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Background: Proton pump inhibitors are the mainstay of treatment for gastro-oesophageal reflux
disease, but are associated with ongoing costs and side-effects. Antireflux surgery is cost-effective and
is preferred by many patients. A total (360o or Nissen) fundoplication is the traditional procedure, but
other variations including partial fundoplications are also commonly performed, with the aim of achieving
durable reflux control with minimal dysphagia. Many RCTs and some pairwise meta-analyses have
compared some of these procedures but there is still uncertainty about which, if any, is superior. Network
meta-analysis allows multiple simultaneous comparisons and robust synthesis of the available evidence in
these situations. A network meta-analysis comparing all antireflux procedures was performed to identify
which has the most favourable outcomes at short-term (3–12 months), medium-term (1–5 years) and
long-term (10 years and more than 10 years) follow-up.
Methods: Article databases were searched systematically for all eligible RCTs. Primary outcomes were
quality-of-life measures and dysphagia. Secondary outcomes included reflux symptoms, pH studies and
complications.
Results: Fifty-one RCTs were included, involving 5357 patients and 14 different treatments. Posterior
partial fundoplication ranked best in terms of reflux symptoms, and caused less dysphagia than most other
interventions including Nissen fundoplication. This was consistent across all time points and outcome
measures.
Conclusion: Posterior partial fundoplication provides the best balance of long-term, durable reflux
control with less dysphagia, compared with other treatments.
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Introduction

Gastro-oesophageal reflux disease (GORD) affects up to
20 per cent of the population in the Western world1. Pro-
ton pump inhibitor (PPI) therapy has been the mainstay
of treatment for the past 20 years, with surgery reserved
mainly for patients with refractory GORD2. However, the
cost, inconvenience and potential side-effects of long-term
acid suppression mean that many patients prefer surgery3,4,
and several recent RCTs4–7 have confirmed the long-term
cost-effectiveness of surgical intervention compared with

continued medical therapy. Surgical procedures for GORD
largely involve the creation of a flap valve by wrapping
the gastric fundus around the gastro-oesophageal junc-
tion (so-called fundoplication)8. Several variations of this
are commonly performed, including total 360o (Nissen)
fundoplication9, and partial fundoplication positioned
either posterior or anterior to the oesophagus as it enters
the abdomen via the oesophageal hiatus of the diaphragm.
The aim of partial wraps is to reduce the incidence of
dysphagia, but the potential disadvantage is poorer reflux
control10.
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More than 50 RCTs have compared various fundoplica-
tion procedures, involving thousands of patients and years
of follow-up data. Although the results of many have been
pooled in pairwise meta-analyses, all these have inherent
limitations, as they have either combined different fundo-
plication techniques to allow a head-to-head analysis11–14,
or compared only two techniques in isolation3,15–17. It
therefore remains difficult, more than 40 years after the
first RCT was published18, to determine which fundopli-
cation technique is superior, both in terms of reflux con-
trol and potential harms19. Calls have been made for even
more RCTs20, whereas others have suggested that none of
the options is ideal21, and the choice of procedure should
simply be left to the surgeon10.

Network meta-analysis allows the simultaneous compar-
ison of multiple different treatments for a given condi-
tion, while respecting randomization22. It can be thought
of as an extension of the standard pairwise (A versus B)
meta-analysis, to a structure that includes multiple treat-
ments (A versus B versus C) and all the possible direct and
indirect comparisons within. This increases the precision
of the effect estimate, and allows valid comparisons to be
made between interventions even if they have not been
compared directly in an RCT23. Network meta-analysis
also enables ranking of different treatments with respect
to benefits and harms.

The aim of the present systematic review and network
meta-analysis was to include all available evidence from
RCTs that have compared different fundoplication tech-
niques in adults with GORD to identify which, if any, tech-
nique has the most favourable outcome profile in terms of
reflux control, and side-effects such as dysphagia. As the
degree of reflux control, and prevalence of dysphagia and
other symptoms can change significantly over time follow-
ing surgery, the analysis was repeated at four follow-up
time points: 3–12 months, 1–5 years, 5–10 years and over
10 years.

