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ORIGINAL RESEARCH

A cost-effectiveness analysis of RefluxStop against relevant therapeutic alternatives 
for chronic gastroesophageal reflux disease in Sweden
Sam Harpera, Muralikrishnan Karthab, Stuart Mealinga and Lars Lundellc,d

aYork Health Economics Consortium, University of York, York, UK; bHealth Economics and Payer Evidence, Implantica, Zug, Switzerland; cDivision of 
Surgery and Oncology, Karolinska Institutet, Stockholm, Sweden; dDepartment of Surgery, Odense University Hospital, Odense, Denmark

ABSTRACT
Introduction: The standard treatment for gastroesophageal reflux disease (GERD) is proton pump 
inhibitors (PPIs). In selected cases, Nissen fundoplication is offered as a surgical treatment option, but 
alternative endoscopic and minimally invasive surgical alternatives are emerging. RefluxStop is a new 
technology for the treatment of GERD.
Research design and methods: A cost-effectiveness analysis of RefluxStop in comparison to PPI 
therapy and Nissen fundoplication in the Swedish healthcare setting was conducted using a Markov 
model and available comprehensive population and clinical trial-based long-term data. Benefits were 
measured in quality-adjusted life-years (QALYs). Uncertainty was determined by deterministic and 
probabilistic sensitivity analyses.
Results: The base case incremental cost-effectiveness ratios (ICERs) for RefluxStop in comparison to PPIs 
and Nissen fundoplications were SEK 48,152 (€ 4,531) and SEK 62,966 (€ 5,925) per QALY gained, 
respectively. At a cost-effectiveness threshold of SEK 500,000 per QALY gained, RefluxStop has a high 
likelihood of being cost-effective, with probabilities of 96% and 100% against Nissen fundoplication and 
PPIs, respectively. The results of the model remained robust with sensitivity analysis.
Conclusions: RefluxStop may offer a highly cost-effective long-term treatment alternative for chronic 
GERD patients over lifelong PPI therapy, but also in comparison with laparoscopic Nissen fundoplication.

PLAIN LANGUAGE SUMMARY
Gastroesophageal reflux disease (GERD) is typically managed by proton pump inhibitor (PPI)-based 
medical management or antireflux surgery (i.e. Nissen fundoplication) in selected cases. However, 
alternative endoscopic and minimally invasive surgical alternatives have emerged. RefluxStop is 
a novel implantable device that aims to treat chronic GERD. We performed a cost-effectiveness analysis 
of RefluxStop from the perspective of the Swedish healthcare system including available treatment 
options in Sweden (i.e. PPI therapy and Nissen fundoplication). Benefits were measured using quality- 
adjusted life-years (QALYs). At the cost-effectiveness threshold of SEK 500,000 per QALY gained for 
Sweden, RefluxStop demonstrated a high likelihood of cost-effectiveness, with probabilities of 96% and 
100% against Nissen fundoplication and PPI therapy, respectively. RefluxStop is likely to be a highly 
cost-effective long-term treatment alternative for chronic GERD patients as compared to lifelong PPI 
therapy and laparoscopic Nissen fundoplication.
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1. Introduction

Gastroesophageal reflux disease (GERD) is a disease defined by 
the reflux of stomach contents into the esophagus or mouth that 
results in troublesome symptoms and significant impairment of 
quality of life (QoL) [1,2]. The prevalence figures of GERD in 
Western societies vary between 7% and 26% [1,3–7] averaging 
around 10% [7]. From a public health perspective, the proportion 
of healthcare resource consumptions, directly and indirectly 
caused by GERD, are substantial [8]. Accordingly, the relative 
benefits and costs of various therapeutic strategies have been 
debated for years [3]. The costs of dyspepsia, peptic ulcer disease, 
and GERD in Sweden approximate $424 million (USD) or $63 
(USD) per person, with direct and indirect costs of $258 million 

(61%) and $166 million (39%), respectively, according to an 
analysis published in 2002 [4]. An optimized patient journey is 
likely to reduce the economic burden of disease and increase 
productivity.

