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Objective: To compare longer term (5-year) outcomes for reflux control and
postsurgery side effects after laparoscopic anterior (90◦ and 180◦) partial
versus Nissen fundoplication for gastroesophageal reflux.
Background: Laparoscopic Nissen fundoplication is the most frequently per-
formed surgical procedure for gastroesophageal reflux. It achieves excellent
control of reflux, but in some patients it is followed by troublesome side effects.
To reduce the risk of side effects laparoscopic anterior partial fundoplication
variants have been advocated, although some studies suggest poorer reflux
control.
Methods: From 1995 to 2003, 461 patients with gastroesophageal reflux were
enrolled in 4 randomized controlled trials comparing anterior partial versus
Nissen fundoplication. Two trials evaluated anterior 180◦ and 2 anterior 90◦
partial fundoplication. The original trial data were combined, and a reanalysis
from original data was undertaken to determine outcomes at 5 years follow-up.
Reflux symptom control and side effects were evaluated in a blinded fashion
using standardized questionnaires, including 0 to 10 analog scores (0 = no
symptoms, 10 = severe symptoms).
Results: At 5 years, patients who underwent an anterior 90◦ or 180◦ partial
fundoplication had less side effects than those who underwent Nissen fundo-
plication and were equally satisfied with the overall outcome. Reflux control,
measured by heartburn scores and antisecretory medication use, was simi-
lar for anterior 180◦ partial versus Nissen fundoplication, but inferior after
anterior 90◦ partial versus Nissen fundoplication.
Conclusions: Anterior 180◦ partial fundoplication achieves durable control of
reflux symptoms and fewer side effects compared with Nissen fundoplication.
Reflux control after anterior 90◦ partial fundoplication appears less effective
than after Nissen fundoplication. This data supports the use of anterior 180◦
partial fundoplication for the surgical treatment of gastroesophageal reflux.

(Ann Surg 2012;255:637–642)

L aparoscopic fundoplication is the surgical approach of choice for
the treatment of gastroesophageal reflux disease. It achieves sim-

ilar long-term reflux control, with less short and long-term problems,
compared with open fundoplication.1 Laparoscopic Nissen fundopli-
cation is the most frequently performed antireflux operation and alters
the anatomy of the gastroesophageal junction. The gastroesophageal
junction serves 3 functions. The first is to allow swallowed solids and

From the ∗Discipline of Surgery, University of Adelaide, Royal Adelaide Hos-
pital, Adelaide, South Australia; †Gastrointestinal Surgical Unit, Kingsbury
Hospital, University of Cape Town, Cape Town, South Africa; and ‡Flinders
University Department of Surgery, Flinders Medical Centre, Bedford Park,
South Australia.

Disclosure: The authors declare no conflict of interest.
Reprints: Joris A.J.L. Broeders, MD, PhD, Department of Surgery, Royal Adelaide

Hospital, Level 5, Eleanor Harrald Building, Adelaide, South Australia 5000,
Australia. E-mail: joris.broeders@adelaide.edu.au.

Copyright C© 2012 by Lippincott Williams & Wilkins
ISSN: 0003-4932/12/25504-0637
DOI: 10.1097/SLA.0b013e31824b31ad

liquids to pass from esophagus to the stomach. The second is to allow
venting of gas from the stomach to the mouth (ie, belching), and the
third function is to prevent the backward flow of gastric contents into
the esophagus (ie, gastroesophageal reflux). Nissen fundoplication
restores the third function and provides excellent reflux control.1–3

However, it delivers a supracompetent valve, which can impair the
first 2 functions. Three meta-analyses have demonstrated that Nissen
fundoplication is followed by a significant incidence of troublesome
postfundoplication side effects, including troublesome postoperative
dysphagia and gas-related problems.4–6

