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Executive summary

Background

In the Health Technology Assessment (HTA)-commissioned REFLUX trial, laparoscopic fundoplication for 
people with chronic symptoms of gastro-oesophageal reflux disease (GORD) was shown to significantly 
improve reflux-specific and general health-related quality of life (HRQoL) at least up to 12 months after 
surgery. However, cost-effectiveness was uncertain without more reliable information about longer-term 
costs and benefits. Here, we report the findings from longer-term follow-up of the REFLUX trial.

Objective

To evaluate, at 5 years after surgery, the clinical effectiveness, cost-effectiveness and safety of a policy of 
relatively early laparoscopic surgery compared with continued medical management among people with 
GORD symptoms that are reasonably controlled by medication and who are judged suitable for both 
surgical and medical management.

Methods

Design
1.	 Long-term follow-up of a pragmatic randomised controlled trial (with parallel non-randomised 

preference groups) comparing a laparoscopic surgery-based policy with a continued medical 
management policy to assess relative clinical effectiveness.

2.	 An economic evaluation of laparoscopic surgery for GORD to compare the cost-effectiveness of the 
two management policies, based on a within-trial (5-year) economic analysis and exploration of the 
need for a longer-term model.

Setting
Participants had originally been recruited in 21 UK hospitals through local partnership between surgeon(s) 
and gastroenterologist(s) who shared the secondary care of patients with GORD. After operation (surgical 
groups) and after optimisation of anti-reflux therapy (medical groups), participants were returned to the 
care of their general practitioners (GPs). Follow-up was by annual postal questionnaire and selective case 
notes review when questionnaires indicated reflux-related health-care events.

Participants
Participants in this study were questionnaire responders among the 810 original participants. At trial 
entry, all had both documented evidence of GORD and symptoms for > 12 months. Annual questionnaire 
response rates (years 1–5) were 89.5%, 77.5%, 76.7%, 69.8% and 68.9%.

Intervention
Of the 810 participants, 357 were recruited to the randomised comparison (178 randomised to surgical 
management and 179 randomised to continued medical management) and 453 to the parallel non-
randomised preference arm (261 surgical management and 192 medical management). The type of 
fundoplication was left to the discretion of the surgeon.
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Main outcome measures
The principal outcome measure was a disease-specific instrument (the REFLUX questionnaire developed 
specifically for this study). Secondary measures were the Short Form questionnaire-36 items (SF-36), the 
European Quality of Life-5 Dimensions (EQ-5D), surgical events including complications, reflux medication 
use, GP visits, hospital outpatient consultations, day and overnight hospital admissions, and their costs.

Results

At entry to the original trial, participants had been taking GORD medication for a median of 32 months 
and had a mean age of 46 years, and 66% were men; the randomised groups had been well balanced. 
Responders at 5 years were older, had been on medication for a shorter time prior to trial entry and 
had higher baseline quality-of-life scores than non-responders; however, the randomised groups of 
responders were similar in baseline characteristics. Primary analyses were based on the ‘intention-to-treat’ 
(ITT) principle, with secondary per-protocol analyses based on those who, at 1 year, had received their 
allocated treatment.

By 5 years, 63% (n = 112) of the 178 randomised surgery participants and 13% (n = 24) of the 179 
randomised medical management participants had actually received fundoplication (equivalent figures in 
the preference groups were 85% and 3%). There had been a mixture of clinical and personal reasons for 
those allocated surgery not receiving it, sometimes related to long waiting times. A total or partial wrap 
procedure had been performed depending on surgeon preference; perioperative complications had been 
uncommon with no deaths associated with surgery.

By the equivalent to 12 months after surgery, 36% in the randomised surgical group (15% among those 
who had surgery) were taking proton pump inhibitor medication compared with 87% in the randomised 
medical group. At 5 years, the equivalent figures were 41% (26%) in those randomised to surgery and 
82% in those randomised to medical management.

