maar weinig studies die de standaard technieken vergelijken met 
robot-geassisteerde benaderingen. Hoofdstuk 4 omvat een gerandomiseerd 
gecontroleerde trial waarin peroperatieve, symptomatische en functionele 
resultaten van robot-geassisteerde LNF worden vergeleken met de standaard 
minimaal invasieve techniek. Er konden geen verschillen worden aangetoond in 
deze parameters en daarom kan worden gesteld dat robotassistentie waarschijnlijk 
geen voordelen biedt tijdens LNF op de korte termijn. Deze bevindingen sterken 
ons in onze opinie dat het gebruik van robotsystemen, welke in de huidige 
technologische staat gepaard gaat met aanzienlijke kosten, behouden dient te 
blijven voor hoogcomplexe laparoscopische ingrepen.
Chirurgische reinterventie na antirefl ux chirurgie voor GORZ is nodig voor 3-6% 
van de patiënten, hoewel de oorzaak van de teleurstellende uitkomst na initiële 
operatie vaak niet eenvoudig wordt gevonden. Het anatomische en/of functionele 
mechanisme hierachter is nog onvoldoende begrepen en studies die 
symptomatische en objectieve uitkomsten beschrijven na ‘redo’ antirefl ux chirurgie 
zijn zeldzaam. In Hoofdstuk 5 wordt een studie beschreven naar 130 patiënten met 
een reoperatie na teleurstellende primaire antirefl ux chirurgie voor GORZ 
gedurende 1994 en 2005 in het Universitair Medisch Centrum Utrecht. Deze 
patiënten werden ofwel via een thoracale (Belsey Mark IV), ofwel via een 
abdominale benadering (Nissen en partiele fundoplicaties) geopereerd. Recidief 
GORZ was de indicatie voor reoperatie in ongeveer 65% van de patiënten en 
dysfagie in 35%. In 90% van de reoperaties werd tijdens de procedure een 
anatomisch substraat voor de onbevredigende initiële uitkomst gevonden. 
Symptomen waren afwezig of verbeterden signifi cant in 70% van de geopereerde 
patiënten na een follow-up duur van 60.1 maanden. In 70.2% van de patiënten 
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die een reoperatie ondergingen wegens recidief GORZ was de oesofageale 
zuurexpositie genormaliseerd. Er bestond een signifi cante correlatie tussen zure 
refl ux en het gebruik van protonpompremmers in deze groep. In tegenstelling tot 
de patiënten die gereopereerd werden via een thoracotomie waren objectieve 
resultaten beter in de patiënten met dysfagie die een laparotomie ondergingen. In 
deze groep correleerden deze resultaten daarnaast met de afname in de rustdruk 
van de onderste slokdarmsfi ncter. De conclusie van deze studie luidt daarom dat 
‘redo’ antirefl ux chirurgie goede symptomatische en objectieve resultaten oogst in 
70% van de patiënten, maar dat de morbiditeit van deze operatie niet onderschat 
mag worden. De verwachtingen van dit type chirurgie dient daarom gedetailleerd 
te worden overlegd met de patiënt voor aanvang van reoperatie. 

