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Review question/objective: The objective of this review is to determine the relative effectiveness of Nissen
fundoplication compared to anterior and posterior partial fundoplication in controlling the symptoms of gastro-
esophageal reflux disease and reducing their side effect profile in adults.
The specific questions posed by this review are: what is the effectiveness of Nissen fundoplication in comparison to
anterior partial fundoplication (90 degree, 120 degree and 180 degree) and posterior 270 degree fundoplication in
terms of symptom control of gastro-esophageal reflux disease, and what are the side effects of these surgical
interventions?
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Introduction

G astro-esophageal reflux disease (GERD) is a
very common gastrointestinal disease. A

meta-analysis of the epidemiology of GERD sug-
gested that the prevalence in Europe and the United
States is between 10–20%.1 The Gastroenterologi-
cal Society of Australia states that 15–20% of adults
experience symptoms of GERD once per week.2

Gastro-esophageal reflux disease occurs when an
incompetent lower esophageal sphincter allows
acidic gastric contents to flow up into the esophagus
(Figure 1). This can result is symptoms such as;
heartburn, regurgitation, upper abdominal pain,
dysphagia or odynophagia, as well as complications
such as peptic strictures and Barrett’s esophagus.3

Gastro-esophageal reflux disease is a known risk
factor for developing Barrett’s esophagus and esoph-
ageal adenocarcinoma.4,5

Gastro-esophageal reflux disease is a significant
public health problem which places a large burden of
disease upon the community.6,7 Gastro-esophageal
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reflux disease causes some of the most commonly
seen symptoms in primary care.8 The majority of
patients are managed with a combination of lifestyle
modifications and medical treatments such as acid
lowering medications, primarily proton pump inhib-
itors (PPIs).9 In the 2015–2016 financial year, the
total cost (to the patient and government) of acid
lowering medications, which are the primary man-
agement of GERD, in Australia was AUD374 mil-
lion.10 This does not include the additional cost of
consultations and endoscopies.

The pain and discomfort caused by GERD can
adversely affect patients’ lives in many ways, includ-
ing decreased productivity at work secondary to
sleep disturbance.11 The health-related quality of
life for patients with GERD has been shown to
be significantly impaired compared to the general
population and the chronic disease population
(for conditions such as arthritis, diabetes and car-
diovascular disease).11,12 The greatest differences
were seen in areas of physical functioning, physical
role limitations, pain, general health perceptions
and vitality.6,12 A recent systematic review found
that there was a linear association between increases
in the frequency and severity of symptoms and
decreases in mental health and psychological
wellbeing.11
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Figure 1: Gastro-esophageal reflux disease (GERD)43
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The purpose of surgery in the management of
GERD is for the management of patients who are
nonresponsive or noncompliant with medical
management. Laparoscopic fundoplication is the
standard surgical treatment of GERD.13-15 A fundo-
plication is created by wrapping the fundus of the
stomach around the lower esophagus. Nissen fun-
doplication is the most common surgical procedure
used for the management of GERD.13-15 The Nissen
fundoplication describes an operation where the
fundus of the stomach is used to create a 360-degree
wrap (Figure 2). This is a very effective operation
for reducing symptoms relating to GERD, with up
to 90% of patients experiencing resolution of
Figure 2: Nissen fundoplication44
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symptoms following laparoscopic fundoplication.16

But unfortunately fundoplication also has a signifi-
cant association with postoperative dysphagia
(8–12% of patients) and gas related symptoms; such
as belching, gas bloating and flatulence (up to 19%
of patients).17-22 These symptoms are commonly
collectively referred to as post fundoplication syn-
drome.

Apart from Nissen fundoplication, other partial
fundoplications (where the fundus of the stomach is
only partially wrapped around the lower esophagus)
have been developed with the goal of reducing the
post fundoplication symptoms, without compromis-
ing anti reflux effectiveness. The most commonly
used partial fundoplications in clinical practice
today are: the 180-degree anterior fundoplication
and the 270-degree posterior fundoplication
(also known as the Toupet fundoplication).23,24

The 270-degree partial fundoplication has been sug-
gested to reduce the postoperative prevalence of
dysphagia and gas related symptoms.25-28 However,
it has not been widely used because of the suggestion
that it has inferior reflux control in comparison to
a Nissen fundoplication.29-31 The anterior 90-degree
and 120-degree fundoplications have also been
described.