The standard treatment of GERD is proton pump inhibitors 
(PPIs), which in most cases offers normalization of symptoms 
and quality of life [9,10]. However, at least 30% of the chronic 
GERD patients experience insufficient effects of PPI therapy or 
are refractory to this treatment modality [5,6]. In those with 
incomplete response or refractoriness to PPI therapy, as well 
as in those patients who do not wish to receive long-term 
medication, antireflux surgery such as Nissen fundoplication 
should be considered [7].
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The predominant reason for the development of different 
surgical procedures is that the total fundic wrap technique is 
associated with important adverse sequelae [9–12]. Recently, 
a novel implantable device for surgical management of GERD 
has been introduced, called RefluxStop™ (Implantica, Zug, 
Switzerland) [13]. RefluxStop aims to restore the normal anat
omy and position of the lower esophageal sphincter (LES), 
gastroesophageal flap valve, and angle of His with minimal 
postoperative complications (i.e. dysphagia and inability to 
belch or vomit) [13,14].

Since the relative merits of different therapeutic strategies 
for chronic GERD remain debatable, its relative cost- 
effectiveness must be introduced to reach a balanced and 
comprehensive view of the advantages and disadvantages of 
respective therapies [15–17]. Studies have shown that PPI 
therapy is less expensive than surgery in a limited time hor
izon, whereas surgery becomes the most cost-effective option 
after more than 5 years of follow-up [3,18,19]. With the intro
duction of novel therapeutic concepts, it is critical to assess 
the health economic impacts of wider implementation of 
similar devices in the long-term management of chronic 
GERD. The purpose of our analysis was to evaluate the cost- 
effectiveness of RefluxStop in relation to medical management 
with PPI therapy and laparoscopic Nissen fundoplication (LNF) 
for the treatment of GERD in Sweden. The analysis was based 
on data from a population in which prospectively collected, 
high-quality data could be retrieved.

2. Methods

A cost-effectiveness analysis was performed with the objective 
to compare RefluxStop with PPI-based medical management 
and LNF in adult patients with GERD. The economic analysis 
was conducted from the Swedish national healthcare system 
perspective over a lifetime. Only direct medical costs were 
included in the study, without considering societal costs (i.e. 
lost productivity due to absence from work). Quality-adjusted 
life-years (QALYs) were used as a standard measure to quantify 
clinical outcomes. Consistent with recent Swedish economic 
evaluations [20] and the recommendation of the Dental and 
Pharmaceutical Benefits Agency (TLV) [21], all costs and QALYs 
had a 3% per year discount applied. Model parameters 
included a cycle length of 1 month with a half cycle correction 
applied; thus, events that occurred in the model were 
assumed to take place in the middle of each month. Quality 
was ensured by taking into account the good practice guide
lines for decision-analytic modeling in health technology 
assessment [22].

2.1. Model structure

A state transition (Markov) model (Excel 2023, Microsoft 
Corporation) was employed as the analytical framework for 
assessing the cost-effectiveness of RefluxStop, in which sub
jects went through a sequence of mutually exclusive health 
states to reflect possible outcomes of the management 
options evaluated. A recent cost-effectiveness analysis of 
RefluxStop in the United Kingdom was adapted to Swedish 
settings for the purpose of this study, consistent with model 

structures in published assessments of cost-effectiveness of 
management options for reflux disease [18,19,3,24,25]. 
Medical (Figure 1(a)) and surgical (Figure 1(b)) treatment 
options had different structures in the model as a reflection 
of the difference in nature of these management approaches. 
High-dose medical management, PPI irresponsiveness, initial 
surgery and reoperations, sequelae such as Barrett’s esopha
gus and esophageal cancer, and mortality were considered in 
the health states of both cases. Adverse events (AEs) related to 
medical and surgical therapy were also included in the model 
structure.