Methods

This study was conducted in accordance with the Cochrane
Collaboration’s recommended methodology24 and the
PRISMA guidelines25, including those specifically con-
cerning network meta-analysis26. The study protocol,
including a detailed analysis plan, was prepared and pub-
lished a priori27. A complete description of the methods is
included in Appendix S1 (supporting information).

Search strategy and study selection

Article databases, trial registries and grey literature sources
were searched from inception to March 2017, using a

structured search strategy (Appendix S2, supporting infor-
mation) and no language restrictions, for RCTs comparing
any surgical antireflux procedures, and/or PPIs, in adult
patients with GORD. Two authors independently screened
all titles and abstracts for eligibility. Selected full texts were
then reviewed independently before a list of included stud-
ies was finalized, in discussion with a third author.

Outcome measures

All trials that reported the primary outcomes, including
general and gastrointestinal-specific quality-of-life scores
and dysphagia, were included. Trials were also included if
they reported any of the following secondary outcomes:
reflux symptoms, oesophageal acid exposure scores, total
oesophageal acid exposure time, dilatation for dysphagia
rate, reoperation rate, postoperative complications and gas
bloat syndrome (Appendix S1, supporting information).

Data extraction and quality assessment

A structured, prepiloted electronic form was used by two
authors independently to collect extracted data. Study
authors were contacted to request missing data if an
e-mail address was available. Data that were still miss-
ing were calculated if possible using established method-
ology, or imputed (Appendix S1, supporting information).
All outcome data except postoperative complications were
recorded separately in four groups according to follow-up
time: 3–12 months, 1–5 years, 5–10 years and more than
10 years. Continuous (score) and dichotomous (rate) data
for each outcome were both included and recorded sep-
arately. Where one trial reported the same outcome for
different follow-up times, data were included in the appro-
priate groups, ensuring that duplication was avoided.

The Cochrane risk-of-bias tool28 was used to assess the
methodological quality of all included RCTs (Appendix S1,
supporting information).

Statistical analysis

A random-effects network meta-analysis was performed
using the suite of Stata® 13.1 routines (StataCorp, Col-
lege Station, Texas, USA) available for this29,30 (Appendix
S1, supporting information). The main analyses included
all treatments for which data were available for that out-
come and follow-up time. Fundoplications were divided
into the following four groups: 90o, at least 120o anterior
partial fundoplication (APF), at least 180o posterior partial
fundoplication (PPF) and total 360o Nissen fundoplication
(NF). Allocation of 120o APF was subjected to sensitivity
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Records identified by database search

n= 8411

Records from other sources

n= 121

Excluded n= 7833

 Based on title review n= 7428

 Based on abstract review n= 405

Excluded n= 89

 Incorrect intervention n= 36

 No additional information n= 29*

 No relevant outcomes n= 12

 Not an RCT n= 8

 Incorrect participants n= 2

 Ongoing trials n= 2†

Records screened after removal of duplicates n= 7997

Articles included in network meta-analysis n= 75

(51 individual trials)

Full-text articles

assessed for eligibility

n= 164
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Fig. 1 PRISMA flow chart showing selection of articles for review. *Includes duplicate publications and articles reporting results for an
included trial with no additional relevant data. †No data currently available from trial investigators

analysis by reallocation to the 90o group. Network maps for
each outcome were produced to provide a visual summary
of the network of evidence available. An intention-to-treat
analysis was used.

For outcome time points with enough data available, and
statistically significant differences between treatments, the
ranking probabilities of each fundoplication technique (and
PPI, as the reference) were calculated, and presented as a
rankogram29. The ranking (surface under the cumulative
ranking curve, SUCRA) scores for each treatment for the
most commonly reported effectiveness (reflux) and adverse
(dysphagia) outcomes were then combined by time point
into clustered ranking plots, to enable a simultaneous com-
parison of benefit and harm.

Several sensitivity analyses, and testing for evidence of
data heterogeneity and publication bias were also carried
out (Appendix S1, supporting information).

Results

Search results and study characteristics

The database search and study selection process are
summarized in Fig. 1. Fifty-one RCTs (reported in 75
papers with eligible data) were included, involving 5357

patients and 13 different surgical procedures in addition
to PPIs (Table 1). The most common comparison was NF
versus PPF; NF was compared with every other fundo-
plication in at least three RCTs. The characteristics and
relevant outcomes of each included RCT are detailed in
Table S1 (supporting information), and the number of trials
and patients for which data were available for each outcome
and follow-up time in Table S2 (supporting information).

