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A B S T R A C T

Background

Gastro-oesophageal reflux disease (GORD) is a common condition with 3% to 33% of people from diJerent parts of the world suJering
from GORD. There is considerable uncertainty about whether people with GORD should receive an operation or medical treatment for
controlling the condition.

Objectives

To assess the benefits and harms of laparoscopic fundoplication versus medical treatment for people with gastro-oesophageal reflux
disease.

Search methods

We searched the Cochrane Upper Gastrointestinal and Pancreatic Diseases Group (UGPD) Trials Register (June 2015), Cochrane Central
Register of Controlled Trials (CENTRAL) (The Cochrane Library Issue 6, 2015), Ovid MEDLINE (1966 to June 2015), and EMBASE (1980 to June
2015) to identify randomised controlled trials. We also searched the references of included trials to identify further trials.

Selection criteria

We considered only randomised controlled trials (RCT) comparing laparoscopic fundoplication with medical treatment in people with
GORD irrespective of language, blinding, or publication status for inclusion in the review.

Data collection and analysis

Two review authors independently identified trials and independently extracted data. We calculated the risk ratio (RR) or standardised
mean diJerence (SMD) with 95% confidence intervals (CI) using both fixed-eJect and random-eJects models with RevMan 5 based on
available case analysis.

Main results

Four studies met the inclusion criteria for the review, and provided information on one or more outcomes for the review. A total of 1160
participants in the four RCTs were either randomly assigned to laparoscopic fundoplication (589 participants) or medical treatment with
proton pump inhibitors (571 participants). All the trials included participants who had had reflux symptoms for at least six months and
had received long-term acid suppressive therapy. All the trials included only participants who could undergo surgery if randomised to the
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surgery arm. All of the trials were at high risk of bias. The overall quality of evidence was low or very low. None of the trials reported long-
term health-related quality of life (HRQoL) or GORD-specific quality of life (QoL).

The diJerence between laparoscopic fundoplication and medical treatment was imprecise for overall short-term HRQOL (SMD 0.14, 95%
CI -0.02 to 0.30; participants = 605; studies = 3), medium-term HRQOL (SMD 0.03, 95% CI -0.19 to 0.24; participants = 323; studies = 2),
medium-term GORD-specific QoL (SMD 0.28, 95% CI -0.27 to 0.84; participants = 994; studies = 3), proportion of people with adverse events
(surgery: 7/43 (adjusted proportion = 14.0%); medical: 0/40 (0.0%); RR 13.98, 95% CI 0.82 to 237.07; participants = 83; studies = 1), long-
term dysphagia (surgery: 27/118 (adjusted proportion = 22.9%); medical: 28/110 (25.5%); RR 0.90, 95% CI 0.57 to 1.42; participants = 228;
studies = 1), and long-term reflux symptoms (surgery: 29/118 (adjusted proportion = 24.6%); medical: 41/115 (35.7%); RR 0.69, 95% CI 0.46
to 1.03; participants = 233; studies = 1).

The short-term GORD-specific QoL was better in the laparoscopic fundoplication group than in the medical treatment group (SMD 0.58,
95% CI 0.46 to 0.70; participants = 1160; studies = 4).

The proportion of people with serious adverse events (surgery: 60/331 (adjusted proportion = 18.1%); medical: 38/306 (12.4%); RR 1.46,
95% CI 1.01 to 2.11; participants = 637; studies = 2), short-term dysphagia (surgery: 44/331 (adjusted proportion = 12.9%); medical: 11/306
(3.6%); RR 3.58, 95% CI 1.91 to 6.71; participants = 637; studies = 2), and medium-term dysphagia (surgery: 29/288 (adjusted proportion =
10.2%); medical: 5/266 (1.9%); RR 5.36, 95% CI 2.1 to 13.64; participants = 554; studies = 1) was higher in the laparoscopic fundoplication
group than in the medical treatment group.

The proportion of people with heartburn at short term (surgery: 29/288 (adjusted proportion = 10.0%); medical: 59/266 (22.2%); RR 0.45,
95% CI 0.30 to 0.69; participants = 554; studies = 1), medium term (surgery: 12/288 (adjusted proportion = 4.2%); medical: 59/266 (22.2%);
RR 0.19, 95% CI 0.10 to 0.34; participants = 554; studies = 1), long term (surgery: 46/111 (adjusted proportion = 41.2%); medical: 78/106
(73.6%); RR 0.56, 95% CI 0.44 to 0.72); participants = 217; studies = 1) and those with reflux symptoms at short-term (surgery: 6/288 (adjusted
proportion = 2.0%); medical: 53/266 (19.9%); RR 0.10, 95% CI 0.05 to 0.24; participants = 554; studies = 1) and medium term (surgery:
6/288 (adjusted proportion = 2.1%); medical: 37/266 (13.9%); RR 0.15, 95% CI 0.06 to 0.35; participants = 554; studies = 1) was less in the
laparoscopic fundoplication group than in the medical treatment group.

Authors' conclusions

There is considerable uncertainty in the balance of benefits versus harms of laparoscopic fundoplication compared to long-term medical
treatment with proton pump inhibitors. Further RCTs of laparoscopic fundoplication versus medical management in patients with GORD
should be conducted with outcome-assessor blinding and should include all participants in the analysis. Such trials should include long-
term patient-orientated outcomes such as treatment-related adverse events (including severity), quality of life, and also report on the
social and economic impact of the adverse events and symptoms.

P L A I N   L A N G U A G E   S U M M A R Y

Keyhole surgery versus medical treatment for adults with heart burn or acid regurgitation

Review question

Is laparoscopic fundoplication (keyhole surgery which involves wrapping the top end of the stomach around the bottom of the oesophagus
(food pipe or gullet) to form a new valve) beneficial or harmful when compared to medical treatment in adults with heartburn or acid
regurgitation (gastro-oesophageal reflux disease (GORD))?

Background

Gastro-oesophageal reflux disease or GORD is a condition which develops when stomach contents regurgitate into the oesophagus causing
troublesome symptoms such as heartburn (burning sensation at the lower end of the breastbone) or regurgitation (perception of flow of
stomach content into the throat or mouth). Long-term complications of GORD include reflux oesophagitis (injury to lining of oesophagus),
bleeding from the oesophagus, narrowing of the oesophagus, change in the nature of the lining of the oesophagus which can sometimes
give rise to oesophageal cancer. Approximately 3% to 33% of people have GORD around the world. The risk factors for GORD include a
family history of reflux disease in immediate relatives, pregnancy, older age, obesity, cigarette smoking, and excessive alcohol drinking.
Apart from lifestyle changes (such as cessation of smoking) and diet changes (avoiding food that causes heartburn), the major forms of
treatment for GORD are medical and surgical. The medical treatment is usually aimed at decreasing acidity in the stomach. Currently a
group of drugs which suppress acid secretion, called proton pump inhibitors, are considered the best in decreasing acid secretion. The main
surgical treatment is fundoplication which involves wrapping around the lower part of the food pipe with stomach. This can be performed
by traditional open surgery, keyhole surgery or surgery that is performed without making any cut from within the stomach with the help
of an endoscope (in this context, a flexible tube introduced through the mouth to give a view of the food pipe and stomach). The benefits
and harms of laparoscopic fundoplication compared to medical treatment in people with GORD is not known. We sought to resolve this
issue by searching for existing studies on the topic. We included all studies whose results were reported until 1st October 2014.

Study characteristics

Laparoscopic fundoplication surgery versus medical management for gastro-oesophageal reflux disease (GORD) in adults (Review)
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Four studies met the inclusion criteria for the review, and provided information for the review. A total of 1160 participants received either
laparoscopic fundoplication (589 participants) or medical treatment (571 participants). The decision on whether a participant received
surgery or medical treatment was made using methods similar to tossing a coin, ensuring that the participants in the two groups were
similar. All the trials included people who had had reflux symptoms for at least six months, had received long-term acid suppressive therapy,
and could undergo laparoscopic fundoplication if necessary.

Key results

None of the trials reported long-term health-related quality of life (HRQoL) or GORD-specific quality of life (QoL). The diJerence between
laparoscopic fundoplication and medical treatment was imprecise for overall short-term HRQOL, medium-term HRQOL, medium-term
GORD-specific QoL, percentage of people with adverse events, long-term dysphagia (diJiculty in swallowing), and long-term acid
regurgitation. The short-term GORD-specific quality of life was better in the laparoscopic fundoplication group than in the medical
treatment group. However, it was not clear how much this improvement benefited the patient. The proportion of people with serious
adverse events, short-term dysphagia, and medium-term dysphagia was higher in the laparoscopic fundoplication group than in the
medical treatment group. The proportion of people with heartburn at short term, medium term, and long term, and those with acid
regurgitation at short term and medium term was less in the laparoscopic fundoplication group than in the medical treatment group. The
severity of diJiculty in swallowing, heartburn, or acid regurgitation was not reported. There is considerable uncertainty in the balance of
benefits versus harms of laparoscopic fundoplication compared to long-term medical treatment with proton pump inhibitors. Due to the
poor quality of the trials, future high-quality studies are needed in this field.

Quality of the evidence

The quality of evidence was low or very low. As a result, there is a lot of uncertainty regarding the results.

Laparoscopic fundoplication surgery versus medical management for gastro-oesophageal reflux disease (GORD) in adults (Review)
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Summary of findings for the main comparison.   Laparoscopic fundoplication versus medical management for gastro-oesophageal reflux disease
(GORD) in adults

Laparoscopic fundoplication versus medical management for gastro-oesophageal reflux disease (GORD) in adults

Patient or population: Patients with gastro-oesophageal reflux disease (GORD) in adults
Settings: Secondary care
Intervention: Laparoscopic fundoplication

Control: Medical management

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Medical man-
agement

Laparoscopic fundoplication

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Comments

Health-related quality of life

(< 1 year)   The mean health-related quality of life (< 1 year) in
the intervention groups was
0.14 standard deviations higher 
(0.02 lower to 0.3 higher)

  605
(3 studies)

⊕⊝⊝⊝

very low 1,2,3
SMD 0.14 (-0.02
to 0.3)

(1 to 5 years)   The mean health-related quality of life (1 to 5
years) in the intervention groups was
0.03 standard deviations higher 
(0.19 lower to 0.24 higher)

  323
(2 studies)

⊕⊝⊝⊝

very low 1,2,4
SMD 0.03 (-0.19
to 0.24)

GORD-specific quality of life

(< 1 year)   The mean GORD-specific quality of life (< 1 year) in
the intervention groups was
0.58 standard deviations higher 
(0.46 to 0.7 higher)

  1160
(4 studies)

⊕⊕⊝⊝

low 1
SMD 0.58 (0.46
to 0.7)

(1 to 5 years)   The mean GORD-specific quality of life (1 to 5
years) in the intervention groups was
0.28 standard deviations higher 
(0.27 lower to 0.84 higher)

  994
(3 studies)

⊕⊝⊝⊝

very low 1,2,3
SMD 0.28 (-0.27
to 0.84)
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Adverse events

Serious adverse
events

124 per 1000 181 per 1000 
(125 to 262)

RR 1.46 
(1.01 to 2.11)

637
(2 studies)

⊕⊝⊝⊝

very low 1,5
 

Adverse events 10 per 1000 140 per 1000 
(8 to 1000)

RR 13.98 
(0.82 to 237.07)

83
(1 study)

⊕⊝⊝⊝

very low 1,3,5,6
 

Dysphagia

(< 1 year) 36 per 1000 129 per 1000 
(69 to 241)

RR 3.58 
(1.91 to 6.71)

637
(2 studies)