Laparoscopic partial fundoplication procedures have been pro-
posed as alternatives and aim to reduce the incidence of postfundo-
plication side effects. Recently published American guidelines for
antireflux surgery state that partial fundoplication provides similar
5-year reflux control, but with less postoperative dysphagia and fewer
reoperations than Nissen fundoplication.7 The guidelines suggested
that laparoscopic anterior partial fundoplication may be less effec-
tive in the long-term. However, there may be important differences
between different anterior partial fundoplication variants (eg, 90◦ vs
120◦ vs 180◦), and therefore generalizing all anterior partial fun-
doplication procedures into a single category might not be appro-
priate. Furthermore, specific differences between different anterior
partial fundoplication variants are not well understood. A recent meta-
analysis also pooled anterior 90◦, 120◦, and 180◦ partial fundoplica-
tions, and compared this group to pooled results of posterior 180◦,
200◦, and Nissen fundoplication.8 This analysis also suggested that
reflux control for the pooled anterior fundoplication types was infe-
rior to the pooled results of the posterior and Nissen fundoplication
procedures.8 However, this analysis failed to recognize and consider
important differences between the fundoplication subtypes, and that
technical differences might be important for achieving good clinical
outcomes. Furthermore, this meta-analysis did not access raw data
from the original trials. Hence, it is not appropriate to extrapolate its
conclusions to specific fundoplication procedures.

To overcome the problems inherent in previous studies, we
combined raw data sets from 4 randomized controlled trials of la-
paroscopic anterior partial versus laparoscopic Nissen fundoplica-
tion, and used the original data to determine the clinical outcomes
at 5 years follow-up. Two of the trials compared anterior 90◦ partial
with Nissen fundoplication,9,10 and 2 compared anterior 180◦ with
Nissen fundoplication.11,12 These combined data sets allowed ran-
domized comparisons of both anterior partial fundoplication variants
with Nissen fundoplication.

METHODS
Study Design and Participants

Data sets from 4 previously reported randomized controlled
trials of anterior 180◦11,12 or anterior 90◦9,10 partial fundoplication
versus Nissen fundoplication were combined and reanalyzed (Fig. 1).
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FIGURE 1. Study profile: CONSORT analysis
5-year follow-up for the anterior 90◦ partial
(90◦ LAF), anterior 180◦ partial (180◦ LAF),
and Nissen fundoplication (LNF) groups.

Patients presenting for primary antireflux surgery from 1995 to 2003
were recruited into these trials. Two trials compared anterior 90◦

partial versus Nissen fundoplication9,10 and 2 compared anterior 180◦

partial versus Nissen fundoplication.11,12 Five-year outcome data for
2 of the trials has been reported previously.13,14

All trials used a common methodology. Procedures were stan-
dardized across all centers, follow-up was undertaken in a blinded
fashion, and common standardized symptom and outcome scores
were used in all studies. All enrolled patients had objective evidence
of gastroesophageal reflux disease at either 24-hour pH monitoring
(pH < 4 for more than 7% of time) or upper endoscopy (ulcerative
esophagitis).9–12 Three hundred ninety-three patients underwent la-
paroscopic fundoplication in either Adelaide, South Australia,9–11 or
in Cape Town, South Africa.12 Sixty-eight patients underwent surgery
elsewhere in Australia or New Zealand within a multicentre trial of an-
terior 90◦ versus Nissen fundoplication, which was coordinated from
Adelaide.9 The lead clinician in the South African study worked in
Adelaide in 1995 and participated in the development of the first
anterior 180◦ partial versus Nissen fundoplication trial undertaken in
Adelaide.11 He applied the same surgical techniques, clinical outcome
scores, and follow-up methodology in the South African trial.

Exclusion criteria were age less than 18 years or more than 75
years, esophageal motility disorders that precluded Nissen fundopli-
cation, contemporaneous abdominal procedures, and previous gastric
or esophagogastric junction surgery. Data for preoperative work-up,
perioperative care and follow-up was collected prospectively and en-
tered into computerized databases. Follow-up was undertaken yearly
by “blinded” research nurses. The human research ethics commit-
tees of the hospitals in which surgery was undertaken approved the
protocols of all trials.

Surgical Procedures
In each trial, patients were randomized 1:1 to undergo either

anterior (90◦ or 180◦) partial or Nissen fundoplication. All procedures
were commenced laparoscopically. The surgical techniques have been
described in detail elsewhere.9–12 The initial steps for all 3 types of
fundoplication were identical: hiatal dissection with minimal use of
diathermy, preservation of the hepatic branch of the vagus nerve,
mobilization of the distal esophagus and routine posterior hiatal re-
pair. Short gastric blood vessels were not routinely divided, except in
patients undergoing Nissen fundoplication in one of the 4 trials.9