Chirurgie voor grote hiatale hernia’s

De laparoscopische techniek voor het herstel van grote HH is nog relatief weinig 
onderzocht, maar niettemin is in diverse studies de haalbaarheid van deze 
minimaal invasieve benadering beschreven. Hoofdstuk 6 omvat een systematische 
literatuurstudie naar zowel conventionele als laparoscopische chirurgie voor grote 
HH, gericht op recidief ratio, versterking van de cruraplastiek met 
prothesemateriaal en het nut van antirefl ux en verlengingsprocedures van de 
oesofagus. Een totaal aantal van 1525 laparoscopische en 766 conventionele 
operaties voor type II-IV HH werd onderzocht, afkomstig uit 32 (voornamelijk 
retrospectieve) studies. Hoewel geen verschil werd gevonden in operatieduur, was 
de morbiditeitratio hoger na conventionele chirurgie. In deze literatuurstudie werd 
tevens een hoger recidief ratio gevonden na herstel van grote HH op conventionele 
wijze (9.1% versus 7.0% na laparoscopische benadering), in tegenstelling tot 
verschillende gepubliceerde studies welke suggereren dat laparoscopisch herstel 
van grote HH gepaard gaat met een hogere recidiefkans. Een misleidende factor 
van de analyse van recidief percentages in de literatuur was de wijze waarop 
diverse studies alleen anatomische of symptomatische recidieven beschrijven. 
Daarom kunnen algemene conclusies betreffende het anatomische recidief 
percentage na HH chirurgie niet worden getrokken. Op dit moment is slechts één 
gerandomiseerd gecontroleerde trial gepubliceerd waarin versterking van de 
cruraplastiek met mesh technieken is vergeleken bij patiënten met een grote HH. 
Deze studie toonde een reductie van recidieven aan na meshaugmentatie van de 
cruraplastiek. Desalniettemin bestaat er geen consensus over de techniek van 
meshaugmentatie en zijn verschillende variaties beschreven betreffende de 
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implantatie van mesh voor cruraplastieken. De toegevoegde waarde van antirefl ux 
procedures na herstel van grote HH zijn daarnaast ook controversieel. De 
uitvoering van deze chirurgische technieken om postoperatieve refl ux of 
recidivering van de HH te voorkomen lijken gebaseerd te zijn op de mening van 
ervaren chirurgen zonder onderbouwing van prospectieve studies. De conclusie 
van deze systematische literatuurstudie is daarom dat geen van de vier 
controversiële aspecten van het herstel van grote HH duidelijk verhelderd kon 
worden door de beschikbare literatuur te analyseren en dat aanvullende 
prospectieve studies nodig zijn over deze essentiële onderwerpen. 
In 2000 werd het Intuitive Surgical da Vinci™ robotsysteem geïntroduceerd in het 
Universitair Medisch Centrum Utrecht. Sindsdien is een programma ontwikkeld 
met toenemende complexiteit van ingrepen zodat ervaring kon worden opgedaan 
met het systeem en onderzocht kon worden welk type procedures voordeel zou 
hebben van dit chirurgische hulpmiddel. Robot-geassisteerd laparoscopisch herstel 
van hernia diafragmatica bleek een van de ingrepen te zijn waarbij robotassistentie 
als waardevol en ondersteunend werd ervaren. Daarom werd de inzet van het da 
Vinci™ robotsysteem voor het herstel van grote HH onderzocht in dit proefschrift. 
Hoofdstuk 7 beschrijft de implementatie van robotchirurgie voor patiënten met een 
grote HH in relatie tot de anatomie en pathofysiologie van deze aandoeningen. In 
dit hoofdstuk worden de ratio achter de keuze van robot-geassisteerde chirurgie, 
de set-up van het systeem in de operatiekamer en de chirurgische techniek 
beschreven. De hypothese bij het gebruik van dit robotsysteem was een mogelijke 
reductie in het postoperatieve recidief ratio door meer precisie tijdens dissectie van 
de breukzak, mobilisatie van de oesofagus en de uitvoering van de cruraplastiek. 
De resultaten van robot-geassisteerde laparoscopische grote HH chirurgie werd 
daarom onderzocht bij veertig patiënten die een dergelijke operatie ondergingen. 
Zowel de haalbaarheid en veiligheid van deze techniek en de subjectieve en 
objectieve (anatomische) uitkomsten minimaal een jaar na operatie werden hierbij 