⊕⊝⊝⊝

very low 1,6
 

(1 to 5 years) 19 per 1000 101 per 1000 
(39 to 256)

RR 5.36 
(2.1 to 13.64)

554
(1 study)

⊕⊝⊝⊝

very low 1,6
 

(5 years or
more)

255 per 1000 229 per 1000 
(145 to 361)

RR 0.9 
(0.57 to 1.42)

228
(1 study)

⊕⊝⊝⊝

very low 1,3,6
 

Heartburn

(< 1 year) 222 per 1000 100 per 1000 
(67 to 153)

RR 0.45 
(0.3 to 0.69)

554
(1 study)

⊕⊝⊝⊝

very low 1,6
 

(1 to 5 years) 222 per 1000 42 per 1000 
(22 to 75)

RR 0.19 
(0.1 to 0.34)

554
(1 study)

⊕⊝⊝⊝

very low 1,6
 

(5 years or
more)

736 per 1000 412 per 1000 
(324 to 530)

RR 0.56 
(0.44 to 0.72)

217
(1 study)

⊕⊝⊝⊝

very low 1,6
 

Reflux

(< 1 year) 199 per 1000 20 per 1000 
(10 to 48)

RR 0.1 
(0.05 to 0.24)

554
(1 study)

⊕⊝⊝⊝

very low 1,6
 

(1 to 5 years) 139 per 1000 21 per 1000 
(8 to 49)

RR 0.15 
(0.06 to 0.35)

554
(1 study)

⊕⊝⊝⊝

very low 1,6
 

(5 years or
more)

357 per 1000 246 per 1000 
(164 to 367)

RR 0.69 
(0.46 to 1.03)

233
(1 study)

⊕⊝⊝⊝

very low 1,3,6
 

Long-term overall health-related quality of life and long-term GORD-specific quality of life were not reported in any of the trials.

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



L
a
p
a
ro

sco
p
ic fu

n
d
o
p
lica

tio
n
 su

rg
e
ry

 v
e
rsu

s m
e
d
ica

l m
a
n
a
g
e
m

e
n
t fo

r g
a
stro

-o
e
so

p
h
a
g
e
a
l re

flu
x
 d

ise
a
se

 (G
O
R
D
) in

 a
d
u
lts (R

e
v
ie

w
)

C
o
p
yrig

h
t ©

 2015 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio

n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

6

*The basis for the assumed risk was the mean control group risk across studies for all outcomes other than adverse events. For control group risk, 1% was used as the con-
trol group risk since there were no adverse events in the control group in the only trial that reported this outcome (Anvari 2011). The corresponding risk (and its 95% confi-
dence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 The trial(s) was/were at high risk of bias.
2 There was substantial heterogeneity.
3 The confidence intervals overlapped no eJect and 25% or more increase or 25% or more decrease or both.
4 There were fewer than 400 participants in both groups.
5 Some trials did not report this outcome although this can be expected to be reported in a randomised controlled trial of laparoscopic fundoplication versus medical treatment.
6 There were fewer than 300 events in total in both groups.
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B A C K G R O U N D

Description of the condition

Gastro-oesophageal reflux disease or GORD (GERD in North
America, as oesophagus is spelt 'esophagus') is a condition which
develops when the reflux of stomach contents causes troublesome
symptoms or complications or both (Vakil 2006). The symptoms
related to GORD are retrosternal burning sensation (heartburn)
and regurgitation (perception of flow of refluxed gastric content
into the mouth or laryngopharynx) (Vakil 2006). Patients have
to determine whether the symptoms are troublesome (Vakil
2006). In general, mild symptoms occurring on two or more
days in a week and moderate or severe symptoms occurring
on one or more days in a week are considered troublesome by
patients (Vakil 2006). The complications include reflux oesophagitis
(oesophageal mucosal injury), upper gastrointestinal bleeding,
reflux stricture (persistent narrowing of the oesophagus), and
Barrett's oesophagus (replacement of the normal stratified
squamous epithelium lining of the lower end of oesophagus with
simple columnar epithelial lining which is similar to the lining
of the stomach) (Vakil 2006), which in turn is a risk factor for
oesophageal cancer (Solaymani-Dodaran 2004). Other researchers
have hypothesised that there is a direct link between symptomatic
GORD and oesophageal cancer based on their observation of
increased oesophageal cancer irrespective of the presence of
Barrett's oesophagus (Cook 2014; Lagergren 1999). While there
has been significant controversy over the definition of GORD, the
international consensus definition of GORD includes asymptomatic
patients with complications, does not stipulate the method of
diagnosis, and includes reflux which may be weakly acidic or
gaseous (Vakil 2006).

There is global variation in the prevalence of GORD. The prevalence
is higher in Europe, North and South America, and the Middle
East, with a prevalence ranging between 9% and 33% of adults
compared to a prevalence ranging between 3% and 8% in East
Asia (Dent 2005; El-Serag 2014). The incidence of GORD is available
from the UK and the USA and is about five cases of GORD per 1000
person-years (Dent 2005; El-Serag 2014). The risk factors for GORD
include genetic factors such as a family history of reflux disease in
immediate relatives; demographic factors such as pregnancy, older
age and obesity; behavioural factors such as cigarette smoking,
excessive alcohol consumption, drug treatments such as non-
steroidal anti-inflammatory drugs (NSAIDs), oral steroids; and co-
morbidities such as abdominal pain, irritable bowel syndrome,
gallstone disease, asthma, chronic obstructive pulmonary disease,
chest pain, and angina. CoJee consumption, oral contraceptive
consumption, and hormonal replacement therapy are associated
with lower prevalence of GORD (Dent 2005). It should be noted that
these are associations and no causal association can be shown for
many of these factors.

Gastric contents are prevented from entering into the oesophagus
by the lower oesophageal sphincter (LOS). However, LOS relaxes
transiently resulting in the reflux of gastric contents into the
oesophagus, even in normal individuals (Boeckxstaens 2014b).
However, increased reflux of gastric contents into the oesophagus
and prolonged exposure of the lower oesophagus to gastric
contents are believed to contribute to the symptoms and
complications of GORD (Boeckxstaens 2014b). Hiatus hernia
lowers the competence and pressure of the LOS, reduces the
length of the gastro-oesophageal junction, and alters the opening

characteristics of the gastro-oesophageal junction. This results
in an increase in the exposure of the oesophagus to acid
(Boeckxstaens 2014b; Gordon 2004). Hiatus hernia is associated
with severe GORD symptoms and complications (Boeckxstaens
2014b; Gordon 2004; Vakil 2006).

Based on the international consensus conference definition,
GORD may be diagnosed based on typical symptoms alone
(heartburn and regurgitation) without any additional diagnostic
tests (Vakil 2006). Diagnostic tests that may be performed to
confirm the diagnosis include pH testing, impedence monitoring,
upper gastrointestinal endoscopy with or without histological
examination, or electron microscopy to confirm the presence of
one or more of the complications such as reflux oesophagitis,
Barrett's oesophagus, and oesophageal cancer (Vakil 2006).
Although a number of classification systems based on endoscopic
findings are still commonly used (Dent 2008), the international
consensus conference classifies GORD into oesophageal syndrome
(presence of heartburn, regurgitation, upper abdominal pain, chest
pain, which may be sometimes be similar to that of anginal
chest pain, reflux oesophagitis, upper gastrointestinal bleeding,
stricture, Barrett’s oesophagus, and oesophageal cancer) and
extraoesophageal syndromes (chronic cough, chronic laryngitis,
asthma, and dental erosions).

Description of the intervention

Apart from lifestyle and diet modifications, the major forms
of treatment for GORD are surgical and medical treatments
(Boeckxstaens 2014a).

Surgical treatment for GORD is in the form of fundoplication. There
are various modifications to original complete fundoplication
suggested by Nissen, mainly with regards to the amount
and area of the gastric fundus which is plicated and where
the wrap is fixed (Watson 1998). Fundoplication can be
performed by open or laparoscopic surgery (Watson 1998).
Recently endoscopic endoluminal fundoplication, which involves
fundoplication without any incision, has been proposed (Zacherl
2014). The complications related to fundoplication include injury
to nearby structures such as the liver, spleen, or oesophagus;
dysphagia (troublesome diJiculty in swallowing) (5%); wrap
migration (1%); recurrent regurgitation (1%); recurrent heartburn
(1% to 10%); and chest complications (3%) (Singhal 2009; Wileman
2010). Overall, 1% to 14% of patients undergoing fundoplication
develop complications (Wileman 2010).

The medical treatment is usually aimed at decreasing acidity
in the stomach (which may be in the form of proton pump
inhibitors, H2 (histamine H2 receptor) blockers or H2 receptor
antagonists, antacids, prokinetic drugs) and surgical treatment
(usually in the form of fundoplication, which can be performed by
open surgery, laparoscopic surgery, or by endoscopic endoluminal
fundoplication) (Boeckxstaens 2014a; Lundell 2001; Moayyedi
2008; Van Meer 2013; Wileman 2010; Zacherl 2014).

For GORD, the medical treatment is usually given orally.
Proton pump inhibitors are currently considered the main
treatment of GORD (Katz 2010a). Various proton pump inhibitors
include omeprazole, lansoprazole, pantoprazole, rabeprazole, and
esomeprazole (Katz 2010a). Proton pump inhibitors are generally
well tolerated, and adverse eJects are relatively infrequent. The
adverse eJects reported most oTen with proton pump inhibitors
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are headache, gastrointestinal disturbances, and rash. Occasionally
severe allergic reactions, anaphylactic reactions, muscle weakness,
reversible confusional states, mental disturbances, liver failure,
kidney damage, and angina have been reported (Martindale 2011).

The proton pump inhibitors may be supplemented with H2
blockers such as ranitidine, antacids such as magnesium
hydroxide, and prokinetic agents such as metoclopramide
or domperidone (Achem 1998; Boeckxstaens 2014a). Adverse
reactions to H2 blockers are generally infrequent. The most
common adverse eJects reported are diarrhoea and other
gastrointestinal disturbances, dizziness, tiredness, headache,
muscle and joint pain, and rash (Martindale 2011). The antacids are
generally safe. Adverse eJects depend upon the antacid taken and
the additional ingredients that the antacid preparation contains.
The reported adverse eJects include constipation, diarrhoea, and
flatulence (Martindale 2011). Adverse eJects related to prokinetic
agents include extrapyramidal symptoms (usually acute dystonic
reactions). Parkinsonism and tardive dyskinesia have occasionally
been reported, usually during prolonged treatment in elderly
patients. Metoclopramide may also cause galactorrhoea or related
disorders (Martindale 2011).

How the intervention might work

Fundoplication compresses the lower oesophagus, increasing the
LOS pressure and decreasing the intermittent relaxations of the
LOS (Watson 1998). This decreases the amount of gastric acid
which reaches the oesophagus. Medical treatments such as proton
pump inhibitors and H2 (histamine H2 receptor) blockers work by
decreasing the acid secretion (Achem 1998; Katz 2010a). Antacids
neutralise the gastric acid (Achem 1998). Prokinetics improve
the gastric motility and hence acid clearance by the oesophagus
(Achem 1998).

Why it is important to do this review

GORD is the most common gastrointestinal diagnosis in outpatient
clinical visits in the USA resulting in more than nine million
outpatient visits annually (Peery 2012). The estimated direct and
indirect costs of treatment and lost productivity due to GORD is
USD 10 billion annually in US, EUR 9.3 billion annually in Germany,
EUR 2.9 billion annually in Italy, and EUR 1.9 billion annually in
Spain (Darba 2011; Sandler 2002). There is currently no consensus
in the treatment of GORD. The previous Cochrane Review
on Medical versus surgical management for gastro-oesophageal
reflux disease (GORD) in adults included medical management
versus laparoscopic fundoplication surgery and concluded that
laparoscopic fundoplication surgery is more eJective than medical
management for the treatment of GORD in the short term to
medium term (Wileman 2010). This review is an update of the
above review with revised methodology that reflects the current
Cochrane methodology (Higgins 2011a). This review will provide
the best level of evidence on the comparative benefits and harms of
laparoscopic versus medical management for GORD, and so allow
patients and the healthcare providers involved in their care to make
informed decisions.