A preliminary PubMed search for existing sys-
tematic reviews on this topic was conducted in April
2017. Several systematic reviews have already been
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conducted in an effort to establish which is the best
fundoplication. However, due to issues with meth-
odological quality of the reviews, the results have not
been able to influence clinical practice. Additionally,
the choice of comparisons between surgical
approaches may have influenced the results and
failed to identify important differences. The two
most recent systematic reviews by Memon et al.
and Broeders et al. failed to account for the anatom-
ical differences between these operations.32,33 Both
reviews grouped 90-degree, 120-degree and 180-
degree fundoplications into an ‘‘anterior’’ group
and 270-degree and 360-degree wraps into a ‘‘pos-
terior’’ group. These operations have differences in
outcomes for both reflux control and side effects.
The decision to categorize these operations into only
two groups may have led to misleading outcomes.
Randomized controlled trials (RCTs) have
shown that 90-degree and 120-degree wraps have
inferior reflux control compared to 180-degree
and 360-degree wraps.34-36 Therefore by combining
90-degree, 120-degree and 180-degree wraps into
the same group for meta-analysis, the result could be
potentially biased towards poorer reflux control.
Likewise posterior 270-degree wraps have been
associated with fewer side effects compared to Nis-
sen 360-degree wraps, so combining these two wraps
into the same group could lead to an underestima-
tion of the side effects for that group.19

Varin et al. and Cataric et al. completed a meta-
analysis comparing partial and complete fundopli-
cations.17,18 However in both of these reviews, ante-
rior and posterior partial fundoplications were
pooled and compared with total fundoplications.
As described above, these operations have different
outcomes and it is not appropriate to group the data
in this way for a meaningful analysis.

Our proposed review will compare the benefits
and risks of a complete 360-degree Nissen fundo-
plication to both a partial anterior fundoplication
(90 degree, 120-degree and 180-degree) and a partial
posterior 270-degree fundoplication. By defining
these operations as separate groups we hope to both
minimize the potential for bias and produce a result
that will guide clinical practice.

Inclusion criteria
Participants
The review will consider studies that include
patients:
JBI Database of Systematic Reviews and Implementation Reports
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Diagnosed with gastro-esophageal reflux disease
(GERD). The diagnosis of GERD is made based
on evidence from 24-hour esophageal pH moni-
toring investigations or endoscopically proven
esophagitis. For pH monitoring investigations
the patient is required to have a probe inserted
into the esophagus which measures the pH over a
period of time, typically 24 hours. The data col-
lected is then analyzed by an expert clinician who
interprets the results in terms of peak acid expo-
sure, total acid time and the patient’s symptoms.
Endoscopic esophagitis is the appearance of the
esophageal mucosa on direct visualization
during endoscopy.
�
 18 years of age or over.

�
 Undergoing laparoscopic and open operations

will be included in this review, but these may
be analyzed separately in the meta-analysis.
Only patients undergoing primary anti reflux
surgery with no concurrent esophageal or gastric
motility disorders will be included.

Patients who are undergoing revision anti reflux
surgery will be excluded. This is a specialized and
complex patient group, the results from these
patients cannot be generalized with the rest of the
patient population.
Intervention
This review will consider studies that evaluate the
Nissen fundoplication (also known as a complete or
360-degree fundoplication/wrap).
Comparator
The comparators of interest in this review are
the anterior partial fundoplication (90-degree,
120-degree and 180-degree) and posterior partial
270-degree fundoplication (also known as Toupet
fundoplication).
Outcomes
This review will consider studies that include the
following outcomes: dysphagia, gas bloating, recur-
rent reflux symptoms, need for revision surgery
and mortality.