geanalyseerd (Hoofdstuk 8). Laparoscopisch herstel van grote HH met behulp van 
het da Vinci™ robotsysteem bleek een effectieve en veilige, maar lastig uitvoerbare 
techniek te zijn met een conversie ratio van 10% en een mediane operatieduur 
van 130 minuten. Bij vier van de 32 patiënten die beschikbaar waren voor 
radiologische controle een jaar na operatie werden anatomische afwijkingen 
aangetoond (12.5%). 91% van deze patiënten was tevreden met de huidige 
situatie. Deze prospectieve cohort studie over laparoscopisch herstel van grote HH 
met behulp van een robotsysteem resulteerde in een relatief laag recidiefpercentage 
bij een follow-up duur van minimaal 1 jaar. Daarnaast werd de ondersteuning 
door dit systeem tijdens deze ingrepen als belangrijk beschouwd, in het bijzonder 
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gedurende de dissectie van de breukzak en herstel van de hiatus hernia. 
De persisterende controverse rondom de uitvoering van antirefl ux procedures na 
herstel van grote type II-IV HH teneinde postoperatieve GORZ te voorkomen werd 
bestudeerd in Hoofdstuk 9. Type III HH beslaan de meerderheid van alle grote HH 
en daarom kunnen symptomen van GORZ ontstaan wegens insuffi ciëntie van de 
onderste slokdarmsfi ncter door migratie van de gastro-oesofageale overgang boven 
het diafragma. Prospectieve studies die GORZ onderzoeken door middel van zowel 
symptomatische als objectieve parameters voor en na HH herstel zijn niet 
gepubliceerd en daarom blijft de waarde van antirefl ux procedures na het herstel 
van deze aandoeningen onduidelijk. Sommige chirurgen verrichten selectief een 
antirefl ux procedure na herstel van HH door het lage risico op postoperatieve 
GORZ na restauratie van de gastro-oesofageale anatomie. Anderen verrichten altijd 
een antirefl ux procedure omdat dissectie van de distale oesofagus met destructie 
van onderste oesofagussfi ncter en diafragma interactie mogelijk GORZ induceert. 
Daarnaast is gesuggereerd dat een antirefl ux procedure zou kunnen dienen als een 
buffer om recidivering van de HH te voorkomen. In het laatste hoofdstuk van dit 
proefschrift wordt een ‘pilotstudie’ beschreven waarin de symptomatische en 
functionele resultaten van laparoscopische HH chirurgie met en zonder toevoeging 
van een antirefl ux procedure worden gepresenteerd. Daarnaast werd in deze studie 
onderzocht of een gerandomiseerde studie over dit onderwerp daadwerkelijk 
nodig is. Voor en na operatie werden patiënten onderzocht op de aanwezigheid 
van GORZ middels gestandaardiseerde vragenlijsten, endoscopie, oesofagus 
manometrie en 24-uurs pH-metrie. Een fundoplicatie volgens Nissen werd alleen 
uitgevoerd bij patiënten met daadwerkelijk coëxistente GORZ. Bij acht patiënten 
werd GORZ gediagnosticeerd voor chirurgie (40%) en bij twaalf patiënten werd 
herstel van een grote HH verricht zonder Nissen fundoplicatie. Postoperatieve 
refl uxsymptomen waren aanwezig bij één patiënt die herstel van een HH 
onderging zonder fundoplicatie en in twee patiënten met fundoplicatie. Een 
patiënt ervoer ernstige symptomen van dysfagie na HH herstel zonder 
fundoplicatie. Over het algemeen namen dysfagieklachten niet signifi cant af na 
beide strategieën en werd een bevredigend symptomatisch resultaat behaald bij 
ongeveer 85% van de patiënten. De mediane totale oesofagus zuurexpositie 
(percentage van de tijd met pH < 4) nam af na HH herstel met fundoplicatie maar 
veranderde niet bij de patiënten zonder fundoplicatie. Asymptomatische GORZ 
werd aangetroffen bij één patiënt na HH herstel zonder fundoplicatie (8%). Ergo, 
laparoscopisch herstel van grote HH met selectieve toevoeging van een Nissen 
fundoplicatie in geval van bewezen GORZ is een te overwegen benadering in 
termen van veiligheid en effectiviteit. Om daadwerkelijk de controverse te 
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beëindigen over routine of selectieve toevoeging van een antirefl ux procedure na 
herstel van grote HH bij patiënten met en zonder GORZ zou een zeer grote en 
onwerkelijke gerandomiseerd gecontroleerde studie moeten worden uitgevoerd. 