O B J E C T I V E S

To assess the benefits and harms of laparoscopic fundoplication
versus medical treatment for people with gastro-oesophageal
reflux disease.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs). We included
studies reported as full text, those published as abstract only,
and unpublished data. We excluded quasi-randomised studies and
observational studies because of the high risk of bias in such study
designs.

Types of participants

We included adults (> 16 years of age) with GORD irrespective of
the presence of symptoms, complications, or hiatus hernia and
judged to be suitable for either surgical or medical management.
We excluded patients who have symptomatic oesophageal stricture
due to GORD or those who have oesophageal dysplasia or cancer.

Types of interventions

We included trials comparing laparoscopic fundoplication versus
medical treatment for gastro-oesophageal disease irrespective
of the nature of the laparoscopic fundoplication or medical
treatment. We excluded trials in which the comparisons solely
involve comparison of diJerent forms of medical treatment or
diJerent forms of laparoscopic fundoplications. We accepted co-
interventions, for example, the use of lifestyle modification advice,
provided that they were used equally in both the groups.

Types of outcome measures

Primary outcomes

1. Health-related quality of life (HRQoL) (using any validated
scale).
a. Short-term (four weeks to 12 months).

b. Medium-term (one year to five years).

c. Long-term (five years or more).

2. GORD-specific quality of life (QoL)
a. Short-term (four weeks to 12 months).

b. Medium-term (one year to five years).

c. Long-term (five years or more).

3. Serious adverse events (within three months of cessation of
treatment - for surgery this period refers to three months aTer
index surgery). We will accept the following definitions of serious
adverse events.
a. ICH-GCP International Conference on Harmonisation - Good

Clinical Practice guideline (ICH-GCP 1996): serious adverse
events defined as any untoward medical occurrence that
results in death, is life-threatening, requires inpatient
hospitalisation or prolongation of existing hospitalisation,
results in persistent or significant disability/incapacity.

b. Other variations of ICH-GCP classifications such as Food
and Drug Administration (FDA) classification (FDA 2006),
Medicines and Healthcare products Regulatory Agency
(MHRA) classification (MHRA 2013).

Secondary outcomes

1. Adverse events (within three months of cessation of treatment
- for surgery this period refers to three months aTer index
surgery). We will accept all adverse events reported by the study
author irrespective of the severity of the adverse event.
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2. Dysphagia.
a. Short-term (four weeks to 12 months).

b. Medium-term (one year to five years).

c. Long-term (five years or more).

3. Heartburn.
a. Short-term (four weeks to 12 months).

b. Medium-term (one year to five years).

c. Long-term (five years or more).

4. Reflux.
a. Short-term (four weeks to 12 months).

b. Medium-term (one year to five years).

c. Long-term (five years or more).

The choice of the above clinical outcomes was to assess the
comparative safety and clinical improvement, in terms of reduced
symptoms and complications, resulting in an improvement in
the health-related quality of life between surgical and medical
treatment in patients with GORD.

Reporting of the outcomes listed here were not an inclusion criteria
for the review.

Search methods for identification of studies

Electronic searches

We conducted a literature search to identify all published and
unpublished randomised controlled trials (RCTs). The literature
search identified potential studies in all languages. We planned to
translate the non-English language papers and fully assess them for
potential inclusion in the review as necessary.

We searched the following electronic databases (via the OVID
platform) to identify potential studies:

• Cochrane Central Register of Controlled Trials (CENTRAL), (The
Cochrane Library Issue 6, 2015 (Appendix 1);

• Cochrane Upper Gastrointestinal and Pancreatic Diseases Group
(UGPD) Trials Register (June 2015);

• Ovid MEDLINE (1966 to June 2015) (Appendix 2); and

• EMBASE (1980 to June 2015) (Appendix 3).

Details of the previous search strategies are provided in Appendix 4

Searching other resources

We checked reference lists of all primary studies and review articles
for additional references. We contacted authors of identified trials
and asked them to identify other published and unpublished
studies.

We searched for errata or retractions from eligible trials on http://
www.ncbi.nlm.nih.gov/pubmed and report the date this was done
within the review.

Data collection and analysis

Selection of studies

Two review authors (SG and KG) independently screened titles and
abstracts of all the potential studies we identified as a result of the
search and coded them as 'retrieve' (eligible or potentially eligible/
unclear) or 'do not retrieve'. We retrieved the full-text study reports
and two review authors (SG and KG) independently screened the

full text and identified studies for inclusion. We identified and
recorded reasons for exclusion of the ineligible studies. We resolved
any disagreement through discussion. We identified and excluded
duplicates and collated multiple reports of the same study so that
each study rather than each report was the unit of interest in the
review. We recorded the selection process in suJicient detail to
complete a PRISMA flow diagram and characteristics of excluded
studies table.

Data extraction and management

We used a standard data collection form for study characteristics
and outcome data which has been piloted on at least one study in
the review. Two review authors (SG and KG) extracted the following
study characteristics from the included studies.

1. Methods: study design, total duration of the study and run
in, number of study centres and location, study setting,
withdrawals, date of study.

2. Participants: number (n), mean age, age range, gender, hiatal
hernia status, Barrett's oesophagus status, body mass index,
inclusion criteria, exclusion criteria.

3. Interventions: intervention, comparison, concomitant
interventions.

4. Outcomes: primary and secondary outcomes specified and
collected, time points reported.

5. Notes: funding for trial, notable conflicts of interest of trial
authors.

Two review authors (SG and KG) independently extracted outcome
data from the included studies. If outcomes were reported multiple
times for the same time point, for example, short-term health-
related quality of life was reported at three months and 12
months, the later time point (i.e. 12 months) was chosen for data
extraction. For time-to-event outcomes, we planned to extract
data to calculate the natural logarithm of the hazard ratio and
its standard error using the methods suggested by Parmar et al
(Parmar 1998).

We included all randomised participants for medium outcomes (for
example, dysphagia) and this was not conditional upon the short-
term outcomes (for example, having or not having a dysphagia at
12 months).

We planned to note in the characteristics of included studies table
if outcome data were reported in an unusable way. We resolved
disagreements by consensus. One review author (KG) copied across
the data from the data collection form into the Review Manager
file (Review Manager 2014). We double checked that the data were
entered correctly by comparing the study reports with how the data
are presented in the systematic review.

Assessment of risk of bias in included studies

Two review authors (SG and KG) independently assessed risk of
bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).
Any disagreement was resolved by discussion. We assessed the risk
of bias according to the following domains;

1. random sequence generation;

2. allocation concealment;

3. blinding of participants and personnel;
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4. blinding of outcome assessment;

5. incomplete outcome data;

6. selective outcome reporting;

7. other bias.

We graded each potential source of bias as high, low or unclear and
provide a quote from the study report together with a justification
for our judgment in the risk of bias table. We have summarised
the risk of bias judgements across diJerent studies for each of
the domains listed. Where information on risk of bias relates to
unpublished data or correspondence with a trialist, we have noted
this in the risk of bias table.

When considering treatment eJects, we have taken into account
the risk of bias for the studies that contributed to that outcome.

Assesment of bias in conducting the systematic review

We have conducted the review according to the current guidelines
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011a). We have reported any deviations from the previous
review in the 'DiJerences between current review and previous
review' section of the systematic review.

Measures of treatment e?ect

We have analysed dichotomous data as risk ratio (RR) and
continuous data as standardised mean diJerence (SMD) since
diJerent scales were used for measuring the quality of life. We have
ensured that higher scores for continuous outcomes have the same
meaning for the particular outcome, explained the direction to the
reader and reported where the directions were reversed if this was
necessary. We have calculated the rate ratio for outcomes such as
adverse events and serious adverse events, where it is possible
for the same person to develop more than one adverse event (or
serious adverse event). If the authors had calculated the rate ratio
of adverse events (or serious adverse events) in the intervention
versus control based on Poisson regression, we planned to obtain
the rate ratio by the Poisson regression method in preference to rate
ratio calculated based on the number of adverse events (or serious
adverse events) during a certain period. We planned to calculate
the hazard ratio (HR) for time-to-event outcomes such as time-to-
first adverse event (or serious adverse event).

We have undertaken meta-analyses if this was meaningful, that is
if the treatments, participants and the underlying clinical question
were similar enough for pooling to make sense.

A common way that trialists indicate when they have skewed
data is by reporting medians and interquartile ranges. When we
encountered this we planned to note that the data is skewed and
consider the implication of this.

Where multiple trial arms are reported in a single trial, we
planned to include only the relevant arms. If two comparisons (e.g.
omeprazole versus laparoscopic fundoplication and lansoprazole
versus laparoscopic fundoplication) must be entered into the same
meta-analysis, we planned to halve the control group to avoid
double counting. The alternative way of including such trials
with multiple arms is to pool the results of the omeprazole and
lansoprazole and compare it with laparoscopic fundoplication. We
planned to perform a sensitivity analysis to determine if the results
of the two methods of dealing with multi-arm trials lead to diJerent
conclusions.

Unit of analysis issues

The units of analyses were individual patients with GORD. If cluster-
randomised trials were identified, we planned to obtain the eJect
estimate adjusted for the clustering eJect. If this was not available,
we planned to perform a sensitivity analysis excluding the trial from
the meta-analysis as the variance of the eJect estimate unadjusted
for cluster eJect is less than the actual variance which is adjusted
for cluster-eJect, giving inappropriately more weight to the cluster
RCT in the meta-analysis.

Dealing with missing data

We attempted to contact investigators or study sponsors in order
to verify key study characteristics and obtain missing numerical
outcome data where possible (e.g. when a study is identified as
abstract only). If we were unable to obtain the information from the
investigators or study sponsors, we planned to impute mean from
median (i.e. consider median as the mean) and standard deviation
from standard error, inter-quartile range, or P values according
to the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011c) but planned to assess the impact of including such
studies as indicated in a sensitivity analysis. If we were unable to
calculate the standard deviation from standard error, inter-quartile
range, or P values, we planned to impute standard deviation as
the highest standard deviation in the remaining trials included in
the outcome, fully aware that this method of imputation would
decrease the weight of the studies in the meta-analysis of mean
diJerence and shiT the eJect towards no eJect for standardised
mean diJerence.

Assessment of heterogeneity

We used the I2 statistic to measure heterogeneity among the
trials in each analysis (Higgins 2003). If we identified substantial
heterogeneity as per the Cochrane Handbook for Systematic
Reviews of Interventions (> 50% to 60%), we planned to explore it by
pre-specified subgroup analysis.

Assessment of reporting biases

We attempted to contact study authors to ask them to provide
missing outcome data. When this was not possible, and the missing
data were thought to introduce serious bias, we planned to assess
the impact of including such studies in the overall assessment of
results by a sensitivity analysis.

Since there were fewer than 10 trials for all the outcomes, we did not
create and examine a funnel plot to explore possible publication
biases. We planned to use Egger's test to determine the statistical
significance of the reporting bias (Egger 1997). We planned to use a
P value less than 0.05 to show statistically significant reporting bias.