These outcomes will be measured by the fol-
lowing:

�
 Dysphagia
� Measured with a validated scoring system (eg.

modified Dakkak dysphagia score).
epr
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Data

20
urrent reflux symptoms
�
 Rec
� Measured with subjective measures of the

presence and severity of reflux symptoms will
be considered.

� Measured with objective measures such as pH
studies and endoscopy will be included where
the information is presented using a validated
scoring system (e.g. DeMeester score).

s bloating
Measured by the presence of gas bloating,
�
 Ga
�

flatulence, inability to belch.

operation rate.
rtality rate.
�
 Re-

�
 Mo
Types of studies
This review will consider English language studies
with both experimental and quasi-experimental
study designs including RCTs, non-RCTs, before
and after studies and interrupted time-series studies.
In addition, analytical observational studies includ-
ing prospective and retrospective cohort studies,
case-control studies and analytical cross-sectional
studies will be considered for inclusion. This review
will also consider descriptive observational study
designs including case series, individual case reports
and descriptive cross-sectional studies for inclusion.

Due to the existence of a relatively large number
of RCTs available for inclusion for this topic, a
hierarchal approach for evidence inclusion will be
used in order to base the results and any correspond-
ing recommendations for practice on the best avail-
able evidence. After the initial search, the results will
be ordered according to study design/level of evi-
dence and the review team will meet to discuss the
results. Preference for inclusion will be given to
higher levels of evidence. The review group will be
required to come to a consensus regarding the inclu-
sion of studies. If there are sufficient high quality
studies available lower levels of evidence will be
excluded from the analysis, but listed in an appendix
of the final review report.

Methods
Search strategy
The search strategy will aim to find both published
and unpublished studies. An initial limited search of
MEDLINE (PubMed) has been undertaken, followed
by analysis of the text words contained in the titles and
abstracts, and of the index terms used to describe the
articles. This informed the development of a search
base of Systematic Reviews and Implementation Reports
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strategy which will be tailored for each information
source. The reference lists of all studies selected for
critical appraisal will be screened for additional stud-
ies. Studies published from 1955, when the Nissen
fundoplication was first described, until the date of
the search will be included in this review.37

Information sources
The databases to be searched will include: MED-
LINE (PubMed), Embase and CINAHL

The trial registers to be searched will include:
Cochrane Central Register of Controlled Trials
(CENTRAL), ISRCTN Registry and ClinicalTrials.
gov

The search for unpublished studies will include:
MedNar and ProQuest Dissertations and Theses.

The initial search strategy that will be used when
searching the MEDLINE (PubMed) database is
shown in Appendix I.

Study selection
Following the search, all identified citations will be
collated and uploaded into EndNote (Clarivate
Analytics, PA, USA) and duplicates removed. Titles
and abstracts will then be screened by one reviewer for
assessment against the inclusion criteria for the
review. Studies that meet or could potentially meet
the inclusion criteria will be retrieved in full and their
details imported into Joanna Briggs Institute System
for the Unified Management, Assessment and Review
of Information (JBI SUMARI). The full text of
selected studies will be retrieved and assessed in detail
against the inclusion criteria. Full text studies that do
not meet the inclusion criteria will be excluded and
reasons for exclusion will be provided in an appendix
in the final systematic review report. Included studies
will undergo a process of critical appraisal. The results
of the search will be reported in full in the final report
and presented in a PRISMA flow diagram.38

Assessment of methodological quality
Selected studies will be critically appraised by two
independent reviewers at the study level for meth-
odological quality in the review using the appropri-
ate standardized critical appraisal instruments from
the Joanna Briggs Institute.39 Any disagreements
that arise will be resolved through discussion, or
with a third reviewer.

Prior to undertaking the critical appraisal process
the reviewers will come to a consensus as to which
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questions in the various appraisal tools are manda-
tory for inclusion; this process will be clearly
reported in the final review. Following critical
appraisal, studies that do not meet a specified quality
threshold will be excluded.

Authors will also be contacted for clarification
regarding issues of methodological quality.

The results of critical appraisal will also influence
the decision to include/exclude studies of lower level
study designs in the event that higher level studies are
deemed to have methodological deficiencies. In this
case, lower level studies may be included in the
review if deemed of greater methodological quality
than higher level studies.