Fig. S1 (supporting information) summarizes the
risk-of-bias assessment of the included trials, and Fig. S2
(supporting information) shows the domain assessment for
individual trials, categorized by comparison. Only seven
trials were judged as being at low risk of bias across all
domains. Many trials did not provide details of blinding
and allocation concealment, although over one-quarter
were judged as well blinded.

Outcomes

Reflux
Reflux was the most commonly reported efficacy outcome
(Table S2, supporting information), and was therefore sub-
stituted in place of quality-of-life scores as the main efficacy
outcome. Fig. 2a and Fig. S3 (supporting information) sum-
marize the direct evidence available at 3–12 months, for
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Table 1 Summary of included trials

Trial location

Trial comparison No. of trials* No. of patients† Publication year‡ Europe Americas Oceania Asia/Africa

Nissen versus PPF 19 2153 1989–2015 14 2 3
Nissen versus APF 6 530 2004–2016 3 1 2
Nissen versus 90o 3 225 1989–2012 1 2
Nissen versus PPI 3 803 2008–2011 2 1
PPF versus APF 4 339 2007–2017 3 1
PPF versus 90o 1 32 1989 1

Nissen versus Angelchik 3 163 1984–1994 3
Nissen versus Hill 2 132 1974–2012 2
Nissen versus other§ 7 706 1974–2015 4 3

PPF versus FND 360o 1 252 2012 1

NSGVD versus NSGVP 6 438 1999–2009 4 1 1
Bougie versus no bougie¶ 1 171 2000 1

BM IV versus Hill 1 30 1974 1

*Number of trials reporting this comparison. Three-arm trials are therefore included three times to account for all three direct pairwise comparisons in
them. †Total number of patients randomized to each comparison. The number for whom data were reported for different outcomes at different time
points varies. Patients recruited in three-arm trials are counted twice to account for the two direct comparisons each patient was involved in. ‡Year of
publication of index paper in each trial; subsequent follow-up papers were included in this review, but are not included in this column. §Single trial
comparisons. Other procedures include: Belsey Mark IV (BM IV), Roux-en-Y duodenal diversion, cardia calibration with posterior gastropexy, Nissen
with mesh hiatoplasty, Nissen with fascial graft, fixed ‘non-deformable’ 360o fundoplication (FND), mesh hiatoplasty and cardiophrenicopexy. ¶Nissen
with and without use of a bougie for calibration. PPF, posterior partial fundoplication; APF, anterior partial fundoplication; 90o, 90o fundoplication; PPI,
proton pump inhibitor; NSGVD, Nissen with short gastric vessel division; NSGVP, Nissen with short gastric vessel preservation.

PPI
PPI

Angelchik

a  Reflux rate b  Dysphagia rate

Angelchik

Nissen

Nissen

PPF

PPF

APFAPF

90°

90°

Belsey Mark IV

HiII

Fig. 2 Network maps of direct evidence for a short-term reflux and b dysphagia rate at 3–12 months after treatment. The size of each
circle (node) is proportional to the number of patients who received the treatment. The width of the lines represents the number of
RCTs that directly compared the connected pairs of treatments. PPF, posterior partial fundoplication; APF, anterior partial
fundoplication; 90o, 90o fundoplication; PPI, proton pump inhibitor

rates and scores respectively. Across all time points, rate
and score data showed similar overall results and rankings,
despite minor variations in the treatment effect point esti-
mates and confidence intervals.