Data synthesis

We performed analyses using RevMan 5.3 (Review Manager 2014).
We used the Mantel Haenszel method for dichotomous data,
inverse variance method for continuous data, and generic inverse
variance for count data. We planned to use generic inverse variance
for time-to-event data. We used both the fixed-eJect model and
random-eJects model for the analysis. We have used a random-
eJects model (DerSimonian 1986) and a fixed-eJect model (Demets
1987). In case of discrepancy between the two models, we have
reported both results; otherwise we have reported only the results
from the fixed-eJect model.
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'Summary of findings' table

We created a 'Summary of findings' table using all outcomes. We
used the five GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) considerations (study limitations,
consistency of eJect, imprecision, indirectness and publication
bias) to assess the quality of a body of evidence as it related to the
studies that contributed data to the meta-analyses for prespecified
outcomes.

We used methods and recommendations as described in Section
8.5 and Chapter 12 of the Cochrane Handbook for Systematic
Reviews of Interventions (Schünemann 2011) and used GRADEpro
soTware (GRADEpro GDT). We justified all decisions to downgrade
or upgrade the quality of studies by using footnotes and
making comments to aid the reader's understanding of the
review whenever necessary. We planned to consider whether any
additional outcome information could not be incorporated into the
meta-analyses and noted this in the comments, stating whether it
supported or contradicted the information derived from the meta-
analyses.

Subgroup analysis and investigation of heterogeneity

We planned to carry out the following subgroup analyses.

1. Presence versus absence of hiatus hernia.

2. Includes proton pump inhibitor as part of treatment versus
those that do not include proton pump inhibitors as part of
treatment.

3. Standard recommended dose versus high dose medical
treatment.

4. DiJerent methods of fundoplication.

We planned to use all the primary outcomes in subgroup analysis.

We planned to use the formal chi2 test for subgroup diJerences to
test for subgroup interactions.

Sensitivity analysis

We planned to perform sensitivity analysis to assess the robustness
of our conclusions. This would have involved:

1. Excluding trials at unclear or high risk of bias (one of more of the
risk of bias domains (other than blinding of surgeon) classified
as unclear or high).

2. Excluding trials in which either mean or standard deviation or
both were imputed.

3. Excluding cluster RCTs in which the adjusted eJect estimates
were not reported.

4. DiJerent methods of dealing with multi-arm trials (please see
Measures of treatment eJect).

Reaching conclusions

We have based our conclusions only on findings from the
quantitative or narrative synthesis of included studies for
this review. We have avoided making recommendations for
practice and our implications for research explain any remaining
uncertainties to the reader, giving a clear sense of what the focus of
any future research in the area should be.

R E S U L T S

Description of studies

Results of the search

We identified 222 references through electronic searches of
the diJerent databases. ATer removing duplicate references
there were 173 references. We excluded 147 clearly irrelevant
references through reading abstracts. A total of 26 references
were retrieved for further assessment in detail, from the full
publication. We excluded nine references for the reasons listed
in the 'Characteristics of excluded studies'. Seventeen references
of four randomised controlled trials (RCTs) fulfilled the inclusion
criteria (Characteristics of included studies). The reference flow is
shown in Figure 1.
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Figure 1.   Study flow diagram.
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Included studies

The four studies were published between 2005 and 2011. Two were
performed in multiple centres in the UK (Grant 2008; Mahon 2005),
one was conducted in 11 European countries (Lundell 2008) and the
remaining study was conducted at a single centre in Canada (Anvari
2011). The characteristics of the included studies are described
in the 'Characteristics of included studies' table. Sample sizes in
the trials ranged from 104 to 554 participants, with a total of 1232
randomised participants. Seventy two of these participants were
excluded in two trials (Anvari 2011; Mahon 2005). Outcomes were
reported on the remaining 1160 participants in the four trials.

Participants

The mean age of participants in the included trials ranged from 43
to 48 years (Anvari 2011; Grant 2008; Lundell 2008; Mahon 2005).
The proportion of women in the trials ranged from 28% to 59% in
the three trials that provided this information (Anvari 2011; Grant
2008; Lundell 2008). In two trials, the participants had had reflux
symptoms for at least 12 months (Anvari 2011; Grant 2008). In the
remaining two trials, the participants had had reflux symptoms
for at least six months (Lundell 2008; Mahon 2005). In two trials,
the participants had received acid suppressive therapy for at least
12 months (Anvari 2011; Grant 2008). In one trial, the participants
had received acid suppressive therapy for at least three months
(Mahon 2005). In the remaining trial, the participants had received
long-term acid suppressive therapy but the minimum duration of
this treatment was not reported (Lundell 2008). None of the trials

reported the proportion of participants who had hiatus hernia or
Barrett's oesophagus. All the trials included participants who could
undergo surgery if randomised to the surgery arm.

Intervention and control

Surgery was by laparoscopic Nissen fundoplication in three trials
(Anvari 2011; Lundell 2008; Mahon 2005). In the remaining trial,
laparoscopic fundoplication was performed according to the
surgeon's preference (Grant 2008). In all the four trials, laparoscopic
fundoplications were performed by experienced surgeons (Anvari
2011; Grant 2008; Lundell 2008; Mahon 2005). In all four trials,
the medical treatment was proton pump inhibitor. In one trial,
the proton pump inhibitor used was esomeprazole 20 mg daily
that could be increased step-wise up to 40 mg daily and could
be adjusted to 20 mg twice daily (Lundell 2008). In the remaining
trials, proton pump inhibitors were administered according to local
protocol (Anvari 2011; Grant 2008; Mahon 2005).

Excluded studies

Two references were non-randomised studies (Gutschow 2009;
Rantanen 2013). Four references included open anti-reflux surgery
(Lundell 2000; Lundell 2007; Lundell 2009; Spechler 2001) and three
references included endoscopic anti-reflux surgery (Trad 2013; Trad
2014; Witteman 2013) as the method of anti-reflux surgery.

Risk of bias in included studies

The risk of bias is summarised in Figure 2 and Figure 3.
 

Figure 2.   Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.
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Figure 3.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.

 
Allocation

Two trials described the method of random sequence generation
and allocation concealment and can be considered to be at low risk
of selection bias (Anvari 2011; Grant 2008). The random sequence
generation and allocation concealment were not reported in the
remaining two trials (Lundell 2008; Mahon 2005).

Blinding

It is impossible to blind participants and the healthcare providers
who perform the intervention in trials comparing medical and
surgical treatments. So, all the trials were at high risk of
performance bias. It is possible to blind the outcome assessors.
However, none of the trials reported blinding of outcome assessors.
So, all the trials were at unclear or high risk of detection bias.

Incomplete outcome data

In two trials, 20% and 24% of participants were excluded from
analysis (Anvari 2011; Mahon 2005). These trials were at high risk
of attrition bias. In the remaining two trials, an intention-to-treat
analysis was performed and so these two trials were at low risk of
attrition bias (Grant 2008; Lundell 2008).

Selective reporting

We were unable to identify a published protocol of any of the trials.
Two trials reported the important clinical outcomes adequately
and are considered to be at low risk of selective reporting bias
(Anvari 2011; Lundell 2008). The remaining two trials did not report
the treatment-related complications adequately and are at high
risk of selective reporting bias (Grant 2008; Mahon 2005).
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Other potential sources of bias

Two trials were funded by organisations with vested interests in
the results and are subject to bias due to their source of funding
(Lundell 2008; Mahon 2005). The remaining two trials were funded
by organisations without vested interests in the results and were
at low risk of source-of-funding bias. The surgeons in all the trials
were experienced in laparoscopic fundoplication and are free from
diJerential expertise bias.

E?ects of interventions

See: Summary of findings for the main comparison
Laparoscopic fundoplication versus medical management for
gastro-oesophageal reflux disease (GORD) in adults

The eJect of intervention on various outcomes is summarised in
the 'Summary of findings' Table. Long-term overall health-related
quality of life and long-term GORD-specific quality of life were not
reported in any of the trials.

Health related quality of life (HRQoL)

Short-term (four weeks to 12 months)

Three trials reported short-term HRQoL (Anvari 2011; Grant 2008;
Mahon 2005). One trial used SF-36 to measure HRQoL (Anvari 2011).
One trial used EQ-5D to measure HRQoL (Grant 2008). The last trial
used a general well-being score to measure HRQoL (Mahon 2005).
There was no statistically significant diJerence in HRQoL between
the two groups (SMD 0.14, 95% CI -0.02 to 0.30; participants =

605; studies = 3; I2 = 64%). There was substantial heterogeneity
in the results. Using the random-eJects model did not alter the
conclusions.

Medium-term (one year to five years)

Two trials reported medium-term HRQoL (Anvari 2011; Grant 2008).
One trial used SF-36 to measure HRQoL (Anvari 2011). The other
trial used EQ-5D to measure HRQoL (Grant 2008). There was no
statistically significant diJerence in HRQoL between the two groups

(SMD 0.03, 95% CI -0.19 to 0.24; participants = 323; studies = 2; I2 =
65%). There was substantial heterogeneity in the results. Using the
random-eJects model did not alter the conclusions.

GORD-specific quality of life (QoL)

Short-term (four weeks to 12 months)

All four trials reported short-term GORD-specific QoL (Anvari
2011; Grant 2008; Lundell 2008; Mahon 2005). One trial used
the Gastroesophageal Reflux Symptom Score (GERSS) to measure
GORD-specific QoL (Anvari 2011). One trial used REFLUX QoL
to measure GORD-specific QoL (Grant 2008). One trial used the
Gastrointestinal Symptom Rating Scale (GSRS) to measure GORD-
specific QoL (Lundell 2008). The last trial used a gastrointestinal
well-being score to measure GORD-specific QoL (Mahon 2005).
The GORD-specific QoL was significantly better with laparoscopic
fundoplication than medical treatment (SMD 0.58, 95% CI 0.46 to

0.70; participants = 1160; studies = 4; I2 = 40%). The heterogeneity
was not considered important since all the studies were suggesting
better GORD-specific QoL in the surgical groups than in the medical
treatment groups. Using the random-eJects model did not alter the
conclusions.

Medium-term (one year to five years)

Three trials reported medium-term GORD-specific QoL (Anvari
2011; Grant 2008; Lundell 2008). One trial used the
Gastroesophageal Reflux Symptom Score (GERSS) to measure
GORD-specific QoL (Anvari 2011). One trial used REFLUX QoL
to measure GORD-specific QoL (Grant 2008). The last trial
used Gastrointestinal Symptom Rating Scale (GSRS) to measure
GORD-specific QoL (Lundell 2008). The GORD-specific QoL was
significantly better with laparoscopic fundoplication than medical
treatment (SMD 0.34, 95% CI 0.22 to 0.47; participants = 994; studies

= 3; I2 = 94%) when the fixed-eJect model was used, but on using
the random-eJects model, there was no statistically significant
diJerence in GORD-specific QoL between the two groups (SMD 0.28,

95% CI -0.27 to 0.84; participants = 994; studies = 3; I2 = 94%). There
was considerable heterogeneity in the results between the studies.

Serious adverse events

Two trials reported the severity of complications (Anvari 2011;
Lundell 2008). There were no serious adverse events in either group
in one trial (Anvari 2011). In the other trial, the proportion of
people with serious adverse events was statistically significantly
higher in the laparoscopic fundoplication group than in the medical
treatment group (RR 1.46, 95% CI 1.01 to 2.11; participants =
637; studies = 2). Since only one trial contributed to the meta-
analysis (the other trial being a zero-event trial), we did not assess
heterogeneity and the issue of fixed-eJect model versus random-
eJects model does not arise.