At each year, there were significant differences in the REFLUX score (a third of a SD; p < 0.01 at 5 years) 
favouring the randomised surgical group, reflecting differences in general discomfort (particularly), wind 
and frequency, nausea and vomiting, and activity limitation subscores. SF-36 and EQ-5D scores also 
favoured the randomised surgical group, especially SF-36 norm-based general health, but differences 
attenuated over time and were generally not statistically significant at 5 years [EQ-5D difference (ITT) 
0.047, 95% confidence interval (CI) –0.013 to 0.108; p = 0.13]. The lower the REFLUX score and hence 
the worse the symptoms at trial entry, the larger the benefit observed after surgery. Post hoc exploratory 
analyses showed that those randomly allocated to medical management who subsequently had surgery 
had worse symptoms (lower baseline scores) than those who continued on medical management as 
allocated; following surgery, the scores of these patients markedly improved and this explains, at least in 
part, why differences in outcome between the randomised groups became less marked over time.

The preference surgical group also had low REFLUX scores at baseline. These scores improved substantially 
after surgery and at 5 years they were slightly better than those in the preference medical group.

Overall, 4% (n = 16) of the total 364 in the study who had fundoplication had a subsequent reflux-related 
operation, of whom two had a further (i.e. third) operation. Reoperation was most often conversion to 
a different type of wrap or a reconstruction of the same wrap. There were only two cases of reversal of 
the fundoplication and neither was in the randomised comparison. In total, 3% (n = 12) of those who 
had fundoplication required surgical treatment for a complication directly related to the original surgery, 
including oesophageal dilatation (n = 4) and repair of incisional hernia (n = 3). Patterns of ‘difficulty 
swallowing’, flatulence and ‘wanting to vomit but being physically unable to do so’ – all problems that 
have previously been associated with anti-reflux surgery – were similar in the two randomised groups.
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Economic evaluation
Differences in mean costs and mean quality-adjusted life-years (QALYs) at 5 years were used to derive an 
estimate of the cost-effectiveness of laparoscopic fundoplication and continued medical management 
from the perspective of the NHS. Conventional decision rules were used to estimate incremental cost-
effectiveness ratios (ICERs). Sensitivity analysis (including probabilistic sensitivity analysis) was used to 
explore and quantify uncertainty in the cost-effectiveness results.

Health-care resource-use data were collected prospectively as part of the clinical report forms and patient 
questionnaires at each follow-up point. The cost for each individual patient in the trial was calculated 
by multiplying their use of NHS resources by the associated unit costs (from published sources) and 
discounting at an annual rate of 3.5%. For the base-case analysis, total costs constituted the costs of 
surgery, complications due to surgery, reoperations, reflux-related prescribed medication, reflux-related 
visits to and from the GP and reflux-related hospital inpatient, outpatient and day visits. For the sensitivity 
analysis, all GP visits and all hospital admissions were included in the calculation of total costs. Health 
outcomes were expressed in terms of QALYs. HRQoL was assessed at each follow-up point using the 
EQ-5D. Incremental mean QALYs between randomised treatment groups were estimated with and without 
adjustment for baseline utility, using ordinary least squares regression.

The extent of missing data throughout the trial follow-up was significant; for this reason, the base case 
drew on the multiple imputed data set ITT analysis. A separate scenario – the complete-case analysis, in 
which only participants who returned all questionnaires and completed all EQ-5D profiles are included – 
was employed for both ITT and per-protocol analyses. Multiple imputation provides unbiased estimates 
of treatment effect if data are missing at random. Sensitivity analysis was used to test the impact on the 
cost-effectiveness results if data were missing not at random, that is, if patients with worse outcomes or 
greater costs were more likely to have missing data.

The results show that, for the base-case analysis (multiple imputed data set), the participants randomised 
to fundoplication accrued greater costs (incremental mean cost £1518; 95% CI £1006 to £2029) but 
also reported greater overall HRQoL (incremental mean QALYs 0.2160; 95% CI 0.0205 to 0.4115) than 
participants randomised to continued medical management. Laparoscopic fundoplication is a cost-effective 
strategy for GORD patients eligible for the REFLUX trial on the basis of the range of cost-effectiveness 
thresholds used by the National Institute for Health and Care Excellence (NICE) (£20,000–30,000 per 
additional QALY). The results for the complete-case analysis concurred with the multiple imputed data 
set: across analyses adjusted and unadjusted for baseline EQ-5D, ICERs ranged between £5468 and 
£8410, well below the NICE cost-effectiveness thresholds. For both data sets (multiple imputation and 
complete case), the probability of surgery being the more cost-effective intervention was > 0.82 for 
incremental analyses unadjusted for baseline EQ-5D and > 0.93 once incremental QALYs were adjusted for 
baseline EQ-5D.