Subjects in the medical management arm (Figure 1(a)) 
were presumed to receive PPI therapy at a standard-dose as 
a first-line option (i.e. ‘Medical management well’ state). The 
risk of GERD symptom relapse or incomplete response was 
applied each month. In cases of incomplete symptom control, 
patients received twice the dose of PPIs (i.e. ‘Medical manage
ment relapse’ state) with subsequent options of either return
ing to standard-dose PPIs (i.e. ‘Medical management well’ 
state) or undergo antireflux surgery. The surgical treatment 
arm was restricted to LNF in our analysis, consistent with 
several international practice guidelines, including the NICE 
recommendations for GERD standard of care [7]. As magnetic 
sphincter augmentation (MSA) is not an approved option in 
Sweden, it was not included in the model. Health states after 
surgery were described as successful (i.e. ‘Surgery well’) or 
unsuccessful (i.e. ‘Surgery fail’) outcomes. Those with unsuc
cessful surgery would require reoperation (i.e. Surgery re-op’) 
or receive twice the dose of PPIs (i.e. ‘Medical management 
high dose’) with the assumption that double-dose PPIs were 
continued for the remainder of the patient’s life. Similarly, 
patients with failed reoperation went on to receive lifelong 
double-dose PPI therapy. All subjects entered the model at 
initial operation for the surgical arms. Pertaining to reopera
tions, those requiring reoperation received the same type of 
procedure as the initial operation, and those with reoperation 
failure would receive standard-dose PPI therapy. The risk of 
Barrett’s esophagus was applicable to all subjects notwith
standing intervention, from which a small proportion (0.06% 
per month) was assumed to experience progression to eso
phageal carcinoma. Furthermore, mortality for the Swedish 
general population and mortality-associated specific health 
states were included from the following sources. Clinical effi
cacy data were obtained from publications in the literature, 
nationwide complete Swedish registries [26,27] retrieved from 
the Swedish Patient Registry, the Causes of Death Registry, 
and the Prescribed Drug Registry, as well as from randomized 
controlled clinical outcome studies with long-term follow-up. 
To address the actual outcome of antireflux surgery in the 
country under investigation, we pooled data from several 
randomized controlled trials (RCTs) with long-term follow-up 
(i.e. ≥10 years) [28–33].

2.2. Model inputs

2.2.1. Clinical and quality of life inputs
One thousand patients with a starting age of 52 years were 
followed in a hypothetical cohort, of which 44% were female. 
This was used to provide consistency with the RefluxStop CE 
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Figure 1. Model structure applied to medical management (panel a) and surgical treatment options (panel b).
C.Diff, Clostridium difficile; CKD, chronic kidney disease; PPI, proton pump inhibitor; reop, reoperation. 
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mark trial [13]. Similarly, these patient attributes broadly apply 
to other larger studies of GERD treatments, such as the UK 
REFLUX trial [34], the recent US trial comparing treatment 
options (i.e. medical and surgical) for refractory GERD [6] and 
the LOTUS trial which recruited Swedish patients [35]. The 
clinical parameters in the Swedish cost-effectiveness model 
used a systematic review of RCTs [27] that included Swedish 
RCTs. For scenario analysis, we exclusively used the pooled 
data extracted from Sweden-specific publications. Pooled esti
mates from the Swedish studies in the systematic review of 
the long-term outcomes of LNF [28–33] were also used to 
conduct the analysis. All estimates utilized in the base case 
model are displayed in Table 1 and Supplementary files (i.e. 
scenario estimates). Clinical and quality-of-life inputs included 
in the model are summarized here.

The efficacy and safety inputs for RefluxStop that informs 
the analysis were obtained from the CE mark trial [13], with 
addition of 3-year data yet-to-be published [36]. Recently 
available publications were sourced for pertinent data related 
to medical management and LNF. The probability of treatment 
failure (i.e. in the surgery arms) per month was divided into 
two periods (i.e. up to 1-year postoperatively and >1 year 
postoperatively) to reflect the reporting styles in studies for 
each intervention.