Adverse events

One trial reported all adverse events (Anvari 2011). There was
no statistically significant diJerence in the proportion of people
with adverse events between the groups (RR 13.98, 95% CI 0.82
to 237.07; participants = 83; studies = 1). Since only one trial was
included in this outcome, we did not assess heterogeneity and the
issue of fixed-eJect model versus random-eJects model does not
arise.

Dysphagia

Short-term (four weeks to 12 months)

Two trials reported short-term dysphagia (Anvari 2011; Lundell
2008). The proportion of people with dysphagia was statistically
significantly higher aTer laparoscopic fundoplication than medical
treatment (RR 3.58, 95% CI 1.91 to 6.71; participants = 637; studies

= 2; I2 = 0%). There was no heterogeneity in the results between
the studies. Using the random-eJects model did not alter the
conclusions.

Medium-term (one year to five years)

One trial reported medium-term dysphagia (Lundell 2008). The
proportion of people with dysphagia was statistically significantly
higher aTer laparoscopic fundoplication than medical treatment
(RR 5.36, 95% CI 2.10 to 13.64; participants = 554; studies = 1).
Since only one trial was included in this outcome, we did not assess
heterogeneity and the issue of fixed-eJect model versus random-
eJects model does not arise.

Long-term (five years or more)

One trial reported long-term dysphagia (Grant 2008). There was no
statistically significant diJerence in the proportion of people with
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dysphagia between the two groups (RR 0.90, 95% CI 0.57 to 1.42;
participants = 228; studies = 1). Since only one trial was included
in this outcome, we did not assess heterogeneity and the issue of
fixed-eJect model versus random-eJects model does not arise.

Heartburn

Short-term (four weeks to 12 months)

One trial reported short-term heartburn (Lundell 2008). The
proportion of people with heartburn was statistically significantly
less aTer laparoscopic fundoplication than medical treatment (RR
0.45, 95% CI 0.30 to 0.69; participants = 554; studies = 1). Since
only one trial was included in this outcome, we did not assess
heterogeneity and the issue of fixed-eJect model versus random-
eJects model does not arise.

Medium-term (one year to five years)

One trial reported medium-term heartburn (Lundell 2008). The
proportion of people with heartburn was statistically significantly
less aTer laparoscopic fundoplication than medical treatment (RR
0.19, 95% CI 0.10 to 0.34; participants = 554; studies = 1). Since
only one trial was included in this outcome, we did not assess
heterogeneity and the issue of fixed-eJect model versus random-
eJects model does not arise.

Long-term (five years or more)

One trial reported long-term heartburn (Grant 2008). The
proportion of people with heartburn was statistically significantly
less aTer laparoscopic fundoplication than medical treatment (RR
0.56, 95% CI 0.44 to 0.72; participants = 217; studies = 1). Since
only one trial was included in this outcome, we did not assess
heterogeneity and the issue of fixed-eJect model versus random-
eJects model does not arise.

Reflux

Short-term (four weeks to 12 months)

One trial reported short-term reflux (Lundell 2008). The proportion
of people with reflux was statistically significantly less aTer
laparoscopic fundoplication than medical treatment (RR 0.10, 95%
CI 0.05 to 0.24; participants = 554; studies = 1). Since only one trial
was included in this outcome, we did not assess heterogeneity and
the issue of fixed-eJect model versus random-eJects model does
not arise.

Medium-term (one year to five years)

One trial reported medium-term reflux (Lundell 2008). The
proportion of people with reflux was statistically significantly less
aTer laparoscopic fundoplication than medical treatment (RR 0.15,
95% CI 0.06 to 0.35; participants = 554; studies = 1). Since only one
trial was included in this outcome, we did not assess heterogeneity
and the issue of fixed-eJect model versus random-eJects model
does not arise.

Long-term (five years or more)

One trial reported long-term reflux (Grant 2008). There was no
statistically significant diJerence in the proportion of people with
reflux between the two groups (RR 0.69, 95% CI 0.46 to 1.03;
participants = 233; studies = 1). Since only one trial was included
in this outcome, we did not assess heterogeneity and the issue of
fixed-eJect model versus random-eJects model does not arise.

Subgroup analysis

We did not perform any subgroup analysis. None of the trials
reported the results separately for participants with hiatus hernia,
so a subgroup analysis of participants with hiatus hernia could not
be performed. All the trials included proton pump inhibitors as
part of the medical treatment, so a subgroup analysis of trials that
included proton pump inhibitors as part of treatment versus those
that did not include proton pump inhibitors as part of treatment
could not be performed. Only one of the trials specified the dose
of proton pump inhibitor, so a subgroup analysis of standard
recommended dose versus high dose medical treatment could not
be performed. Three trials used laparoscopic Nissen fundoplication
and one trial used laparoscopic fundoplication according to the
surgeon's preference, so a subgroup analysis of diJerent methods
of fundoplication could not be performed.

Sensitivity analysis

We did not perform any sensitivity analysis. All the trials were
at high risk of bias, so a sensitivity analysis excluding trials at
unclear or high risk of bias could not be performed. We did not
impute the mean or standard deviation for any of the comparisons,
so a sensitivity analysis excluding trials in which either mean or
standard deviation or both were imputed could not be performed.
There were no cluster RCTs, so a sensitivity analysis excluding
cluster RCTs in which the adjusted eJect estimates were not
reported could not be performed. All the trials were two-armed
trials, so a sensitivity analysis excluding diJerent methods of
dealing with multi-arm trials could not be performed.

Reporting bias

Two trials did not report the treatment-related complications
adequately. Hence the outcomes 'serious adverse events' and
'adverse events' are subject to reporting bias. Since there were
fewer than 10 trials for all the outcomes, we did not create and
examine a funnel plot to explore possible publication biases.

D I S C U S S I O N

Summary of main results

In this systematic review of laparoscopic fundoplication versus
medical treatment, we identified four RCTs. There was no evidence
of any diJerence in the overall short-term or medium-term health-
related quality of life between the groups. The short-term GORD-
specific quality of life was better in the laparoscopic fundoplication
group than in the medical treatment group. However, there was
no evidence of any diJerence in the medium-term GORD-specific
quality of life. None of the trials reported long-term overall or
GORD-specific quality of life. The proportion of people with serious
adverse events was higher in the laparoscopic fundoplication group
than in the medical treatment group. There was no evidence of any
diJerence in the proportion of people with overall adverse events
between the groups. The proportion of people with dysphagia
was greater in the laparoscopic fundoplication group than in the
medical treatment group in the short and medium terms. There
was no evidence of any diJerence in the proportion of people with
long-term dysphagia between the groups. The proportion of people
with heartburn was less in the laparoscopic fundoplication group
than in the medical treatment group at short term, medium term
and long term, and the proportion of people with reflux symptoms
was also less in the laparoscopic fundoplication group than in the
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medical treatment group at short term and medium term. There
was no evidence of any diJerence in the proportion of people with
long-term reflux symptoms between the groups.

All the studies indicated better GORD-specific quality of life in the
short term in the laparoscopic fundoplication group compared to
the medical treatment group. Despite using valid scales to measure
the GORD-specific quality of life, it is not clear how the diJerence
translates into clinical importance to the patient, such as fewer
work days lost or improved social activity. There was no evidence
of a diJerence in the GORD-specific quality of life beyond the
short term. There was no evidence of a diJerence in the health-
related quality of life between the groups at any time-point. It is
not reasonable to prefer one treatment over another because of the
short-lived benefits of laparoscopic fundoplication over medical
treatment.

Dysphagia was higher in the laparoscopic fundoplication group
than in the medical treatment group in the short and medium
terms. Heartburn and reflux symptoms were less in the
laparoscopic fundoplication group than in the medical treatment
group in the short and medium terms. Long-term heartburn
symptoms were less in the laparoscopic fundoplication group than
in the medical treatment group but there was no evidence of a
diJerence in the long-term dysphagia or reflux symptoms. Severity
and impact (social and economic) were not reported, so it is diJicult
to recommend treatments based on these outcomes.

Adverse events and their severity were not reported adequately
in two trials (Grant 2008; Mahon 2005). It is important to know
the complications related to the two treatment groups and
the severity of these complications before the treatment can
be recommended. It was not possible to assess this from this
systematic review. A review of a US database including 13,050
patients who had undergone laparoscopic fundoplication reported
a reoperation rate of approximately 5% at 5 years and 7% at
10 years (Zhou 2015). The majority of these reoperations were
'redo' fundoplications (87% of reoperations) while the remaining
13% of reoperations were reversal of fundoplication (Zhou 2015).
Redo fundoplications are generally carried out for failure of
improvement of existing symptoms or new symptoms of GORD
(Smith 2005). Reversal of fundoplication is usually performed
because of symptoms such as bloating and dysphagia. A review of
a Danish database including 2465 patients who had undergone an
open or laparoscopic fundoplication reported a 30-day mortality
of 0.46% and a reoperation rate of 5% (Funch-Jensen 2008).
Thus, the complications of laparoscopic fundoplication cannot
be taken lightly. The major adverse events associated with long-
term proton pump inhibitor treatment are a modest increase in
the risk of osteoporosis-related fractures; an increase in the risk
of Clostridium diJicile infections in people who are admitted to
hospital, from 0.3% to 0.9%; an increase in community-acquired
pneumonias; and an increase of approximately 30% in hospital-
acquired pneumonias from the baseline rate of 2% (Gray 2010;
Herzig 2009; Howell 2010; Katz 2010b; Lambert 2015).

The choice between surgical and medical treatment is therefore
likely to be based on whether people prefer to undergo a procedure
that has a risk of mortality of around 0.5% and a reoperation rate
of around 5%, or take long-term medical treatment which carries a
modest increased risk of fractures, Clostridium diJicile infections if
admitted to hospital, and pneumonia.

Overall completeness and applicability of evidence

All four studies included in this review compared laparoscopic
fundoplication with proton pump inhibitor treatment. The results
of this systematic review are therefore only applicable when the
choice has to be made between laparoscopic fundoplication and
proton pump inhibitor treatment in people for whom laparoscopic
fundoplication or long-term proton pump inhibitor treatment is a
viable option.

Quality of the evidence

All the trials were considered to be at high risk of bias. While it
is impossible to blind participants and healthcare providers who
perform the treatment, it is possible to blind outcome assessors.
Given that most of the outcomes are subjective outcomes, lack of
outcome assessor blinding introduces bias to the eJect estimates.
Another major source of bias is the post-randomisation drop-
out of 20% and 24% in two trials (Anvari 2011; Mahon 2005). In
another trial, only 60% to 65% of participants were included in the
long-term outcomes (Grant 2008) reflecting the diJiculty in long-
term follow-up of trial participants. Exclusion of the participants
is likely to overestimate the treatment benefits. The proportion of
people who underwent surgery and who started taking medical
treatment (hence exposing the patients to the risk of long-term
medical treatment) was not clear from the trials. There was
substantial heterogeneity in some of the outcomes (short-term and
medium-term overall health-related quality of life and medium-
term GORD-specific quality of life). In the absence of significant
heterogeneity in participants and treatment (three trials used
laparoscopic Nissen fundoplication and one trial used laparoscopic
fundoplication according to the surgeon's preference; three trials
used a pragmatic approach of medical treatment according to local
protocol), the heterogeneity could be because of the instruments
used to measure the quality of life. This also introduces additional
uncertainty since diJerent validated instruments result in diJerent
results. Many of the outcomes had only been reported by one of the
included trials. This introduces uncertainty since we can consider
that these results were never reproduced. Overall, the quality of
evidence was low or very low for all the outcomes.

Potential biases in the review process

We took a systematic approach to each stage in the review
process, including the search for literature, selection of titles
and abstracts for full critical appraisal and data extraction. Two
authors independently assessed all studies and disagreements
were resolved by discussion.