Discussie

De verschillende studies in dit proefschrift zijn gericht op de huidige 
behandelingsstrategieën van primaire en ‘redo’ antirefl ux chirurgie en de 
behandeling van grote HH. Inmiddels hebben verschillende gerandomiseerde 
studies bewezen dat minimaal invasieve technieken voor de chirurgische 
behandeling van therapieresistente gastro-oesofageale refl uxziekte effectief zijn 
met korte termijn resultaten vergelijkbaar met conventionele chirurgie. Omdat het 
aantonen van lange termijn effectiviteit belangrijk is om de laparoscopische 
techniek defi nitief te kunnen implementeren als de chirurgische behandeling van 
keuze, werd een follow-up studie van de Manchet I trial verricht. De korte termijn 
resultaten van deze studie werden in 2000 gepubliceerd en veroorzaakten 
vervolgens kritiek omdat deze resultaten mogelijk beïnvloed waren door het 
ervaringsniveau van de betrokken chirurgen. Initieel bleken ernstige dysfagie en 
reoperaties vaker voor te komen bij laparoscopisch geopereerde patiënten na 
interim analyse van de eerste 103 patiënten. Hierdoor moest LNF als inferieur 
gezien worden ten opzichte van de conventionele methode, wat leidde tot 
terminatie van de studie. Er bestonden echter geen signifi cante verschillen na 
symptomatische evaluatie van geincludeerde patiënten twee jaar na chirurgie 
waardoor geconcludeerd kon worden dat de originele studie te vroeg was gestopt. 
In het kader van deze bevinding werden patiënten afkomstig van deze trial 
gevolgd tot vijf jaar na de operatie om de lange termijn vergelijkbaarheid van 
beide technieken te kunnen bepalen. Wanneer de algemene voordelen van 
minimaal invasieve chirurgie in acht worden genomen (reductie in postoperatieve 
pijn en opnameduur, versnelde werkhervatting en minder cosmetische bezwaren) 
kan op basis van deze studie worden geconcludeerd dat laparoscopische antirefl ux 
chirurgie de voorkeur heeft voor patiënten met therapieresistente GORZ.  
Ondanks dat laparoscopische Nissen fundoplicatie moet worden beschouwd als de 
chirurgische behandeling van eerste keuze voor GORZ, zijn kosteneffectiviteit 
studies noodzakelijk om deze bewering te staven. Zowel procedure gerelateerde als 
sociale kosten zijn hierbij belangrijk om tot een volledig overzicht van kosten te 
komen. Omdat de resultaten van de Manchet I studie mogelijk beïnvloed waren 
door een zekere leercurve in de laparoscopische methode, bestond de kosten-
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effectiviteitanalyse in dit proefschrift daarnaast uit een cohort studie naar LNF 
(Manchet II) welke geheel uitgevoerd was door ervaren chirurgen. Hoewel de 
operatie- en opnameduur en de complicatie ratio beduidend lager waren in deze 
vervolgstudie, bleek de conventionele behandelingswijze vanuit economisch 
perspectief nog steeds te prevaleren boven LNF. Een verbazingwekkend aspect van 
deze analyse was dat patiënten na een ongecompliceerde laparoscopische 
procedure pas na ongeveer 2½ maand hun werkzaamheden hervatten waarbij een 
potentieel voordeel in kosten dankzij LNF geëlimineerd werd. In de toekomst 
zouden patiënten die een LNF ondergaan beter geïnstrueerd moeten worden 
wanneer zij hun werkzaamheden kunnen hervatten en daarnaast zouden 
bedrijfsartsen meer ervaring moeten opdoen in de voordelen van minimaal 
invasieve chirurgie. Voorts is LNF een ideale procedure voor een ‘fast-track’ project 
wat zich richt op versnelde postoperatieve mobilisatie en werkhervatting. Indien 
deze doeleinden niet worden bereikt zal conventionele chirurgie blijven domineren 