Cost-effectiveness analyses consider the lifetime journey of 
patients and important clinical events are required for analysis 
inclusion in a similar manner for all comparative treatment 
arms. Regardless of whether initial surgery or reoperation, 
intraoperative complications and postoperative AEs were 
included in the model, with a recent review on LNF outcomes 
used to delineate events to be considered [27]. Medical man
agement states incurred the risk of AEs related to long-term 
PPI therapy, such as Clostridium difficile (C.Diff) infection [54], 
osteoporotic fracture [55], gastric cancer [56], community- 
acquired pneumonia [57], chronic kidney disease (CKD) [58], 
and cardiovascular (CV) events [59]. Pneumonia, gastric cancer, 
and C.Diff infection were modeled as one-off events, while 
CKD and CV events were modeled using the proportion in 
state method (i.e. assumption that at any given time, 
a proportion of patients in medical management states experi
enced CKD or CV events). The rate of mortality from CV and 
CKD events was assumed to be identical to the rate at which 
PPI users experienced these complications. Such rates were 
included for comparative arms based on the proportion of 
patients receiving PPI therapy consistent with individual 
patient journey pathways.

Long-term sequelae of GERD include Barrett’s esophagus 
and cancer of the esophagus [60]. The probability of Barrett’s 
esophagus development on a monthly basis has been esti
mated at 0.083% based on the data used to develop the UK- 
NICE recommendations for dyspepsia and GERD [23], which 
was applied to all treatment arms of our model. Furthermore, 
the monthly risk of progression to esophageal carcinoma from 
a systematic review and meta-analysis was 0.06% [61].

The analysis included excess mortality associated with sur
gery, esophageal carcinoma, and AEs associated with chronic 
PPI use in addition to mortality in the general population, 
which defined the mortality for each arm. A very small risk 

of intraoperative mortality (0.05%) was applied to initial pro
cedures for all surgical arms, which doubled in cases of reo
peration. A monthly mortality risk of 3.4 was assumed for 
patients developing esophageal carcinoma [24]. A relative 
mortality risk of 1.57 was applied to reflect the elevated risk 
of mortality associated with AEs of chronic PPI therapy in 
medical management states, regardless of arm, as described 
in a recent systematic review [38]. Thus, no treatment arm was 
favored for mortality estimation in the analysis.

Utility decrements were used to describe health-related 
quality of life (HRQoL) decline due to transient AEs during 
the treatment course. The proportion of patients with refrac
tory dysphagia, a possible AE of relevant procedures, was used 
as the basis for utility decrements of successful surgery. 
A utility decrement value of 0.24 was applicable for 1 month 
after all initial procedures and reoperations. This value was 
extrapolated from laparoscopic cholecystectomy due to 
a similar approach and quality-of-life impact [18]. Utility decre
ments for those receiving PPI therapy were based on a cost- 
effectiveness analysis of PPIs and LNFs obtained from the 
REFLUX trial [18,34]. This trial provided another analysis 
informing the utility decrement related to unsuccessful LNF, 
also applied to RefluxStop in our study [34]. Furthermore, 
those suffering from Barrett’s esophagus and esophageal car
cinoma were applicable to pertinent utility decrements 
obtained from population norms in Sweden [50]. Table 1 lists 
all HRQoL inputs for the model.

2.2.2. Cost inputs
Relevant costs were obtained from the Swedish Nord DRG and 
the published literature whenever possible [62,63]. Cost values 
were inflated using a web-based tool for cost conversion in 
cases of data obtained from older literature sources [64]. 
Table 2 summarizes key cost inputs informing the model.

The costs of PPI medications (i.e. omeprazole, lansoprazole, 
pantoprazole, rabeprazole, and esomeprazole) and antireflux 
procedures were considered in the model. The cost of surgery 
involved procedural costs, but for RefluxStop, additional costs 
for the device itself and training were incurred. As LNF and 
RefluxStop utilize similar steps for access and tool insertion, 
the procedural costs of LNF were assumed for both options.