Agreements and disagreements with other studies or
reviews

The previous version of this review suggested that laparoscopic
fundoplication surgery was more eJective than medical
management for the treatment of GORD at least in the short to
medium term, that surgery carries some risk, and whether the
benefits of surgery are sustained in the long term remains uncertain
(Wileman 2010). Our conclusions have changed with use of current
Cochrane Handbook guidelines to interpret the evidence.
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is considerable uncertainty in the balance of benefits versus
harms of laparoscopic fundoplication compared to long-term
medical treatment with proton pump inhibitors.

Implications for research

Further RCTs of laparoscopic fundoplication versus medical
management in patients with GORD should be conducted with
outcome-assessor blinding, and should include all participants
in the analysis. Such trials should include long-term patient-
orientated outcomes such as treatment-related adverse events

(including severity), quality of life, and also report on the social and
economic impact of the adverse events and symptoms.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised clinical trial

Participants Country: Canada.

Number randomised: 104

Post-randomisation drop-outs: 21 (20.2%)

Anvari 2011 
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Revised sample size: 83

Average age: 43 years

Females: 49 (59%)

Barretts oesophagus: not stated

Hiatus hernia: not stated

Body mass index: not stated

Inclusion criteria

1. Men or women aged 18 to 70 years old with chronic reflux symptoms requiring long-term therapy.

2. Prior long-term treatment with proton pump inhibitor (minimum duration 1 year) with expected fu-
ture duration of at least two more years.

3. Symptoms controlled before the study, defined as a GERD symptom score of less than 18 and a score
of 70 or more on 1-100 Global Visual Analog Scale (VAS) (on medication).

4. Percentage of acid reflux in 24 hours exceeding 4% at baseline (oJ medication).

5. Positive Bernstein test at baseline.

6. Willingness to adhere to randomized treatment, with availability for three years of follow-up.

7. Ability to answer self-administered and interviewer-administered questions in English.

8. Signed informed consent.

Exclusion criteria

1. Aperistaltic oesophagus.

2. Severe cardiac, respiratory, hematologic, or other disease constituting an unacceptable surgical risk
in the investigator’s opinion.

3. Previous gastric, oesophageal, or antireflux surgery.

4. Malignancy within the past year, with the exception of basal cell carcinoma.

5. Pregnancy or an intention to become pregnant in the next three years.

Interventions Participants were randomly assigned to two groups.
Group 1: surgery (n = 43)
Further details: Laparoscopic Nissen fundoplication
Group 2: medical treatment (n = 40)
Further details: Same PPI dose as previous treatment.

Outcomes The outcomes reported were health-related quality of life, GERD-specific quality of life, and adverse
events.

Notes Reasons for post-randomisation drop-outs: nine: surgical treatment (one did not follow received allo-
cation; eight lost to follow-up) and 12: medical treatment (two did not follow received allocation; 10
lost to follow-up).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The uniform random integers, 0 through 9, were generated in Minitab
12 (Minitab Inc, State College, PA) for each stratum….. The groups of 16 for
blocks of 2 or 4 were generated at random, using single-digit random num-
bers, odd being SC (surgery, control) and even being CS".

Allocation concealment
(selection bias)

Low risk Quote: "To this extent the research assistants checking the eligibility were not
exposed to the continuing randomization list".

Anvari 2011  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "Consequently, this study did not have blinded implementation of the
treatment arms".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: "Consequently, this study did not have blinded implementation of the
treatment arms".

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: There were post-randomisation drop-outs.

Selective reporting (re-
porting bias)

Low risk Comment: Important outcomes were reported.

Other bias Low risk Quote: "Supported by grants from Canadian Institute of Health Research and
Ontario Ministry of Health and Long-term Care".

Anvari 2011  (Continued)

 
 

Methods Randomised clinical trial

Participants Country: United Kingdom

Number randomised: 357

Post-randomisation drop-outs: not stated

Revised sample size: 357

Average age: 46 years

Females: 121 (33.9%)

Barretts oesophagus: not stated

Hiatus hernia: not stated

Body mass index: 29

Inclusion criteria

1. More than 12 months’ symptoms requiring maintenance treatment with a proton pump inhibitor (or
alternative) for reasonable control.

2. Endoscopic or 24 hour pH monitoring evidence of GORD, or both.

3. Suitable for either policy (including American Society of Anesthesiologists (ASA) grade I or II) and the
recruiting doctor was uncertain which management policy to follow.

Exclusion criteria

1. Morbid obesity (BMI > 40)

2. Barrett’s oesophagus of more than 3 cm or with evidence of dysplasia.

3. Para-oesophageal hernia

4. Oesophageal stricture

Interventions Participants were randomly assigned to two groups.
Group 1: surgery (n = 178)
Further details: Laparoscopic fundoplication as per surgeon preference.
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Group 2: medical treatment (n = 179)
Further details: Medical treatment as per local protocol.

Outcomes The outcomes reported were health-related quality of life, GORD-specific quality of life, proportion with
heartburn, reflux, and dysphagia.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Random allocation was organised centrally by a secure system, us-
ing a computer-generated sequence, stratified by clinical site, with balance in
respect of age (18 - 49 or ≥ 50), sex (men or women), and BMI (≤ 28 or > 29) se-
cured by minimisation".

Allocation concealment
(selection bias)

Low risk Quote: "StaJ in the central trial office entered details of participants on the se-
cure database, then notified participants and respective clinical sites of their
allocation".

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "There was no subsequent blinding".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: "There was no subsequent blinding".

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: An intention-to-treat analysis was performed.

Selective reporting (re-
porting bias)

High risk Comment: Treatment-related complications were not reported adequately.

Other bias Low risk Quote: "This study was funded by the NIHR Health Technology Assessment
Programme (as part of project No 97/10/99)".

Grant 2008  (Continued)

 
 

Methods Randomised clinical trial

Participants Country: Europe

Number randomised: 554

Post-randomisation drop-outs: not stated

Revised sample size: 554

Average age: 45 years

Females: 156 (28.2%)

Barretts oesophagus: 60 (10.8%)
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Hiatus hernia: not stated

Body mass index: not stated

Inclusion criteria

1. Adults aged 18–70 years with confirmed GORD, with or without Barret's oesophagus.

2. History of chronic reflux oesophagitis (> 6 months) or chronic symptomatic GORD (> 6 months) with
pathological 24-h pH metry, according to local standards, and a requirement for long-term acid sup-
pressive therapy.

3. All patients were required to have had pH monitoring and manometry within 12 months prior to ran-
domization.

4. All had to be considered suitable for both surgical treatment and for long-term management with a
PPI (esomeprazole).

5. Capable of completing quality-of-life questionnaires.

Exclusion criteria

1. Primary need for surgery (e.g. for paraoesophageal hernia or failure of medical therapy to control
symptoms adequately) was not eligible to be recruited.

2. Required PPI treatment for diseases other than GORD.

3. History of oesophageal, gastric, or duodenal surgery or who had other diseases that might have a
negative impact on their subsequent treatment within the study.

Interventions Participants were randomly assigned to two groups.
Group 1: surgery (n = 288)
Further details: Laparoscopic Nissen fundoplication
Group 2: medical treatment (n = 266)
Further details: Esomeprezole 20 mg once daily increased to maximum of 40 mg once daily or 20 mg
twice daily.

Outcomes The outcomes reported were GORD-specific quality of life, proportion with heartburn, reflux, dysphagia
and adverse events.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Comment: This information was not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: Patients undergoing medical treatment did not have sham surgery.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: This information was not available.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: An intention-to-treat analysis was performed.

Lundell 2008  (Continued)

Laparoscopic fundoplication surgery versus medical management for gastro-oesophageal reflux disease (GORD) in adults (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Selective reporting (re-
porting bias)

Low risk Comment: Important outcomes were reported.

Other bias High risk Quote: "This study was funded by Astrazeneca, Mölndal, Sweden".

Lundell 2008  (Continued)

 
 

Methods Randomised clinical trial

Participants Country: United Kingdom

Number randomised: 217

Post-randomisation drop-outs: 51 (23.5%)

Revised sample size: 166

Average age: 48 years

Females: not stated

Barretts oesophagus: not stated

Hiatus hernia: not stated

Body mass index: not stated

Inclusion criteria

1. Symptoms of GORD for at least six months.

2. Three months minimum of proton pump inhibitor maintenance therapy.

3. Proven reflux (as measured by 24 hour pH/manometry).

4. No preference for either surgical or medical treatment.

5. Between 16 and 70 years old.

6. Fit for surgery.

Exclusion criteria

1. Significant oesophageal dysmotility.

2. Morbid obesity (BMI = 35).

3. Refused pH testing and manometry.

Interventions Participants were randomly assigned to two groups.
Group 1: surgery (n = 80)
Further details: Laparoscopic Nissen fundoplication
Group 2: medical treatment (n = 86)
Further details: Proton pump inhibitor adjusted to symptom control.

Outcomes The outcomes reported were health-related quality of life and gastrointestinal quality of life.

Notes Reasons for post-randomisation drop-outs: Lost-to follow-up.

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Unclear risk Comment: This information was not available.

Allocation concealment
(selection bias)

Unclear risk Comment: This information was not available.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: Patients undergoing medical treatment did not have sham surgery.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: This information was not available.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: There were post-randomisation drop-outs.

Selective reporting (re-
porting bias)

High risk Comment: Treatment-related complications were not reported adequately.

Other bias High risk Quote: "This study was funded partly by Janssen Pharmaceuticals relating to
physiology studies at the Norfolk Physiology Laboratory in conjunction with
their GI Partnership Scheme. Yvette Sharpe performed most of these studies
under the supervision of R.L. B.D., D.M. and B. K. were funded partly by Ethicon
Endosurgery, UK".

Mahon 2005  (Continued)

GERD or GORD = gastro-oesophageal reflux disease
PPI = proton pump inhibitor
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Gutschow 2009 Not a randomised controlled trial

Lundell 2000 Open anti-reflux surgery

Lundell 2007 Open anti-reflux surgery

Lundell 2009 Open anti-reflux surgery

Rantanen 2013 Not a randomised controlled trial

Spechler 2001 Open anti-reflux surgery

Trad 2013 Transoral anti-reflux surgery

Trad 2014 Transoral anti-reflux surgery

Witteman 2013 Transoral anti-reflux surgery
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Laparoscopic fundoplication versus medical management

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Health-related quality of life
(< 1 year)

3 605 Std. Mean Difference (IV, Fixed,
95% CI)

0.14 [-0.02, 0.30]

2 Health-related quality of life
(1 to 5 years)

2 323 Std. Mean Difference (IV, Fixed,
95% CI)

0.03 [-0.19, 0.24]

3 GORD-specific quality of life
(< 1 year)

4 1160 Std. Mean Difference (IV, Fixed,
95% CI)

0.58 [0.46, 0.70]

4 GORD-specific quality of life
(1 to 5 years)

3 994 Std. Mean Difference (IV, Random,
95% CI)

0.28 [-0.27, 0.84]

5 Serious adverse events 2 637 Risk Ratio (M-H, Fixed, 95% CI) 1.46 [1.01, 2.11]

6 Adverse events 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

7 Dysphagia (< 1 year) 2 637 Risk Ratio (M-H, Fixed, 95% CI) 3.58 [1.91, 6.71]

8 Dysphagia (1 to 5 years) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

9 Dysphagia (5 years or more) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

10 Heartburn (< 1 year) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

11 Heartburn (1 to 5 years) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

12 Heartburn (5 years or more) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

13 Reflux (< 1 year) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

14 Reflux (1 to 5 years) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

15 Reflux (5 years or more) 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 1.1.   Comparison 1 Laparoscopic fundoplication versus medical
management, Outcome 1 Health-related quality of life (< 1 year).