boven minimaal invasieve technieken in termen van kosteneffectiviteit. 
Betreffende ‘redo’ antirefl ux chirurgie bestaat een voortdurende discussie over de 
oorzaak van teleurstellende resultaten na de initiële procedure, welke operatieve 
benadering de voorkeur verdient en welke symptomatische en objectieve 
uitkomsten kunnen worden verwacht na de operatie. Hoewel de indicaties voor 
reinterventie feitelijk dezelfde zijn als die voor de primaire operatie, moet worden 
overwogen dat morbiditeit en mortaliteit hoger zijn en dat de techniek 
gecompliceerder is. Een groot cohort patiënten die een reoperatie ondergingen na 
onvoldoende resultaat van primaire antirefl ux chirurgie werd geanalyseerd in dit 
proefschrift om meer inzicht te verkrijgen in het hiervoor verantwoordelijke 
mechanisme en de symptomatische en objectieve uitkomsten van reoperatie. 
Succesvolle resultaten, zowel subjectief als objectief, werden behaald in 70% van 
de patiënten, waardoor geconcludeerd kan worden dat goede resultaten geboden 
kunnen worden aan de meerderheid van patiënten met recidief GORZ of dysfagie 
na initiële operatie. Tegenwoordig geldt de robot-geassisteerde laparoscopische 
benadering als de chirurgische therapie van keuze voor ‘redo’ antirefl ux chirurgie in 
het Universitair Medisch Centrum Utrecht. De toepassing van robotsystemen tijdens 
dit type operaties wordt als ondersteunend ervaren gedurende de dissectie van de 
fundoplicatie dat technisch moeilijk uitvoerbaar kan zijn vanwege uitgebreide 
adhesies en gewijzigde anatomie. Hoewel de huidige ervaring met deze techniek 
nog beperkt is, zijn de voorlopige resultaten bemoedigend en vergelijkbaar met 
conventionele chirurgie. Wanneer repositie van intrathoracaal gehernieerde 
fundoplicatie niet uitvoerbaar blijkt, is conversie naar een linkszijdige thoracotomie 
de volgende stap. 
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Ondanks dat uitvoerig beschreven is dat het gebruik van robotsystemen in diverse 
laparoscopische procedures een haalbare en veilige methode is, zijn duidelijke 
voordelen dankzij de inzet van dergelijke systemen nog niet aangetoond. In dit 
proefschrift wordt een gerandomiseerd gecontroleerde studie beschreven waarin 
subjectieve en objectieve resultaten van robot-geassisteerde en standaard 
laparoscopische Nissen fundoplicatie worden vergeleken. Omdat geen verschillen 
tussen beide technieken werden aangetoond, besloten wij de robot-geassisteerde 
benadering voor LNF te verlaten vanwege de afwezigheid van voordelen voor 
patiënten en de forse kosten geassocieerd met deze systemen. Op dit moment 
lijken de voordelen van robot-geassisteerde chirurgie voornamelijk gereserveerd te 
zijn voor procedures waarin uitgebreide weefseldissectie en hechtcapaciteiten 
essentieel zijn, zoals myotomie volgens Heller, type II-IV HH chirurgie, 
oesofagusresectie en ‘redo’ antirefl ux chirurgie. Onderzoek naar de potentiële 
voordelen van robot-geassisteerde chirurgie voor zowel de patiënt als de chirurg 
zou zich daarom meer moeten richten op complexe laparoscopische procedures. 
Echter, LNF blijft wellicht een ideale procedure om ervaring te vergaren in de 
basale concepten van robot-geassisteerde chirurgie voordat progressie naar meer 
complexe ingrepen plaatsvindt. 
De huidige literatuur over het herstel van grote middenrifbreuken blijft onduidelijk 
over de noodzaak van antirefl ux procedures, meshaugmentatie van het rechter crus 
en verlengingsplastieken van de oesofagus na herstel van de gastro-oesofageale 