Initial diagnostic and treatment costs were applied for 
those suffering from Barrett’s esophagus, along with 
a monthly treatment cost consistent with patient journeys 
described in a cost-effectiveness evaluation of endoscopic 
treatment for Barrett’s esophagus [53]. For these patients, 
diagnostic endoscopy was assumed for all and those with 
dysplasia (16.6%) would be managed with endoscopic muco
sal ablation or radiofrequency ablation followed by PPI ther
apy and endoscopic monitoring every 2 years [53]. In the 
absence of any specific Swedish recommendations, progres
sion of Barrett’s esophagus to esophageal carcinoma incurred 
costs as per the pathway outlined by the NICE recommenda
tions for dyspepsia and GERD [23], including diagnostic testing 
and management costs (i.e. upper endoscopy, general practi
tioner visits, esophagectomy, and chemotherapy), the cost of 
PPI therapy monthly, and the terminal care cost for relevant 
cases.

356 S. HARPER ET AL.



Table 1. Clinical and quality of life inputs used in the model.

Parameter Input Source

Relapse of GERD symptoms with 
medical management

2.65% Bojke 2007 [18]

Reoperation following unsuccessful 
surgery

10.3%

Surgery following a relapse of 
medical management

10.3% Assumed to be the same as the probability in a case of reoperation

Probability of surgical failure up to 1-year post-surgery
LNF 1.8% Zehetner et al. Literature review and analysis: LNF [27]
RefluxStop 0.3% Implantica data on file. RefluxStop CE mark study 3-year outcomes [36]

Probability of surgical failure ≥ 1-year post-surgery
LNF 1.8% Zehetner et al. Literature review and analysis: LNF [27]
RefluxStop 0.1% Implantica data on file. RefluxStop CE mark study 3-year outcomes [36]

Probability of surgical failure for reoperation or second-line treatment
LNF 0.31% Calculated based on treatment failure rates up to 1 year and post 1 year provided above.
RefluxStop 0.17% Calculated based on treatment failure rates up to 1 year and post 1 year provided above.

Monthly probability of Barrett’s esophagus
All treatment arms 0.083% NICE model developed to support clinical guidance development in dyspepsia and GERD [23]

Risk of adverse effects of PPIs
CV events (MI or stroke) 0.01% Calculated based on WHO CVD risk chart working group [37] and Shiraev 2018 [38]
CKD 0.01% Calculated based on Collins 2012 [39] and Hussain 2019 [40]
Fracture 0.02% Calculated based on Kanis 2008 [41] and Zhou 2016 [42]
Pneumonia 0.08% Calculated based on Sun 2019 [43] and Lambert 2015 [44]
Clostridium difficile 0.001% Calculated based on Clostridium difficile infection: mandatory surveillance 2017/18 report [45] and 

Janarthanan 2012 [46]
Stomach cancer 0.002% Brusselaers 2017 [47]

Intraoperative adverse events related to surgery
Conversion to open surgery RefluxStop: 

2.1% 
LNF: 1.7%

Implantica data on file 
Zehetner et al. Literature review and analysis: LNF [27]

Splenic injury RefluxStop: 
0.0% 

LNF: 0.9%
Gastroesophageal injury RefluxStop: 

0.0% 
LNF: 1.0%

Liver injury RefluxStop: 
0.0% 

LNF: 1.4%
Post-operative adverse events related to surgery

Endoscopic esophageal dilation RefluxStop: 
0.0% 

LNF: 0.3%

Implantica data on file 
Skubleny et al [48]

Major complications requiring 
additional surgery

RefluxStop: 
0.0% 

LNF: 1.4%

Bjelovic et al [13] 
NICE Interventional Procedures Guidance on

Endoscopic device removal RefluxStop: 
0.0% 

LNF: N/A

Implantica data on file 
Alicuben et al [49]