Tables S3 and S4 (supporting information) show reflux
network meta-analysis results for rate and score data

respectively. At 3–12-month follow-up, NF showed a sig-
nificantly lower rate of reflux symptoms than PPI therapy
or APF, and was the only fundoplication with reflux rates
as low as those of the Angelchik procedure. Analysis of
score data showed that all fundoplications had significantly
lower reflux scores than PPI therapy, but there were no
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Fig. 3 Rankograms of fundoplications according to reflux scores at a 3–12 months and b 1–5 years after treatment. The probability of
each fundoplication ranking as the best, second best, third, fourth or worst treatment in the network is shown. There were insufficient
data for ranking at 5–10 years’ and more than 10 years’ follow-up. PPI, proton pump inhibitor; 90o, 90o fundoplication; APF, anterior
partial fundoplication; PPF, posterior partial fundoplication

statistically significant differences between the fundopli-
cations. Both NF and PPF had significantly lower reflux
scores than mesh hiatoplasty with cardiophrenicopexy.
Fig. 3a shows the fundoplication rankogram for reflux
scores at 3–12 months; NF and PPF ranked similarly
as the best treatments, followed by APF, 90o and PPI
respectively. Rate data showed similar rankings (Fig. S4,
supporting information).

At 1–5-year follow-up, there were no statistically signifi-
cant differences between the groups in the main analysis of
rate data. Score data analysis showed a reduction in reflux
scores with any fundoplication in comparison with PPI,
except 90o. PPF alone had statistically significantly lower
reflux scores compared with mesh hiatoplasty with car-
diophrenicopexy. Fundoplication rankograms showed that
PPF ranked as the best treatment (Fig. 3b).

At long-term follow-up, patients who underwent PPF
were significantly less likely to report reflux symptoms than
those who had APF or NF, although this was based on rate
data from only three studies. Score data were available only
for APF and NF, with no significant difference between

them. One study reported data after follow-up of more than
10 years, with no statistically significant difference in reflux
rates between NF and PPF.

Pairwise meta-analysis and sensitivity analyses showed no
substantive differences compared with the main analysis
results (Appendix S3, supporting information). Apart from
the 5–10-year comparison where predictive intervals were
wide (suggesting significant between-study heterogeneity),
there was no evidence of inconsistency or heterogeneity in
the analyses.

Dysphagia
A large number of trials reported this outcome (Table S2,
supporting information). Fig. 2b and Fig. S5 (supporting
information) summarize the direct evidence available at
3–12 months for rates and scores respectively. Rate and
score data showed similar overall results and rankings
across all time points, despite some variation in the treat-
ment effect point estimates and confidence intervals.

Tables S5 and S6 (supporting information) show net-
work meta-analysis results for rate and score data
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Fig. 4 Rankograms of fundoplications according to dysphagia rate at a 3–12 months and b 1–5 years after treatment. The probability of
each fundoplication ranking as the best, second best, third, fourth or worst treatment in the network is shown. There were insufficient
data for ranking at 5–10 years’ and more than 10 years’ follow-up. PPI, proton pump inhibitor; 90o, 90o fundoplication; APF, anterior
partial fundoplication; PPF, posterior partial fundoplication

respectively. At 3–12–month follow-up, patients who
underwent NF had a significantly higher rate of dys-
phagia at 3–12 months than any other group apart from
Angelchik and Hill repair. NF also had significantly
higher dysphagia scores than APF or 90o fundoplica-
tion. There were no statistically significant differences
between the partial fundoplications, or between any of
them and PPI therapy. Fundoplication rankograms are
shown for rate data in Fig. 4a and for score data in Fig. S6
(supporting information); Nissen consistently ranked as
the worst treatment, and PPF and APF ranked fairly
similarly.

At 1–5 years, those who underwent any partial fundo-
plication were still significantly less likely to suffer from
dysphagia and had lower dysphagia scores, compared with
those who had NF. This is reflected in the fundoplication
rankograms (Fig. 4b; Fig. S6, supporting information), with
Nissen again ranking as the worst treatment.

At 5–10-year follow-up, NF was still associated with sta-
tistically significantly higher dysphagia scores than APF or
PPF. Rate data analysis showed similar point estimates, but

with wider confidence intervals. One study that reported
score data after more than 10 years for APF versus NF
found no significant difference.

Results of pairwise meta-analysis and sensitivity anal-
yses were largely similar to those of the main analysis
(Appendix S3, supporting information). Predictive intervals
for all comparisons were narrow, and inconsistency factors
for all loops were small, suggesting no evidence of signifi-
cant inconsistency or heterogeneity.