Study or subgroup Surgery Medical Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Anvari 2011 43 59.3 (21.7) 40 65.8 (20.3) 13.64% -0.31[-0.74,0.13]

Grant 2008 178 0.8 (0.3) 179 0.7 (0.3) 59.29% 0.15[-0.05,0.36]

Mahon 2005 79 106.2 (16.3) 86 100.4 (18.9) 27.07% 0.33[0.02,0.63]

   

Total *** 300   305   100% 0.14[-0.02,0.3]

Heterogeneity: Tau2=0; Chi2=5.5, df=2(P=0.06); I2=63.61%  

Favours medical 0.50.25-0.5 -0.25 0 Favours surgery
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Study or subgroup Surgery Medical Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=1.68(P=0.09)  

Favours medical 0.50.25-0.5 -0.25 0 Favours surgery

 
 

Analysis 1.2.   Comparison 1 Laparoscopic fundoplication versus medical
management, Outcome 2 Health-related quality of life (1 to 5 years).

Study or subgroup Surgery Medical Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Anvari 2011 43 78.5 (18.8) 40 71.4 (21.7) 25.4% 0.35[-0.09,0.78]

Grant 2008 122 0.7 (0.2) 118 0.8 (0.2) 74.6% -0.08[-0.34,0.17]

   

Total *** 165   158   100% 0.03[-0.19,0.24]

Heterogeneity: Tau2=0; Chi2=2.83, df=1(P=0.09); I2=64.62%  

Test for overall effect: Z=0.23(P=0.82)  

Favours medical 0.50.25-0.5 -0.25 0 Favours surgery

 
 

Analysis 1.3.   Comparison 1 Laparoscopic fundoplication versus medical
management, Outcome 3 GORD-specific quality of life (< 1 year).

Study or subgroup Surgery Medical Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Anvari 2011 43 -8.3 (8.4) 40 -13.6 (9.5) 7.15% 0.59[0.15,1.03]

Grant 2008 178 84.6 (17.9) 179 73.4 (23.3) 31.06% 0.54[0.33,0.75]

Lundell 2008 288 -1.2 (0.4) 266 -1.7 (0.9) 47.01% 0.7[0.53,0.87]

Mahon 2005 80 37 (5.4) 86 35 (7.3) 14.77% 0.31[0,0.61]

   

Total *** 589   571   100% 0.58[0.46,0.7]

Heterogeneity: Tau2=0; Chi2=4.97, df=3(P=0.17); I2=39.63%  

Test for overall effect: Z=9.7(P<0.0001)  

Favours medical 10.5-1 -0.5 0 Favours surgery

 
 

Analysis 1.4.   Comparison 1 Laparoscopic fundoplication versus medical
management, Outcome 4 GORD-specific quality of life (1 to 5 years).

Study or subgroup Surgery Medical Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Anvari 2011 43 -6.2 (8.7) 40 -9 (10.4) 29.92% 0.3[-0.14,0.73]

Grant 2008 178 65.9 (23.7) 179 68.6 (24) 34.76% -0.11[-0.32,0.09]

Lundell 2008 288 -1.2 (0.4) 266 -1.6 (0.9) 35.31% 0.66[0.49,0.83]

   

Total *** 509   485   100% 0.28[-0.27,0.84]

Heterogeneity: Tau2=0.22; Chi2=31.75, df=2(P<0.0001); I2=93.7%  

Test for overall effect: Z=0.99(P=0.32)  

Favours medical 0.50.25-0.5 -0.25 0 Favours surgery
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Analysis 1.5.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 5 Serious adverse events.

Study or subgroup Surgery Medical Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Anvari 2011 0/43 0/40   Not estimable

Lundell 2008 60/288 38/266 100% 1.46[1.01,2.11]

   

Total (95% CI) 331 306 100% 1.46[1.01,2.11]

Total events: 60 (Surgery), 38 (Medical)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2(P=0.05)  

Favours surgery 50.2 20.5 1 Favours medical

 
 

Analysis 1.6.   Comparison 1 Laparoscopic fundoplication versus medical management, Outcome 6 Adverse events.

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Anvari 2011 7/43 0/40 13.98[0.82,237.07]

Favours surgery 2000.005 100.1 1 Favours medical

 
 

Analysis 1.7.   Comparison 1 Laparoscopic fundoplication
versus medical management, Outcome 7 Dysphagia (< 1 year).

Study or subgroup Surgery Medical Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Anvari 2011 4/43 0/40 4.33% 8.39[0.47,150.99]

Lundell 2008 40/288 11/266 95.67% 3.36[1.76,6.41]

   

Total (95% CI) 331 306 100% 3.58[1.91,6.71]

Total events: 44 (Surgery), 11 (Medical)  

Heterogeneity: Tau2=0; Chi2=0.37, df=1(P=0.54); I2=0%  

Test for overall effect: Z=3.97(P<0.0001)  

Favours surgery 1000.01 100.1 1 Favours medical

 
 

Analysis 1.8.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 8 Dysphagia (1 to 5 years).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundell 2008 29/288 5/266 5.36[2.1,13.64]

Favours surgery 200.05 50.2 1 Favours medical
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Analysis 1.9.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 9 Dysphagia (5 years or more).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Grant 2008 27/118 28/110 0.9[0.57,1.42]

Favours surgery 20.5 1.50.7 1 Favours medical

 
 

Analysis 1.10.   Comparison 1 Laparoscopic fundoplication
versus medical management, Outcome 10 Heartburn (< 1 year).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundell 2008 29/288 59/266 0.45[0.3,0.69]

Favours surgery 20.5 1.50.7 1 Favours medical

 
 

Analysis 1.11.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 11 Heartburn (1 to 5 years).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundell 2008 12/288 59/266 0.19[0.1,0.34]

Favours surgery 100.1 50.2 20.5 1 Favours medical

 
 

Analysis 1.12.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 12 Heartburn (5 years or more).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Grant 2008 46/111 78/106 0.56[0.44,0.72]

Favours surgery 20.5 1.50.7 1 Favours medical

 
 

Analysis 1.13.   Comparison 1 Laparoscopic fundoplication
versus medical management, Outcome 13 Reflux (< 1 year).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundell 2008 6/288 53/266 0.1[0.05,0.24]

Favours surgery 200.05 50.2 1 Favours medical
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Analysis 1.14.   Comparison 1 Laparoscopic fundoplication
versus medical management, Outcome 14 Reflux (1 to 5 years).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundell 2008 6/288 37/266 0.15[0.06,0.35]

Favours surgery 200.05 50.2 1 Favours medical

 
 

Analysis 1.15.   Comparison 1 Laparoscopic fundoplication versus
medical management, Outcome 15 Reflux (5 years or more).

Study or subgroup Surgery Medical Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Grant 2008 29/118 41/115 0.69[0.46,1.03]

Favours surgery 20.5 1.50.7 1 Favours medical

 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

Date Run: 16 June 2015. Via OVID platform

106 trials

CENTRAL (Cochrane Central Register of Controlled Trials) (The Cochrane Library Issue 8 of 12, August 2014)

ID Search

#1 MeSH descriptor: [Esophagus] explode all trees

#2 (esophag* or oesophag*)

#3 MeSH descriptor: [Gastroesophageal Reflux] explode all trees

#4 gastroesophageal reflux

#5 gastro oesophageal reflux

#6 gord

#7 gerd

#8 MeSH descriptor: [Duodenogastric Reflux] explode all trees

#9 bile reflux

#10 acid reflux

#11 gastric acid secret*

#12 stomach acid secret*

#13 gastric eros*

#14 stomach eros*

#15 MeSH descriptor: [Heartburn] this term only
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#16 heartburn

#17 indigestion

#18 MeSH descriptor: [Esophagitis] explode all trees

#19 esophagitis

#20 oesophagitis

#21 low* sphincter* pressur*

#22 MeSH descriptor: [Gastric Emptying] explode all trees

#23 MeSH descriptor: [Gastroparesis] explode all trees

#24 MeSH descriptor: [Gastritis] explode all trees

#25 gastr* empt* disorder*

#26 stomach empt* disorder*

#27 MeSH descriptor: [Dyspepsia] this term only

#28 dyspep*

#29 MeSH descriptor: [Eructation] this term only

#30 eructation

#31 regurgitat*

#32 MeSH descriptor: [Hernia, Hiatal] this term only

#33 {OR #1 - #32}

#34 MeSH descriptor: [Proton Pump Inhibitors] 1 tree(s) exploded

#35 proton pump inhibitor*

#36 ppi

#37 omeprazole

#38 esomeprazole

#39 lansoprazole

#40 pantoprazole

#41 rabeprazole

#42 MeSH descriptor: [Histamine H2 Antagonists] explode all trees

#43 cimetidine

#44 famotidine

#45 nizatidine

#46 ranitidine

#47 burimamide

#48 {OR #34 - #47}

#49 MeSH descriptor: [Fundoplication] this term only

#50 fundoplication*
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#51 nissen or rossetti

#52 toupet or lind or watson or besley

#53 {OR #49 - #52}

#54 #33 and #48 and #53

Appendix 2. MEDLINE search strategy

Date of Search: Ovid MEDLINE 16 June 2015

Database: Ovid MEDLINE(R) <1946 to 16 June 2015>

1. exp Esophagus/

2. (esophag$ or oesophag$).mp.

3. exp gastroesophageal reflux/

4. (gastroesophageal adj3 reflux).mp.

5. (gastro adj3 oesophageal adj3 reflux).mp.

6. (gastro adj3 esophageal adj3 reflux).mp.

7. (gerd or gord).mp.

8. exp Duodenogastric Reflux/

9. bile reflux.mp.

10. (acid adj3 reflux).mp.

11. (gastric adj3 acid adj3 secret$).mp.

12. (stomach adj3 acid adj3 secret$).mp.

13. (gastric adj3 eros$).mp.

14. (stomach adj3 eros$).mp.

15. Heartburn/

16. (heartburn or indigestion).mp.

17. exp Esophagitis/

18. (esophagitis or oesophagitis).mp.

19. (low$ adj6 sphincter$ adj3 pressur$).mp.

20. Gastric Emptying/

21. Gastroparesis/

22. exp Gastritis/

23. (gastr$ adj3 empt$ adj3 disorder$).mp.

24. (stomach adj3 empt$ adj3 disorder$).mp.

25. Dyspepsia/

26. dyspep$.mp.

27. Eructation/
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28. eructation.mp.

29. regurgitat$.mp.

30. Hernia, Hiatal/

31. hernia$ hiat$.mp.

32. or/1 -31

33. exp Proton Pump Inhibitors/

34. (proton adj3 pump adj3 inhibitor$).mp.

35. ppi.mp.

36. omeprazole.mp.

37. esomeprazole.mp.

38. lansoprazole.mp.

39. pantoprazole.mp.

40. rabeprazole.mp.

41. exp proton pumps/ai [Antagonists & Inhibitors]

42. exp Histamine H2 Antagonists/

43. (histamine H2 adj3 antagonist$).mp.

44. H2RA$.mp.

45. cimetidine.mp.

46. famotidine.mp.

47. nizatidine.mp.

48. ranitidine.mp.

49. burimamide.mp.

50. or/33 - 49

51. Fundoplication/

52. fundoplication$.mp.

53. (nissen or rossetti).mp.

54. (toupet or lind or watson or besley).mp.

55. 51 or 52 or 53 or 54

56. 32 and 50 and 55

57. randomized controlled trial.pt.

58. controlled clinical trial.pt.

59. randomized.ab.