anatomie, breukzak resectie, mobilisatie van de oesofagus en cruraplastiek. 
Daarnaast is verscheidene malen gesuggereerd dat laparoscopisch herstel van grote 
HH gepaard zou gaan met een hoger recidief ratio dan na conventionele 
benadering. Zowel de selectieve additie van een antirefl ux procedure en de 
recidief ratio na laparoscopisch herstel van grote HH werden onderzocht in dit 
proefschrift. Zoals reeds eerder vermeld, zijn robotsystemen mogelijk van 
aanvullende waarde gedurende procedures met uitvoerige weefseldissectie en 
hechtmanoeuvres in een compacte werkruimte. Dit geldt wellicht ook voor grote 
HH chirurgie waarbij de robot kan worden gebruikt voor accurate en behoedzame 
dissectie van de breukzak vanuit het posterieure mediastinum. Tevens kunnen de 
robotarmen worden gebruikt om de hiatus te spreiden en zijn zowel visuele en 
hechtcapaciteiten geoptimaliseerd. In een prospectieve cohort studie naar robot-
geassisteerde laparoscopische HH chirurgie werd niet alleen aangetoond dat deze 
techniek een goed uitvoerbare methode is voor deze zeldzame aandoeningen, 
maar ook dat de recidief ratio veelbelovend is na tenminste een jaar follow-up. 
Hierbij werden patiënten onderzocht met oesofagus slikfoto’s om de anatomische 
resultaten van de operatie te kunnen beoordelen. Omdat andere studies die 
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anatomische recidief percentages beschrijven na herstel van grote HH nauwelijks 
beschikbaar zijn, zijn meer van dergelijke studies noodzakelijk om de werkelijke 
anatomische recidief ratio te kunnen vaststellen behorend bij dit type operaties. 
Uiteindelijk zullen vergelijkende studies noodzakelijk zijn om de waarde van 
robotsystemen in laparoscopisch herstel van grote HH aan te kunnen tonen. Deze 
zullen echter multicentrisch uitgevoerd dienen te worden vanwege de relatieve 
zeldzaamheid van patiënten met deze aandoening. 
Tenslotte werd de waarde van een antirefl ux procedure na laparoscopisch herstel 
van grote HH en de noodzaak van een gerandomiseerde studie over dit onderwerp 
onderzocht in het laatste hoofdstuk van dit proefschrift. Ondanks de aanwezige 
discussie betreffende dit onderwerp, is de conclusie van deze ‘pilotstudie’ dat 
patiënten zonder preoperatief bewezen gastro-oesofageale refl uxziekte geen 
Nissen fundoplicatie nodig hebben na herstel van de HH. De veronderstelling dat 
herstel van de HH alleen zou resulteren in een hoge incidentie van postoperatieve 
refl ux en/of recidivering van de hernia door uitvoerige dissectie, kon niet worden 
aangetoond in deze studie. Zolang oesofagus manometrie en 24-uurs pH-metrie 
worden verricht in een ervaren motiliteitslaboratorium, kan de aanwezigheid van 
GORZ adequaat worden onderzocht. Pathologische zuurexpositie werd geïnduceerd 
in geen van de patiënten die noch refl ux symptomen, noch abnormale oesofagus 
zuurexpositie hadden voor de operatie. Bovendien bleek de functie van de gastro-
oesofageale overgang te verbeteren in ongeveer 50% van deze patiënten, daar de 
zuurexpositie nog verder daalde na chirurgie. Met selectieve toevoeging van een 
Nissen fundoplicatie kon een succesvolle subjectieve en objectieve uitkomst 
worden bereikt in 85% van de geopereerde patiënten wat impliceert dat de 
beschreven selectieve benadering adequaat en pragmatisch is. Een gerandomiseerd 
gecontroleerde studie lijkt daarom niet gerechtvaardigd in het licht van deze 
resultaten, de zeldzaamheid van de aandoening en mogelijke ethische bezwaren 
bij randomisatie. 
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Dankwoord