Quality-of-life scores
Both general (health-related) and gastrointestinal/reflux-
specific quality-of-life scores were reported by a small
number of trials, with all time point analyses for these two
outcomes containing data from just four trials or fewer
(Table S2, supporting information). This paucity of data
led to a decision to substitute these outcomes with reflux
as the main measure of efficacy in this review. Network
meta-analysis results are detailed in Appendix S3, Figs S7
and S8, and Tables S7 and S8 (supporting information).
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Fig. 5 Clustered ranking plots of main treatments at different time points, according to efficacy of reflux control and incidence of
dysphagia: a 3–12-month continuous data; b 3–12-month dichotomous data; c 1–5-year continuous data; d 1–5-year dichotomous
data; e more than 5-year dichotomous data. The surface under the cumulative ranking curve (SUCRA) value for each treatment is
derived from the mean ranking in the network. A SUCRA value of 100 corresponds to a 100 per cent probability of that treatment
ranking first for that outcome, and a value of 0 corresponds to a 100 per cent probability of that treatment ranking last. Treatments in
the top right quadrant of the plot offer the best reflux control with the least dysphagia. Missing treatments indicate insufficient data to
enable cluster analysis. There were insufficient continuous data beyond 5 years. Dichotomous data for the 5–10-year and over 10-year
time points were combined to enable cluster analysis. PPF, posterior partial fundoplication; APF, anterior partial fundoplication; 90o,
90o fundoplication; PPI, proton pump inhibitor
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Other results
The results for all other outcomes are detailed in
Appendix S3, Tables S9–S15 and Figs S9–S19 (support-
ing information). Comparison-adjusted funnel plots, for
assessment of publication bias, are shown in Fig. S20
(supporting information). Study-specific effect sizes were
distributed evenly around the pooled estimate line, with
the exception of studies of NF versus PPF reporting reflux
rate data.

Cluster plots of benefit and harm

SUCRA clustered ranking plots are shown in Fig. 5. Across
all time points with sufficient data to enable this analysis,
PPF was the only treatment that consistently ranked well
in terms of reflux and dysphagia.

Discussion

This network meta-analysis has shown that PPF strikes
the best balance between reflux control and side-effects
including dysphagia, in comparison with other surgical
procedures for GORD. PPF is also superior to medical
therapy in terms of reflux control. These findings remain
consistent through all follow-up time points, and different
outcome measures.

Three previous pairwise meta-analyses3,16,17 investigated
the outcomes of PPF in comparison with NF alone, con-
cluding that PPF resulted in equivalent reflux control with
less dysphagia; however, they were not able to address
how other commonly performed procedures, such as APF,
would compare20. Other meta-analyses included PPF in a
mixed ‘posterior’12,13 or ‘partial’11,14 fundoplication group,
and compared this with a second mixed group, generat-
ing results that are difficult to interpret given the hetero-
geneous nature of the procedures being compared20. All
of the previous meta-analyses included a small number of
RCTs (fewer than 12) as only direct comparisons were pos-
sible. In addition, most used only the data reported at latest
follow-up from each trial, meaning that the analysis con-
tained short- and long-term results from different patients.
This introduces another source of heterogeneity, because
the prevalence of symptoms such as dysphagia changes sig-
nificantly over time19.

The network meta-analysis methodology used in the
present study allowed much more RCT data to be included,
with each procedure analysed simultaneously as a separate
group in a manner that fully respects randomization22.
The use of all available direct and indirect evidence
increased the precision of the effect estimates. Analysing
data from different follow-up times separately also

eliminated an important source of heterogeneity, and
allowed outcome measures over time to be determined.
These features increase the external validity and clinical
applicability of the results, in comparison with other
reviews.

Patient-reported scores were used to assess all primary
and several secondary outcomes in this review to enable a
pragmatic evaluation of the procedures4. More objective
tools such as pH monitoring and oesophagoscopy have
traditionally been regarded as the standard methods of
assessing reflux control after surgery for GORD18, and
manometry and mechanical studies have been used to assess
side-effects such as dysphagia31. However, there is evidence
that the results of such investigations correlate poorly with
clinical outcome following surgery6,32–35. Furthermore,
patients who feel well after surgery with no significant
symptoms are less likely to consent to further invasive tests,
which may bias the results36.