Data extraction
Data will be extracted from papers included in the
review using the standardized data extraction tool
available in JBI SUMARI by one reviewer.40 Ideally
two reviewers would extract the data independently
from the relevant sources. However, as this review is
being completed as part of a Masters of Clinical
Science which must be completed within a two-year
timeframe, time constraints will not allow for this
process. The data extracted will include specific
details about the interventions, populations, study
methods and outcomes of significance to the review
questions and specific objective. Authors of papers
will be contacted to request missing or additional
data, where required.

Data synthesis
Papers will, where possible, be pooled in statistical
meta-analysis using JBI SUMARI. Decisions to
undertake meta-analyses of the included studies will
be based upon an assessment of statistical and clini-
cal homogeneity. Heterogeneity will be assessed
statistically using the standard chi-squared and I
squared tests. Where appropriate, data will be
pooled in statistical meta-analysis using JBI
SUMARI and the results presented in one of more
forest plots. Effect sizes will be expressed as either
odds ratios (for dichotomous data) and weighted (or
standardized) mean differences (for continuous
data), and their 95% confidence intervals will be
calculated for analysis. Heterogeneity will be
assessed statistically using the standard chi-squared
and I squared tests. The choice of model (random or
fixed effects) and method for meta-analysis will be
based on the guidance by Tufunaru et al.41
JBI Database of Systematic Reviews and Implementation Reports
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Studies will be grouped into patients with ante-
rior 90-degree fundoplication, anterior 120-degree
fundoplication, anterior 180-degree fundoplica-
tion, posterior 270-degree fundoplication and
Nissen 360-degree fundoplication. The combined
results of each fundoplication will be compared
with one another as five separate groups. Studies
may also be grouped into patients with anterior
fundoplications, posterior fundoplications and
Nissen fundoplications. Laparoscopic and open
operations may be analyzed separately in the
meta-analysis.

Where statistical pooling is not possible, the find-
ings will be presented in narrative form including
tables and figures to aid in data presentation where
appropriate.

A funnel plot will be generated to assess publica-
tion bias if there are 10 or more studies included in a
meta-analysis. Statistical tests for funnel plot asym-
metry (Egger test, Begg test, Harbord test) will be
performed where appropriate.
Assessing certainty in the findings
A Summary of Findings will be created using
GRADEPro GDT software.42 The GRADE
approach for grading the quality of evidence will
be followed. The Summary of Findings will present
the following information where appropriate: abso-
lute risks for treatment and control, estimates of
relative risk, and a ranking of the quality of the
evidence based on study limitations (risk of bias),
indirectness, inconsistency, imprecision and publica-
tion bias.

The following outcomes will be included in the
Summary of Findings:

�

d r
Dysphagia

�
 Recurrent reflux symptoms

�
 Gas bloating

�
 Reoperation rate

�
 Mortality.
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SYSTEMATIC REVIEW PROTOCOL M. Marshall-Webb et al.
Appendix I: Search strategy

The initial search strategy to be used in MEDLINE (PubMed) is as follows:

gastroesophageal reflux[mh] OR gastroesophageal reflux [tw] OR gastro esophageal reflux[tw] OR gastro
oesophageal reflux[tw] OR gastric acid reflux[tw] OR oesophageal reflux[tw] OR esophageal reflux[tw] OR
GERD[tw] OR GORD[tw] OR

laryngopharyngeal reflux[mh] OR laryngopharyngeal reflux[tw] OR acid reflux[tw] OR heartburn[tw]

AND

Nissen Operation[mh] OR Nissen[tw]

AND

Anterior Fundoplication�[tw] OR Anterior Partial Fundoplication�[tw] OR Watson Fundoplication�[tw]
OR Dor Fundoplication�[tw] OR 180 degree Fundoplication�[tw] OR 120 degree Fundoplication�[tw] OR
90 degree Fundoplication�[tw] OR Posterior Fundoplication�[tw] OR Posterior Partial Fundoplication�[tw]
OR Toupet Fundoplication�[tw] OR 270 degree Fundoplication�[tw]
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