A sensitivity analysis was carried out comparing the groups according to their ‘per-protocol’ status at 
1 year. A per-protocol analysis compares the efficacy of the treatments received, whereas an ITT analysis 
compares the effectiveness of the strategies as offered to patients. The per-protocol analysis (in complete 
cases) suggested that surgery was more cost-effective than medical management. Other sensitivity analyses 
were carried out using a wider set of resource-use data. The results of the first alternative scenario, using 
the costs of primary care visits for any reason rather than only reflux-related reasons, increased the ICER 
slightly in relation to the base case. Nevertheless, the ICER remains well below conventional thresholds, 
and the probability of surgery being cost-effective was > 0.85 for both adjusted and unadjusted analyses. 
In the second alternative scenario, replacing reflux-related hospital costs by all hospital costs, medical 
management was ‘dominated’ by the surgical policy; the probability of surgery being cost-effective 
was > 0.90.
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The base-case analysis imputes missing data. This assumes that missing data are missing at random, that 
is, their values can be predicted (with uncertainty) from observed data. This assumption is impossible to 
confirm or repute but its effect on the results can be tested in sensitivity analysis. The base-case analysis 
may be biased if the values of a missing variable are different from the observed values (for given values 
of other covariates). Sensitivity analysis using the multiple imputation data set showed that the cost-
effectiveness of surgery was relatively insensitive to any increase in costs: cost-effectiveness changed little 
when costs were increased for patients with missing data in both treatment groups and when costs were 
increased just for patients randomly allocated surgery with missing data. A similar result was observed 
after reducing the total QALYs for all patients with missing data. In contrast, the cost-effectiveness of 
surgery was highly sensitive to the assumption that patients randomly allocated surgery with missing 
data experience lower HRQoL than patients with complete data. A 10% decrease in QALYs for patients 
randomised to surgery with missing data results in the cost-effectiveness increasing above £20,000 per 
QALY gained. This scenario shows that missing data can have an impact on the results. Nevertheless, 
although it is impossible to empirically confirm or refute this scenario from the data in the trial, it would 
seem improbable in practice that surgical patients with poor quality of life are less likely to respond to 
follow-up questionnaires than similar participants undergoing medical management.

Comparison with similar randomised trials
The findings of the REFLUX trial were considered in the context of the three other randomised trials 
that have compared laparoscopic surgery with medical management. In respect of benefits, the trials 
consistently show better relief of GORD symptoms following surgery, with parallel, though less marked, 
improvements in generic HRQoL. The four trials are also consistent in respect of complications of surgery, 
with small numbers having associated visceral injuries, postoperative problems and dilatation of the 
fundoplication wrap. The REFLUX trial suggests that 4.5% have a reoperation and the other trials are 
broadly consistent with this. Difficulty swallowing (dysphagia), flatulence and bloating have been linked 
with fundoplication in the other trials. In contrast, although a small number of REFLUX participants had a 
dilatation of the fundoplication wrap, responses to the questionnaires did not show a difference between 
those randomised to surgery and those randomised to medical management in these respects.

Conclusions

After 5 years’ follow-up, a policy of relatively early laparoscopic fundoplication among patients for whom 
reasonable control of GORD symptoms requires long-term medication and for whom both surgery and 
medical management are suitable continues to provide better relief of GORD symptoms with associated 
better quality of life. Complications of surgery were rare. Despite being initially more costly, a surgical 
policy is likely to be more cost-effective for such patients suffering from GORD who were eligible for the 
REFLUX trial.

Implications for health care
Extending the use of laparoscopic fundoplication to people whose GORD symptoms require long-term 
medication for reasonable control and who would be suitable for surgery would provide health gains 
that extend over a number of years. The longer-term data reported here indicate that this would also be 
a cost-effective use of resources. The more troublesome the symptoms, the greater the potential benefit 
from surgery.

Recommendations for research
Most patients taking anti-reflux medication are managed in general practice. It is uncertain how many 
of these people might be suitable for surgery and hence what the most efficient provision of future 
care might be. Further research to explore the feasibility and resource impact of alternative policies for 
fundoplication within the NHS is therefore recommended.
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Trial registration

This study is registered as ISRCTN15517081.
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