Laparoscopic anterior 90◦ partial fundoplication was fashioned
by first stabilizing the intra-abdominal esophagus with a posterior
esophagopexy suture. The angle of His was then accentuated by plac-
ing 2 sutures between the left side of the esophagus and the adjacent
gastric fundus—the upper suture also incorporating the hiatal rim.
Next, the gastric fundus was sutured loosely over the left side and
the front of the esophagus using an apical suture that anchored the

fundus to the anterior esophagus and the apex of the hiatal rim in
the midline. The inferior edge of the fundal fold was also sutured
to the anterior esophagus in the midline.9,10 Laparoscopic anterior
180◦ partial fundoplication was constructed by suturing the anterior
fundal wall to the right and left hiatal pillars and the apex of the
hiatal rim using 5 to 6 sutures.11,12 The key difference between the
2 anterior partial fundoplication techniques was that the fundus was
anchored to the right hiatal pillar during anterior 180◦ fundoplication,
but not during anterior 90◦ fundoplication. Laparoscopic Nissen fun-
doplication entailed construction of a loose 1- and 2-cm long 360◦

fundoplication with a 52 to 60 Fr intraesophageal bougie present to
help ensure a tension-free wrap.9–12,15 Three sutures were used to
secure the wrap.9–12,15

Clinical Outcomes
Preoperative, perioperative, and follow-up data were collected

prospectively. Follow-up entailed the application of a standardized set
of questions, administered each year by either postal questionnaire
or telephone interview, 5-year follow-up data was analyzed. Other
events during the follow-up period, such as endoscopic dilatation for
dysphagia or surgical reoperation, were also identified prospectively
and recorded. Visual analog scores were used to assess symptoms.
Heartburn was evaluated using an analog score (0 = no heartburn;
10 = severe heartburn) and by determining the use of antisecretory
medications. The presence of dysphagia (yes/no question) and analog
scores for solids and liquids (0 = no dysphagia; 10 = severe dyspha-
gia) were recorded. A validated 0 to 45 dysphagia score16 was used
to quantify the ability to swallow 9 types of liquids and solids (0 =
no dysphagia; 45 = severe dysphagia).17 Patients were also asked
whether they were able to eat a normal diet. Gas-related symptoms
were assessed by yes/no questions, which determined the ability to
belch, presence of abdominal bloating symptoms, ability to relieve
bloating by belching, and increased flatulence. Patient satisfaction
was scored using an analog score (0 = dissatisfied; 10 = satisfied)
and a Visick score (1 = no symptoms; 2 = mild symptoms; 3 = mod-
erate symptoms; 4 = moderate symptoms interfering with life; 5 =
symptoms as bad or worse after surgery).17 Patients were also asked
whether they still regarded their initial decision to undergo surgery to
be correct.

Statistical Analysis
Statistical analysis was performed using SPSS version 17.0

(SPSS inc, Chicago, IL). Data were analyzed according to the
intention-to-treat principle. Continuous variables were expressed as
mean ± standard deviation [SD], and groups were compared using
the Mann-Whitney U test. Ordinal variables were expressed as per-
centages, and differences between groups were analyzed using the χ2

test. Differences in the number of patients undergoing endoscopic
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dilatation for dysphagia or reoperation were determined using
Kaplan-Meier survival curves with log-rank tests.

RESULTS
A total of 461 patients were enrolled in the 4 randomized

controlled trials and underwent either laparoscopic anterior partial
fundoplication (n = 233) or laparoscopic Nissen fundoplication
(n = 228) for gastroesophageal reflux. A 5-year outcome was avail-
able for 434 (94.1%). Nine (2.0%) patients died during follow-
up, and clinical outcome scores were available for 425 (92.2%)
patients 5 years after surgery—anterior partial (n = 211), Nissen
fundoplication (n = 214). Full details of patient follow-up are sum-
marized in Figure 1. Data were available from a subset of 172 patients
for comparison of anterior 90◦ partial (n = 90) versus Nissen fundo-
plication (n = 82), and from 253 patients for comparison of anterior
180◦ partial (n = 121) versus Nissen fundoplication (n = 132). Base-
line patient characteristics were similar for the anterior partial and
fundoplication Nissen groups (Table 1).