Hoewel velen promoveren beschouwen als een lastig te bereiken doel met vele 
hindernissen, heb ik de afgelopen drie jaar ervaren als een prettige, leerzame en 
vooral leuke tijd in een zeer stimulerende werkomgeving. Ik ben aan veel mensen 
dank verschuldigd die mij gedurende deze periode, in welke vorm dan ook, 
hebben geholpen bij de totstandkoming van dit proefschrift. Zonder anderen 
tekort te willen doen, zijn er een aantal die ik speciaal wil bedanken. 

Dr. I.A.M.J. Broeders, co-promotor, beste Ivo, jouw vraag om “eens over onderzoek te 

komen praten” tijdens mijn 3e jaars co-schap chirurgie heb ik destijds met twee 
handen aangegrepen. De resultante daarvan is nu klaar. Ik ben je ongeloofl ijk 
dankbaar voor het in mij gestelde vertrouwen, je altijd waardevolle wetenschap-
pelijke en niet-wetenschappelijke adviezen en de kansen die je mij geboden hebt. 
Ik heb je in de afgelopen drie jaar leren kennen om je integriteit, doorzettingsver-
mogen en vakmanschap. Ik hoop in de nabije toekomst nog veel van je te leren, 
zowel in het ziekenhuis als op een van de befaamde congressen. 

Prof. Dr. H.G. Gooszen, promotor, uw enthousiaste betrokkenheid in de diverse 
onderzoeksprojecten was keer op keer waardevol door uw grote kennis van ‘de 
refl uxziekte’ en wetenschappelijke inzicht. U vertrouwde mij prachtige studies toe 
welke mede geleid hebben tot dit proefschrift (ik zal het nooit meer ‘boekje’ 
noemen). De interesse en inzet voor uw onderzoekers maakt promoveren onder 
uw hoede tot een bijzondere en stimulerende ervaring, waarbij uw interesse voor 
benigne ziekten van de slokdarm zeker op mij is overgeslagen. Ik ben er trots op 
mijn titel van u te mogen ontvangen. 

Prof. Dr. I.H.M. Borel Rinkes, beste Inne, mijn eerste stappen op wetenschappelijk 
gebied werden door jou geïnitieerd. Hoewel al snel bleek dat ik niet bepaald 
schitterde in basaal onderzoek, ben je altijd geïnteresseerd gebleven in mijn 
klinisch wetenschappelijke activiteiten. Dank voor je immer oprechte belangstelling 
en voor het plaats willen nemen in de promotiecommissie. 

Prof. Dr. Chr. van der Werken, initieel begon ik mijn onderzoek onder uw supervisie 
in het kader van het project ‘Operatiekamer van de Toekomst’. Ondanks dat het 
onderwerp van mijn studies niet meer binnen uw aandachtsgebied viel, heeft u mijn 
voortgang altijd gevolgd. Ik heb onze ‘update-gesprekken’ altijd erg gewaardeerd. 
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Dr. R.K.J. Simmermacher, beste Rogier, dank voor je belangrijke bijdrage aan de
kosteneffectiviteitanalyse van de Manchet I en II studie en de robot Nissen trial. 

Dr. E. Buskens, beste Erik, jouw inzet voor diverse studies in dit proefschrift zijn van 
zeer grote waarde geweest. Een kostenbaten studie zonder ervaren epidemioloog 
is onmogelijk! Dank voor je prettige begeleiding. 

Prof. Dr. A.J.P.M. Smout, beste André, jouw kritische correcties van diverse 
manuscripten tilden de kwaliteit ervan altijd weer naar een hoger niveau.
Zowel op wetenschappelijk als op GIM-poli niveau heb ik veel van je geleerd. 

De overige leden van de promotiecommissie, Prof. Dr. Y. van der Graaf,
Prof. Dr. E.J. Kuipers en Prof. Drs. J.F.W.H. Bartelsman, dank ik voor hun 
bereidwilligheid mijn manuscript te beoordelen. 