60. randomly.ab.

61. placebo.ab.

62. drug therapy.fs.
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63. trial.ab.

64. groups.ab.

65. or/57 - 64

66. 56 and 65

Lines 57-64 were modified from Box 6.4.c: Cochrane Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE:
sensitivity-maximizing version (2008 revision); Ovid format in Higgins 2011a.

Appendix 3. EMBASE search strategy

Date run in Embase (OVID): 16 June 2015

Database: Embase Classic+Embase 1947 to 16 June 2015

1. exp esophagus/

2. (esophag$ or oesophag$).mp.

3. exp gastroesophageal reflux/

4. (gastroesophageal adj3 reflux).mp.

5. (gastro adj3 oesophageal adj3 reflux).mp.

6. (gastro adj3 esophageal adj3 reflux).mp.

7. (gerd or gord).mp.

8. exp duodenogastric reflux/

9. bile reflux.mp.

10. (acid adj3 reflux).mp.

11. (gastric adj3 acid adj3 secret$).mp.

12. (stomach adj3 acid adj3 secret$).mp.

13. (gastric adj3 eros$).mp.

14. (stomach adj3 eros$).mp.

15. heartburn/

16. (heartburn or indigestion).mp.

17. exp esophagitis/

18. (esophagitis or oesophagitis).mp.

19. (low$ adj6 sphincter$ adj3 pressur$).mp.

20. stomach emptying/

21. stomach paresis/

22. exp gastritis/

23. (gastr$ adj3 empt$ adj3 disorder$).mp.

24. (stomach adj3 empt$ adj3 disorder$).mp.

25. dyspepsia/

26. dyspep$.mp.
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27. eructation/

28. eructation.mp.

29. regurgitat$.mp.

30. hiatus hernia/

31. hernia$ hiat$.mp.

32. or/1- 31

33. proton pump inhibitor/

34. (proton adj3 pump adj3 inhibitor$).mp.

35. ppi.mp.

36. omeprazole/

37. omeprazole.mp.

38. esomeprazole/

39. esomeprazole.mp.

40. lansoprazole/

41. lansoprazole.mp.

42. pantoprazole/

43. pantoprazole.mp.

44. rabeprazole/

45. rabeprazole.mp.

46. histamine H2 receptor antagonist/

47. (histamine H2 adj3 antagonist$).mp.

48. H2RA$.mp.

49. cimetidine/

50. cimetidine.mp.

51. famotidine/

52. famotidine.mp.

53. nizatidine/

54. nizatidine.mp.

55. ranitidine/

56. ranitidine.mp.

57. burimamide/

58. burimamide.mp.

59. or/33 - 58

60. stomach fundoplication/

61. fundoplication$.mp.
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62. (nissen or rossetti).mp.

63. (toupet or lind or watson or besley).mp.

64. 60 or 61 or 62 or 63

65. 32 and 59 and 64

66. crossover procedure/

67. double blind procedure/

68. randomized controlled trial/

69. single-blind procedure/

70. random$.ab.

71. factorial$.ab.

72. crossover$.ab.

73. cross over$.ab.

74. cross-over$.ab.

75. placebo$.ab.

76. (doubl$ adj blind$).ab.

77. (singl$ adj blind$).ab.

78. assign$.mp.

79. allocat$.ab.

80. volunteer$.ab.

81. or/66 - 80

82. 65 and 81

Results: 199

Lines 66-80 from sections 6.4.11.2 Search filters for identifying randomized trials in EMBASE and section 6.3.2.2 What is in The Cochrane
Central Register of Controlled Trials (CENTRAL) from EMBASE? in Higgins 2011a.

Appendix 4. Previous search strategies

CENTRAL search strategy

#1 esophagus/
#2 (esophag* or oesophag*)
#3 exp gastroesophageal reflux/
#4 (gastroesophageal reflux)
#5 gastro oesophageal reflux
#6 gord
#7 gerd
#8 duodenogastric reflux/
#9 bile reflux/
#10 acid reflux
#11 gastric acid secret*
#12 stomach acid secret*
#13 gastric eros*
#14 (stomach eros*)
#15 heartburn/
#16 (heartburn or indigestion)
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#17 esophagitis/
#18 esophagitis
#19 oesophagitis
#20 (low* sphincter* pressur*)
#21 les
#22 gastric emptying/
#23 gastroparesis/
#24 gastritis/
#25 gastr* empt* disorder*
#26 stomach empt* disorder
#27 dyspepsia/
#28 dyspep*
#29 eructation/
#30 eructat*
#31 regurgitat*
#32 Hiatal hernia
#33 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR
( # AND 20 ) OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32)
#34 proton pump/
#35 proton pump inhibitor*
#36 ppi
#37 Omeprazole/
#38 omeprazole
#39 esomeprazole
#40 lansoprazole
#41 pantoprazole
#42 rabeprazole
#43 Histamine H2 Antagonists/
#44 cimetidine
#45 Cimetidine/
#46 Famotidine
#47 Nizatidine
#48 Ranitidine
#49 (#34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48)
#50 Fundoplication/
#51 nissen or rossetti
#52 toupet or lind or watson or besley
#53 (partial* fundoplication*)
#54 (laparoscop* fundoplication*)
#55 (#50 OR #51 OR #52 OR #53 OR #54)
#56 (#33 AND #49 AND #55), from 2006 to 2009

EMBASE search strategy

1. (random$ or placebo$).ti,ab.

2. ((single$ or double$ or triple$ or treble$) and (blind$ or mask$)).ti,ab.

3. controlled clinical trial$.ti,ab.

4. RETRACTED ARTICLE/

5. or/1-4

6. (animal$ not human$).sh,hw.

7. 5 not 6

8. exp esophagus/

9. (esophag$ or oesophag$).tw.

10.exp gastroesophageal reflux/

11.(gastroesophageal adj3 reflux).tw.

12.(gastro adj3 oesophageal adj3 reflux).tw.

13.(gastro adj3 esophageal adj3 reflux).tw.

14.gord.tw.

15.gerd.tw.

16.exp duodenogastric reflux/
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17.exp bile reflux/

18.(acid adj3 reflux).tw.

19.(gastric adj3 acid adj3 secret$).tw.

20.(stomach adj3 acid secret$).tw.

21.(gastric adj3 eros$).tw.

22.(stomach adj3 eros$).tw.

23.exp heartburn/

24.(heartburn or indigestion).tw.

25.exp esophagitis/

26.esophagitis.tw.

27.oesophagitis.tw.

28.(low$ adj6 sphincter$ adj3 pressur$).tw.

29.les.tw.

30.exp gastric emptying/

31.exp gastroparesis/

32.exp gastritis/

33.(gastr$ adj3 empt$ adj3 disorder$).tw.

34.(stomach adj3 empt$ adj3 disorder).tw.

35.exp dyspepsia/

36.dyspep$.tw.

37.exp eructation/

38.eructat$.tw.

39.regurgitat$.tw.

40.Hernia, Hiatal/

41.or/8-40

42.exp proton pump/

43.esomeprazole.mp.

44.(proton adj3 pump adj3 inhibitor$).tw.

45.ppi.tw.

46.exp Omeprazole/

47.omeprazole.tw.

48.lansoprazole.tw.

49.pantoprazole.tw.

50.rabeprazole.tw.

51.exp Histamine H2 Antagonists/

52.cimetidine.tw.

53.exp Cimetidine/

54.famotidine.tw. or exp Famotidine/

55.nizatidine.tw. or exp Nizatidine/

56.ranitidine.tw. or exp Ranitidine/

57.or/42-56

58.exp Fundoplication/

59.(nissen or rossetti).tw.

60.(toupet or lind or watson or besley).tw.

61.(partial$ adj5 fundoplication$).tw.

62.(laparoscop$ adj5 fundoplication$).tw.

63.or/58-62

64.41 and 57 and 63

65.7 and 64

66.limit 65 to yr="2006 -Current"
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MEDLINE search strategy

1. randomized controlled trial.pt.

2. controlled clinical trial.pt.

3. randomized.ab.

4. placebo.ab.

5. clinical trials as topic.sh.

6. randomly.ab.

7. trial.ti.

8. or/1-7

9. (animals not (humans and animals)).sh.

10.8 not 9

11.exp esophagus/

12.(esophag$ or oesophag$).tw.

13.exp gastroesophageal reflux/

14.(gastroesophageal adj3 reflux).tw.

15.(gastro adj3 oesophageal adj3 reflux).tw.

16.(gastro adj3 esophageal adj3 reflux).tw.

17.gord.tw.

18.gerd.tw.

19.exp duodenogastric reflux/

20.exp bile reflux/

21.(acid adj3 reflux).tw.

22.(gastric adj3 acid adj3 secret$).tw.

23.(stomach adj3 acid secret$).tw.

24.(gastric adj3 eros$).tw.

25.(stomach adj3 eros$).tw.

26.exp heartburn/

27.(heartburn or indigestion).tw.

28.exp esophagitis/

29.esophagitis.tw.

30.oesophagitis.tw.

31.(low$ adj6 sphincter$ adj3 pressur$).tw.

32.les.tw.

33.exp gastric emptying/

34.exp gastroparesis/

35.exp gastritis/

36.(gastr$ adj3 empt$ adj3 disorder$).tw.

37.(stomach adj3 empt$ adj3 disorder).tw.

38.exp dyspepsia/

39.dyspep$.tw.

40.exp eructation/

41.eructat$.tw.

42.regurgitat$.tw.

43.Hernia, Hiatal/

44.or/11-43

45.exp proton pump/

46.esomeprazole.mp.

47.(proton adj3 pump adj3 inhibitor$).tw.

48.ppi.tw.

49.exp Omeprazole/

50.omeprazole.tw.

51.lansoprazole.tw.
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52.pantoprazole.tw.

53.rabeprazole.tw.

54.exp Histamine H2 Antagonists/

55.cimetidine.tw.

56.exp Cimetidine/

57.famotidine.tw. or exp Famotidine/

58.nizatidine.tw. or exp Nizatidine/

59.ranitidine.tw. or exp Ranitidine/

60.or/45-59

61.exp Fundoplication/

62.(nissen or rossetti).tw.

63.(toupet or lind or watson or besley).tw.

64.(partial$ adj5 fundoplication$).tw.

65.(laparoscop$ adj5 fundoplication$).tw.

66.or/61-65

67.44 and 60 and 66

68.10 and 67

69.limit 68 to yr="2006 -Current"

W H A T ' S   N E W

 

Date Event Description

16 June 2015 New citation required and conclusions
have changed

The previous version of this review suggested that laparoscop-
ic fundoplication surgery was more effective than medical man-
agement for the treatment of GORD at least in the short to medi-
um term and that surgery carries some risk and whether the ben-
efits of surgery are sustained in the long term remains uncertain
(Wileman 2010). The conclusions have changed with use of cur-
rent Cochrane Handbook guidelines to interpret the evidence.

16 June 2015 New search has been performed Literature searches were rerun. No new studies were identified.
New review methods incorporated.
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16 March 2010 Amended Citation corrected in Discussion section.
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The protocol for this review included the comparison of alternative surgical laparoscopic approaches (total versus partial fundoplication)
as a secondary objective. A comparison of the alternative surgical approaches for the management of GORD is being addressed by a
separate systematic review (MacKay 2010). The risk of bias section has been updated from the protocol and uses the assessment criteria
recommended in the updated version of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011a).

Di?erences between previous version and current version

1. The review has been updated according to the updated version of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011a).

2. The following outcomes were moved to secondary outcomes: heartburn, reflux, and dysphagia.

3. Serious adverse events have been included as primary outcome.

4. Adverse events have been include as secondary outcome.
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