The best measure of surgical success is relief of symp-
toms without significant side-effects, as reported by the
patient, particularly as the indication for antireflux surgery
is usually patient preference and symptom severity35.
Patient-reported symptom scores have been shown to
correlate best with the actual outcome as perceived by the
patient37.

This study has some potential limitations. The quality
of included trials in any meta-analysis affects the validity
of its results, and the risk of selection and performance
bias in a proportion of included RCTs was assessed
as unclear or high, as blinding was not attempted or
reported. Blinding was not possible in trials that com-
pared surgical intervention with PPI therapy. Overall, trial
quality did not significantly vary between comparisons,
and there was no evidence of systematic publication
bias.

The inclusion of non-fundoplication procedures, one of
which is no longer performed because of safety concerns38,
may be questioned. This was done to enable use of indirect
evidence available from those RCTs, and therefore increase
the precision of the overall effect estimates. Furthermore,
each of these older procedures was analysed as a separate
individual node in all analyses, and subjected to sensitivity
analysis (by exclusion) to ensure that its inclusion did not
influence the main findings.

Current US10 and European19 guidelines suggest that the
choice of antireflux procedure should be left to the indi-
vidual surgeon according to their expertise and regional
practice, as the conclusions of published trials and reviews
have been mixed. This network meta-analysis, which incor-
porates the results of over 50 RCTs involving more than
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5300 patients, has shown that PPF provides the best bal-
ance of reflux control and dysphagia, in comparison with all
other antireflux procedures and medical therapy, and that
this effect is durable.

Acknowledgements

The authors thank V. Jordan (NZ Cochrane Fellow, School
of Medicine, University of Auckland) and R. German
(Medical Librarian, University of Otago) for assistance
with development and validation of the search strategy; the
Interloans team at the University of Otago Library and
staff at the Royal Australasian College of Surgeons Library
for their assistance with retrieval of trial papers; and
D. Watson (Flinders University) for providing additional
study information and data. The protocol for this review
was registered a priori (PROSPERO: CRD42014010074).
This project was supported by a Health Research Coun-
cil of New Zealand Project Grant (12/256) and a Dunedin
School of Medicine Dean Bequest Fund Grant (2016).
M.A.A. is the recipient of a Royal Australasian College of
Surgeons Foundation for Surgery New Zealand Scholar-
ship (2015) and a Dunedin School of Medicine Dunbar
Scholarship (2014, 2016).
Disclosure: The authors declare no conflict of interest.

References

1 Dent J, El-Serag HB, Wallander MA, Johansson S.
Epidemiology of gastro-oesophageal reflux disease: a
systematic review. Gut 2005; 54: 710–717.

2 Wileman SM, McCann S, Grant AM, Krukowski ZH, Bruce
J. Medical versus surgical management for
gastro-oesophageal reflux disease (GORD) in adults.
Cochrane Database Syst Rev 2010; (3)CD003243.

3 Broeders JA, Mauritz FA, Ahmed Ali U, Draaisma WA,
Ruurda JP, Gooszen HG et al. Systematic review and
meta-analysis of laparoscopic Nissen (posterior total) versus
Toupet (posterior partial) fundoplication for
gastro-oesophageal reflux disease. Br J Surg 2010; 97:
1318–1330.

4 Grant AM, Cotton SC, Boachie C, Ramsay CR, Krukowski
ZH, Heading RC et al.; REFLUX Trial Group. Minimal
access surgery compared with medical management for
gastro-oesophageal reflux disease: five year follow-up of a
randomised controlled trial (REFLUX). BMJ 2013; 346:
f1908.

5 Faria R, Bojke L, Epstein D, Corbacho B, Sculpher M;
REFLUX trial group. Cost-effectiveness of laparoscopic
fundoplication versus continued medical management for the
treatment of gastro-oesophageal reflux disease based on
long-term follow-up of the REFLUX trial. Br J Surg 2013;
100: 1205–1213.

6 Anvari M, Allen C, Marshall J, Armstrong D, Goeree R,
Ungar W et al. A randomized controlled trial of laparoscopic
Nissen fundoplication versus proton pump inhibitors for the
treatment of patients with chronic gastroesophageal reflux
disease (GERD): 3-year outcomes. Surg Endosc 2011; 25:
2547–2554.