Anterior 90◦ Partial Versus Nissen Fundoplication
Outcomes at 5 years for anterior 90◦ partial versus Nissen

fundoplication are summarized in Table 2. Heartburn scores were
higher after anterior 90◦ partial fundoplication, and the use of anti-
secretory medication was more common. However, dysphagia was
less common, more patients were able to eat a normal diet, the mean
analog score for dysphagia for solid food was lower, and the mean
0 to 45 dysphagia score was lower after anterior 90◦ partial fundopli-
cation. Gas-related symptoms were less common after anterior 90◦

partial fundoplication, with better preserved ability to belch, and less
flatulence. All measures of overall satisfaction with the outcome of
surgery were similar for the 2 procedures.

There were no significant differences in the number of endo-
scopic dilatations performed for dysphagia (2.0% vs 6.0%; P = 0.202)
or the overall number of reoperations (10.0% vs 4.9%; P = 0.212)
undertaken within the 5-year follow-up period (Fig. 2). In the group
that underwent anterior 90◦ partial fundoplication, most reoperations
were performed for recurrent reflux (6.7%), whereas in the Nissen
fundoplication group, most reoperations were for dysphagia (3.7%).

TABLE 1. Baseline Characteristics of Patients According to Treatment
Group

Anterior 90◦ vs Nissen
Fundoplication

Anterior 180◦ vs Nissen
Fundoplication

Anterior 90◦ Nissen Anterior 180◦ Nissen

Patients (n) 90 82 121 132
Age (yr) 46.5 (22–76) 47.7 (22–72) 44.9 (20–74) 44.7 (16–71)
Male/female sex 52/38 48/34 72/49 82/50
Body mass index (kg/m2)∗ 29.5 [5.1] 30.0 [5.7] 27.7 [4.3] 30.0 [6.6]
Follow-up interval (mo)∗ 64.7 [9.6] 63.2 [8.2] 67.7 [10.1] 67.4 [9.6]

∗Values are given as mean [SD].

TABLE 2. Symptomatic Outcome at 5 Years After Anterior 90◦ and Nissen Fundoplication

Anterior 90◦ Nissen P-value

Reflux symptoms
Analog heartburn score∗ 2.2 [2.5] (n = 78) 1.6 [2.5] (n = 73) 0.043
Use of antisecretory drugs 29/84 [34.5%] 9/76 [11.8%] 0.001

Dysphagia
Dysphagia 26/84 [30.9%] 38/76 [50.0%] 0.014
Analog score for dysphagia for liquids∗ 0.7 [1.6] (n = 90) 1.2 [2.5] (n = 82) 0.399
Analog score for dysphagia for solids∗ 1.6 [2.4] (n = 89) 2.9 [3.0] (n = 81) 0.001
0–45 Dysphagia score∗ 6.4 [8.3] (n = 90) 10.8 [11.0] (n = 82) 0.007
Normal diet 83/87 [95.4%] 68/82 [82.9%] 0.009
Dilatation for dysphagia 2/90 [2.2%] 5/82 [6.1%] 0.202

Gas-related symptoms
Inability to belch 3/87 [3.4%] 29/82 [35.4%] <0.001
Gas bloating 48/89 [53.9%] 47/82 [57.3%] 0.656
Inability to relieve bloating 32/64 [50.0%] 26/61 [42.6%] 0.408
Increased flatulence 36/88 [40.9%] 55/82 [67.1%] 0.001

Patient satisfaction
Analog score for satisfaction∗ 7.3 [3.3] (n = 90) 7.5 [3.0] (n = 82) 0.975
Correct decision for surgery? 72/87 [82.8%] 68/81 [84.0%] 0.836
Visick score 0.404
1 (no symptoms) 24 [27.6%] 17 [20.7%]
2 (mild symptoms) 36 [41.4%] 37 [45.1%]
3 (moderate symptoms) 7 [8.0%] 7 [8.5%]
4 (symptoms interfering with life) 8 [9.2%] 14 [17.1%]
5 (symptoms not improved) 12 [13.8%] 7 [8.5%]
Visick 1 and 2 (no or mild symptoms) 60/87 [69.0%] 54/82 [65.9%] 0.666

∗Values are gives as mean [SD].
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Anterior 180◦ Partial Versus Nissen Fundoplication
The outcomes at 5 years for anterior 180◦ partial versus Nissen

fundoplication are summarized in Table 3. Heartburn scores and the
use of antisecretory medication were similar for the 2 procedures.
Dysphagia was less common after anterior 180◦ partial fundoplica-
tion, the mean analog scores for dysphagia for solids and liquids was
lower, and the mean 0 to 45 dysphagia score was lower after ante-
rior 180◦ partial fundoplication. Gas-related symptoms were also less
common after anterior 180◦ partial fundoplication, belching ability
and the ability to relieve bloating were better preserved, and flatulence

FIGURE 2. Reoperation rate and indications for reoperation at
5 years after anterior 90◦ partial (90◦ LAF) versus Nissen fun-
doplication (LNF), and anterior 180◦ partial (180◦ LAF) versus
Nissen fundoplication (LNF).

was less troublesome. All measures of overall satisfaction with the
outcome of surgery were similar for the 2 procedures.