Dr. E.A. te Velde, beste Lisette, dank voor je begeleiding tijdens mijn prille 
ontwikkeling in de wetenschap. 

Ir. H.G. Rijnhart – de Jong, beste Hilda, onmisbare schakel in klinisch onderzoek. 
Jouw uitvoerige verzamel-, invoer- en analysewerkzaamheden waren van grote 
waarde. Nooit was het teveel voor je. Jouw artikel is de volgende!

Dr. J.P. Ruurda, beste Jelle, ik ben in de unieke positie geweest een mede door jou 
goed opgezet onderzoeksproject over te nemen, op een fascinerend gebied en in 
een geweldige onderzoeksgroep. Het is top dat het nu zover gekomen is. Laten we 
er met z’n vieren in Berlijn weer een groot feest van maken.

Jac. Oors en Joke van der Scheur, zonder jullie waren al die pH-metingen niet 
mogelijk geweest. Zelfs op zaterdag waren jullie van de partij. Ontzettend bedankt 
voor jullie inzet en belangstelling voor mijn onderzoek.

Alle collega’s en operatie-assistenten in het UMC Utrecht.

Drs. K.W. van Dongen, beste Koen, met jou een kamer delen in Isengard was een 
onvergetelijke ervaring, net als de vele lunches, koffi e’s, visites op D5 en 
congresreizen. Dat je vandaag achter me staat als paranimf is geweldig. Die 
afspraak dat we tot ons 80e elkaar de lucht in prijzen op de EAES (met Italiaans 
accent, no complications!) staat! 
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Edgar Furnée en Erik Tournoij, jullie hulp was essentieel. Succes in jullie 
veelbelovende carrières! 

Alle patiënten die hebben deelgenomen aan de studies in dit proefschrift. 

De mannen van het onderwijs: Wim Kools en Andre Renaud. Dank voor een leuke 
tijd en voor jullie begrip als onderzoek weer eens voor onderwijs ging. 

Romy, Mariëlle, Marianne en Marjolein. Voor jullie interesse en gezelligheid.

Freunde van de Voorstraat, Pieter, Ronny-B, Wieteke, Carmencita, Annelies, never a 
dull moment with you guys! Jullie zijn van het onderzoeksgezeur af. Vanaf nu ben 
ik er altijd bij. 

Milko, vriend van het eerste uur, ondanks dat je twee jaar geleden de mooiste stad 
van Nederland hebt ingeruild voor Middelburg en een kleintje hebt gekregen zien 
we elkaar gelukkig nog veel. Dat je ook nog paranimf zou worden, had je nooit 
gedacht (‘een rok? Doe ’s normaal!’), maar betekent veel voor mij. Ik hoop dat er 
nog vele avonden en weekenden volgen!

Louis en Martine Vlek, dank voor jullie niet afl atende interesse, support en 
gezelligheid. Jullie zijn ontzettend lieve en hartelijke mensen waar ik altijd kan 
aankloppen. Ik hoop nog vele mooie momenten met jullie te beleven. 

Reina van der Meulen, lieve mam, het is zover! Zonder jouw vertrouwen, hulp en 
af en toe daadkrachtige raad was dit simpelweg nooit mogelijk geweest. Ik heb 
ongelofelijk veel aan je te danken. Samen met Jelmer hebben we een turbulente 
tijd doorgemaakt met jou als altijd standvastig middelpunt. Toch heb je ons altijd 
gesteund, zoveel je kon. Gelukkig is het niet zonder resultaat, dank je!

Mijn lieve Anneloes, ondanks dat ik soms te vaak en te veel aan het werk was heb 
je me altijd vol gesteund in mijn wens te promoveren. Het is heerlijk jou om me 
heen te hebben en ik kijk uit naar de plannen die we hebben, om te beginnen 
onze reis. Je bent een droomvrouw en ik wil je bedanken voor alles wat je voor me 
hebt gedaan. 
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