7 Goeree R, Hopkins R, Marshall JK, Armstrong D, Ungar
WJ, Goldsmith C et al. Cost–utility of laparoscopic Nissen
fundoplication versus proton pump inhibitors for chronic and
controlled gastroesophageal reflux disease: a 3-year
prospective randomized controlled trial and economic
evaluation. Value Health 2011; 14: 263–273.

8 Mackay C, Wileman SM, Krukowski ZH, Bruce J.
Laparoscopic fundoplication for gastro-oesophageal reflux
disease (GORD) in adults. Cochrane Database Syst Rev 2010;
(9)CD008719.

9 Nissen R. [A simple operation for control of reflux
esophagitis.] Schweiz Med Wochenschr 1956; 86(Suppl 20):
590–592.

10 Stefanidis D, Hope WW, Kohn GP, Reardon PR,
Richardson WS, Fanelli RD; SAGES Guidelines Committee.
Guidelines for surgical treatment of gastroesophageal reflux
disease. Surg Endosc 2010; 24: 2647–2669.

11 Ma S, Qian B, Shang L, Shi R, Zhang G. A meta-analysis
comparing laparoscopic partial versus Nissen fundoplication.
ANZ J Surg 2012; 82: 17–22.

12 Memon MA, Subramanya MS, Hossain MB, Yunus RM,
Khan S, Memon B. Laparoscopic anterior versus posterior
fundoplication for gastro-esophageal reflux disease: a
meta-analysis and systematic review. World J Surg 2015; 39:
981–996.

13 Broeders JA, Roks DJ, Ahmed Ali U, Draaisma WA, Smout
AJ, Hazebroek EJ. Laparoscopic anterior versus posterior
fundoplication for gastroesophageal reflux disease: systematic
review and meta-analysis of randomized clinical trials.
Ann Surg 2011; 254: 39–47.

14 Varin O, Velstra B, De Sutter S, Ceelen W. Total vs partial
fundoplication in the treatment of gastroesophageal
reflux disease: a meta-analysis. Arch Surg 2009; 144:
273–278.

15 Broeders JA, Roks DJ, Ahmed Ali U, Watson DI, Baigrie RJ,
Cao Z et al. Laparoscopic anterior 180-degree versus Nissen
fundoplication for gastroesophageal reflux disease: systematic
review and meta-analysis of randomized clinical trials. Ann
Surg 2013; 257: 850–859.

16 Shan CX, Zhang W, Zheng XM, Jiang DZ, Liu S, Qiu M.
Evidence-based appraisal in laparoscopic Nissen and Toupet
fundoplications for gastroesophageal reflux disease. World J
Gastroenterol 2010; 16: 3063–3071.

17 Tan G, Yang Z, Wang Z. Meta-analysis of laparoscopic total
(Nissen) versus posterior (Toupet) fundoplication for
gastro-oesophageal reflux disease based on randomized
clinical trials. ANZ J Surg 2011; 81: 246–252.

18 Demeester TR, Johnson LF, Kent AH. Evaluation of current
operations for the prevention of gastroesophageal reflux. Ann
Surg 1974; 180: 511–525.

© 2018 BJS Society Ltd www.bjs.co.uk BJS 2018; 105: 1398–1407
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/105/11/1398/6123249 by C

olum
bia U

niversity Libraries user on 22 February 2026



Surgical management of gastro-oesophageal reflux disease in adults 1407

19 Fuchs KH, Babic B, Breithaupt W, Dallemagne B, Fingerhut
A, Furnee E et al.; European Association of Endoscopic
Surgery (EAES). EAES recommendations for the
management of gastroesophageal reflux disease. Surg Endosc
2014; 28: 1753–1773.

20 Thompson SK, Watson DI. What is the best anti-reflux
operation? All fundoplications are not created equal. World J
Surg 2015; 39: 997–999.

21 Daud WN, Thompson SK, Jamieson GG, Devitt PG,
Martin IJ, Watson DI. Randomized controlled trial of
laparoscopic anterior 180∘ partial versus posterior 270∘
partial fundoplication. ANZ J Surg 2015; 85: 668–672.