There were no significant differences in the number of en-
doscopic dilatations performed for dysphagia (2.0% vs 5.0%; P =
0.191) or the overall number of reoperations (9.9% vs 6.1%; P =
0.256) undertaken (Fig. 2). In the group that underwent anterior 180◦

partial fundoplication most reoperations were performed for recur-
rent reflux (7.4%), whereas in the Nissen fundoplication group most
reoperations were for dysphagia (6.1%).

DISCUSSION
Antireflux surgery aims to provide durable reflux control with

minimal postfundoplication side effects. In general, for most patients
this is achieved, although some are troubled by side effects. To min-
imize the risk of side effects, routine use of a partial fundoplication
has been proposed. However, the perception that there is a paucity
of long-term follow-up data for antireflux surgery has recently led
to published American guidelines for the surgical treatment of reflux
recommending “controlled studies with long-term follow-up” to de-
termine the surgical therapy of choice.7 Long-term follow-up data
is available in many relevant randomized controlled trials,13,14,18,19

and excellent outcomes have been demonstrated for anterior par-
tial fundoplication variants in randomized controlled trials at 5 and
10 years follow-up.13,14,18 In contrast, the 5-year outcomes of an-
other trial has suggested inferior reflux control after anterior partial
fundoplication.19 In our current study, we provide further analysis
of long-term outcome data from 4 randomized controlled trials, and
by combining the 5-year outcome data sets for further analysis of the
original data we have accessed the largest randomized controlled data
set, which evaluates anterior partial versus Nissen fundoplication.
The American guidelines for antireflux surgery correctly conclude
that differences in outcome between anterior 90◦ and 180◦ partial
fundoplication have not been investigated.7 To identify potential dif-
ferences in outcome between the anterior fundoplication subtypes,

TABLE 3. Symptomatic Outcome at 5 Years After Anterior 180◦ and Nissen Fundoplication

Anterior 180◦ Nissen P

Reflux symptoms
Analog heartburn score∗ 1.8 [2.7] (n = 120) 1.6 [2.7] (n = 132) 0.316
Use of antisecretory drugs 2/51 [3.9%] 4/52 [7.7%] 0.414

Dysphagia
Dysphagia 8/38 [21.1%] 19/33 [57.6%] 0.002
Analog score for dysphagia for liquids∗ 0.5 [1.4] (n = 121) 1.2 [1.8] (n = 132) <0.001
Analog score for dysphagia for solids∗ 1.3 [2.1] (n = 121) 2.5 [2.8] (n = 131) <0.001
0–45 Dysphagia score∗ 5.3 [7.3] (n = 120) 8.8 [9.5] (n = 132) 0.003
Normal diet 106/119 [89.1%] 114/131 [87.0%] 0.618
Dilatation for dysphagia 2/121 [1.7%] 6/132 [4.5%] 0.191

Gas-related symptoms
Inability to belch 19/120 [15.8%] 46/132 [34.8%] 0.001
Gas bloating 63/120 [52.5%] 77/132 [58.3%] 0.352
Inability to relieve bloating 30/100 [30.0%] 55/123 [44.7%] 0.024
Increased flatulence 57/110 [51.8%] 79/119 [66.4%] 0.025

Patient satisfaction
Analog score for satisfaction∗ 8.5 [2.2] (n = 119) 8.2 [2.8] (n = 130) 0.643
Correct decision for surgery? 107/116 [92.2%] 111/124 [89.5%] 0.465
Visick score 0.254
1 (no symptoms) 55 [47.4%] 51 [39.5%]
2 (mild symptoms) 41 [35.3%] 54 [41.9%]
3 (moderate symptoms) 13 [11.2%] 10 [7.8%]
4 (symptoms interfering with life) 5 [4.3%] 6 [4.7%]
5 (symptoms not improved) 2 [1.7%] 8 [6.2%]
Visick 1 and 2 (no or mild symptoms) 96/116 [82.8%] 105/129 [81.4%] 0.781

∗Values are gives as mean [SD].
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we stratified and compared these subtypes separately with Nissen
fundoplication in a randomized fashion.