22 Caldwell DM, Ades AE, Higgins JP. Simultaneous
comparison of multiple treatments: combining direct and
indirect evidence. BMJ 2005; 331: 897–900.

23 Lumley T. Network meta-analysis for indirect treatment
comparisons. Stat Med 2002; 21: 2313–2324.

24 Higgins JP, Green S. Cochrane Handbook for Systematic
Reviews of Interventions. Version 5.1.0 [updated March 2011].
http://handbook-5-1.cochrane.org/ [accessed 4 June 2017].

25 Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. BMJ 2009; 339:
b2535.

26 Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid
CH, Cameron C et al. The PRISMA extension statement for
reporting of systematic reviews incorporating network
meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med 2015; 162: 777–784.

27 Amer MA, Smith MD, Herbison GP, McCall JL. Surgical
Management of Gastro-Oesophageal Reflux Disease (GORD) in
Adults: A Systematic Review and Network Meta-analysis.
PROSPERO 2014: CRD42014010074. http://www.crd.york
.ac.uk/PROSPERO/display_record.php?RecordID=10074&
VersionID=51607 [accessed 15 June 2018].

28 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D,
Oxman AD et al.; Cochrane Bias Methods Group; Cochrane
Statistical Methods Group. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ 2011;
343: d5928.

29 Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti
G. Graphical tools for network meta-analysis in STATA.
PLoS One 2013; 8: e76654.

30 White IR. Network meta-analysis. Stata J 2015; 15:
951–985.

31 Booth MI, Stratford J, Jones L, Dehn TC. Randomized
clinical trial of laparoscopic total (Nissen) versus posterior
partial (Toupet) fundoplication for gastro-oesophageal reflux
disease based on preoperative oesophageal manometry. Br J
Surg 2008; 95: 57–63.

32 Mathew G, Watson DI, Myers JC, Holloway RH, Jamieson
GG. Oesophageal motility before and after laparoscopic
Nissen fundoplication. Br J Surg 1997; 84: 1465–1469.

33 Walker SJ, Holt S, Sanderson CJ, Stoddard CJ. Comparison
of Nissen total and Lind partial transabdominal
fundoplication in the treatment of gastro-oesophageal reflux.
Br J Surg 1992; 79: 410–414.

34 O’Boyle CJ, Watson DI, Jamieson GG, Myers JC, Game PA,
Devitt PG. Division of short gastric vessels at laparoscopic
Nissen fundoplication: a prospective double-blind
randomized trial with 5-year follow-up. Ann Surg 2002; 235:
165–170.

35 Shaw JM, Bornman PC, Callanan MD, Beckingham IJ, Metz
DC. Long-term outcome of laparoscopic Nissen and
laparoscopic Toupet fundoplication for gastroesophageal
reflux disease: a prospective, randomized trial. Surg Endosc
2010; 24: 924–932.

36 Cai W, Watson DI, Lally CJ, Devitt PG, Game PA, Jamieson
GG. Ten-year clinical outcome of a prospective randomized
clinical trial of laparoscopic Nissen versus anterior
180∘partial fundoplication. Br J Surg 2008; 95: 1501–1505.

37 Watson DI, Devitt PG, Smith L, Jamieson GG. Anterior 90∘
partial vs Nissen fundoplication – 5 year follow-up of a
single-centre randomised trial. J Gastrointest Surg 2012; 16:
1653–1658.

38 Kmiot WA, Kirby RM, Akinola D, Temple JG. Prospective
randomized trial of Nissen fundoplication and Angelchik
prosthesis in the surgical treatment of medically refractory
gastro-oesophageal reflux disease. Br J Surg 1991; 78:
1181–1184.

Supporting information

Additional supporting information can be found online in the Supporting Information section at the end of the
article.

© 2018 BJS Society Ltd www.bjs.co.uk BJS 2018; 105: 1398–1407
Published by John Wiley & Sons Ltd

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/105/11/1398/6123249 by C

olum
bia U

niversity Libraries user on 22 February 2026

http://handbook-5-1.cochrane.org/
http://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=10074&VersionID=51607
http://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=10074&VersionID=51607
http://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=10074&VersionID=51607