At 5 years follow-up, control of heartburn symptoms were
similar for anterior 180◦ partial versus Nissen fundoplication, but
inferior for anterior 90◦ fundoplication versus Nissen fundoplication.
The use of antisecretory medication after anterior 180◦ partial fun-
doplication was similar to Nissen fundoplication, but more common
after anterior 90◦ partial fundoplication versus Nissen fundoplica-
tion. This supports the contention that anterior 90◦ partial fundo-
plication creates a less effective antireflux barrier than the Nissen
fundoplication. It should be noted, however, that use of antisecretory
medication does not imply that all patients using these medications
have recurrent reflux. Earlier studies have demonstrated that only a
small proportion of these patients have abnormal esophageal acid
exposure on pH monitoring1,2,20 or endoscopic evidence of fundopli-
cation disruption.3 Others have demonstrated that approximately two
thirds of patients who take these medications after fundoplication, use
them for atypical symptoms, unrelated to the original symptoms, or
use medication in combination with nonsteroidal anti-inflammatory
agents for gastric mucosal protection.1,20 The use of antisecretory
medications should therefore only be interpreted as a “relative” in-
dicator of recurrent reflux.1,20 Both anterior 90◦ and 180◦ partial
fundoplications were associated with less dysphagia and gas-related
symptoms compared with Nissen fundoplication, and the extent of
the reduction in this problem was similar for both anterior partial
fundoplication procedures. Consistent with these outcomes was a
higher incidence of reoperation for recurrent reflux after anterior
partial fundoplication, a higher incidence of reoperation for dyspha-
gia after Nissen fundoplication, even though the overall number of
operative revision procedures were not significantly different for all
procedures. Measures of overall patient satisfaction were not signif-
icantly different for both types of anterior partial fundoplication and
Nissen fundoplication. Overall, this suggests that the best clinical
outcome at 5 years follow-up was achieved after anterior 180◦ partial
fundoplication.

The long-term differences in postfundoplication symptoms be-
tween anterior and Nissen fundoplication are supported by studies
that have evaluated physiological effects of fundoplication. Impaired
lower esophageal sphincter relaxation correlates with postfundopli-
cation dysphagia.21,22 A recent meta-analysis suggested that lower
esophageal sphincter relaxation is more likely to be incomplete af-
ter posterior than anterior partial fundoplication.8 This is probably a
consequence of placement of the stomach behind the intra-abdominal
esophagus, and this mechanism probably contributes to the higher in-
cidence of dysphagia after Nissen fundoplication. Furthermore, it is
commonly assumed that impairment of the ventilation of swallowed
air from the stomach (ie, inability to belch) causes gas bloating and
flatulence after fundoplication.23 A recent study by our group sug-
gests that air venting from the stomach is easier after partial than
Nissen fundoplication, and this could explain a reduced risk of gas
bloat and flatulence.28

A previous randomized controlled trial reported by Hagedorn
et al demonstrated poorer reflux control 5 years after an ante-
rior 120◦ partial fundoplication, compared with posterior partial
fundoplication.19,24 Might different types of anterior partial fundo-
plication have different outcomes? The key difference between the
anterior 180◦ and the 90◦ and 120◦ variants is extent of anchorage of
the fundoplication to the hiatal rim on the right side of the esopha-
gus. In the anterior 180◦ partial fundoplication, the gastric fundus is
sutured securely to the right hiatal pillar and to the esophageal wall
with 3 to 4 sutures, whereas the stomach is not sutured to the right
hiatal pillar in the 90◦ and 120◦ variants. When undertaking revision
surgery for recurrent reflux, we have noted that an anterior 180◦ fun-
doplication always remains securely attached to the right hiatal pillar,

whereas with the lesser anterior 90◦ and 120◦ partial fundoplications,
lack of anchorage on the right side can allow the fundoplication to
unravel to some extent in some patients. This might account for dif-
ferences in the rates of recurrent reflux. In general, posterior partial
fundoplications are also anchored to the hiatal rim, and the Nissen
fundoplication is constructed in a manner that does not allow it to
“unwind.” Variation in construction probably accounts for different
clinical outcomes between different wrap types at late follow-up, and
we now believe that secure anchorage of a partial fundoplication to a
rigid structure such as the hiatal rim during construction is a key step
for achieving effective long-term control of reflux.

Strengths of our current study are the randomized design, com-
mon protocols across all trials, the large sample size (n = 461), and the
use of raw data sets for our current data analysis. Surgical techniques
for construction of the fundoplication were identical, except that in
one trial short gastric vessels were routinely divided in the Nissen
fundoplication arm.9 However, multiple randomized controlled trials
have shown that division of the short gastric blood vessels during
Nissen fundoplication provides no advantage.5 Bias associated with
incomplete follow-up25 was limited by the high level of complete
follow-up at 5 years across our combined data set (94.1%).

A potential limitation of our study is that 3 of the 4 trials were
performed in Australia,9–11 and 1 in South Africa.12 However, the
principal investigator of the South African trial worked with the Aus-
tralian research group during the first trial, and then applied identical
surgical techniques and questionnaires in the South African patient
population.12 The only difference in data collection was that the use
of antisecretory medication was not assessed in the South African
trial.12 Another limitation is that we relied on clinical follow-up us-
ing validated questionnaires and we did not repeat pH monitoring,
esophageal manometry, or endoscopy at 5 years. Objective studies
were undertaken at early follow-up in each trial, and the results have
been reported previously.9–11 At early follow-up, there were no dif-
ferences in endoscopic findings or normalization of acid exposure
times between the different types of fundoplication.9–11 Our previous
experience with trying to obtain compliance with objective follow-up
in otherwise well patients has shown that a high rate of compliance
with studies such as manometry and pH monitoring at multiple points
during clinical trials is not feasible in our communities.11,25 Despite
this, the clinical outcomes we have reported are still informative,
and these clinical outcomes are arguably more relevant to day-to-day
clinical practice, in which patients determine the success of antireflux
surgery by the resolution of clinical symptoms, rather than the results
of objective investigations.

Even though our data has demonstrated equivalence for reflux
control, and less side effects for anterior 180◦ partial versus Nissen
fundoplication, it remains possible that subgroups of patients might
have different outcomes. For example, equivalence of reflux control
might not be true for individuals with more severe gastroesophageal
reflux, and a tailored approach to fundoplication might have some
merit. Unfortunately, however, it is difficult to undertake meaningful
subgroup analyses on smaller groups of patients without compromis-
ing the statistical validity of our current data analysis. Further appro-
priately designed studies are needed to specifically explore whether
some clinical subgroups might do better after one or other type of
fundoplication.

Recently published meta-analyses comparing posterior partial
(Toupet) with Nissen fundoplication have also concluded that poste-
rior partial fundoplication offers similar reflux control, but with fewer
troublesome postfundoplication side effects compared with the Nis-
sen procedure.4,26 Our study demonstrates that anterior 180◦ partial
fundoplication has the same advantages over Nissen fundoplication.
Two randomized controlled trials of an anterior versus posterior par-
tial fundoplication have been reported, and both suggest better reflux
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control after posterior fundoplication, less side effects after anterior
partial fundoplication, and equivalent overall satisfaction with the
outcome of surgery.19,27 However, as discussed above, Hagedorn et al
evaluated an anterior 120◦ not a 180◦ partial fundoplication.19,24 The
trial reported by Khan et al did evaluate an anterior 180◦ partial fundo-
plication, but only reported 12 months follow-up, and this follow-up
was incomplete, being available for only 57% of the enrolled patients
at this early time point.27 Hence, more trials are needed to address
the relative advantages, if any, of anterior 180◦ versus posterior par-
tial fundoplication for the surgical treatment for gastroesophageal
reflux.

In conclusion, in this comparison of anterior 90◦ and anterior
180◦ versus Nissen fundoplication at 5 years follow-up, anterior 180◦

partial fundoplication achieved the best overall outcome, with equiv-
alent reflux symptom control but less side effects compared with
Nissen fundoplication. Reflux control after anterior 90◦ partial fun-
doplication appears less effective than after Nissen fundoplication,
and overall this suggests that an anterior 180◦ partial fundoplication
is an appropriate operation for the treatment of uncomplicated gas-
troesophageal reflux disease, and in our centers this is now the most
commonly performed antireflux procedure.
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