Utility decrement: Stable medical 
management

0.12 Based on Bojke 2007 [18] Swedish population norms [50]

Utility decrement: Medical 
management of GERD relapse

0.28 Bojke 2007 [18]

Utility decrement: Medical 
management high dose

0.12 Assumed equal to stable medical management

Post-surgery utility decrements (applied for 1 month)
RefluxStop 0.24 Based on Bojke et al. [18] and originally sourced from Ainslie et al 2003 [51] using EQ-5D data
LNF 0.24

Utility decrements applied ≥1 month following successful surgery in the ‘Surgery well’ state
RefluxStop 0.00 Calculated based on utility decrement for dysphagia from Bouvy 2013 [52] and the proportion reporting 

dysphagia at 3 years from the RefluxStop CE mark study (Implantica data on file) [36]
LNF 0.01 Calculated based on utility decrement for dysphagia from Bouvy 2013 [52] and the proportion reporting 

dysphagia at 5 years from Zehetner et al [27]
Unsuccessful surgery utility decrements

RefluxStop 0.16 Assumed equal to LNF
LNF 0.16 Based on Grant 2008 EQ-5D data [34] and Swedish population norms [50]

Utility decrements associated with Barrett’s esophagus and esophageal cancer
Barrett’s esophagus 0.10 Polit 2019 [53]
Esophageal cancer 0.44 NICE model developed to support clinical guidance development in dyspepsia and GERD [23]

Abbreviations: C. Diff, Clostridium difficile; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; EQ-5D, EuroQoL 5D; GERD, gastro-esophageal 
reflux disease; LNF, laparoscopic Nissen fundoplication; MI, myocardial infarction; NICE, National Institute for Health and Care Excellence; PPI, proton pump 
inhibitor; SSED, Summary of Safety and Effectiveness Data; WHO, World Health Organization. 
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Monthly costs were applied to patients developing PPI- 
associated AEs, CKD, and CV events. One-off costs attributable 
to PPI-related AEs included osteoporotic fractures, C.Diff infec
tion, and pneumonia. Furthermore, lifetime costs of supportive 
care and chemotherapy were included for patients with gas
tric malignancy.

Surgery-related AEs incurred costs of conversion to open 
surgery, major surgical complications, device removal, and 
esophageal dilation. Injuries occurring intraoperatively (i.e. 
splenic, liver, or gastroesophageal) were presumed embedded 
in the those of the procedure itself.

2.3. Economic analysis

Estimates pertaining to per patient QALYs, total costs, life- 
years (LYs), and life expectancy were generated for each 
model arm. Furthermore, incremental differences were 
generated between each treatment arm. The following 
measures were utilized to compare treatment arms: 1) 
incremental cost-effectiveness ratio (ICER), representing 
the cost per QALY gained; 2) incremental net health ben
efit (NHB), calculated as incremental gain in QALYs – 
(incremental cost/opportunity cost threshold), representing 
the impact of introducing a new intervention on popula
tion health (i.e. NHB assumes that ‘lost health’ is estimated 
as an ‘opportunity cost’ as an indicator of health that is 

foregone elsewhere, due to funding allocation for a new 
intervention); and 3) incremental net monetary benefit 
(NMB), calculated as incremental QALYs by the threshold – 
(incremental cost), representing the value of an interven
tion in monetary terms when the threshold for willingness 
to pay for a benefit unit (e.g. health outcome or QALY) is 
known. No specific cost-effectiveness threshold is officially 
established in Sweden, but as a reference, the Swedish 
National Board of Health and Welfare considers a cost 
per QALY gained between SEK 100,000 and SEK 500,000 
as moderate [20,65]. Calculations for NMB and NHB were 
performed using a Swedish cost-effectiveness threshold of 
SEK 500,000. Positive values for NMB and NHB indicated 
that a management option would provide benefits for the 
healthcare system at the applied cost-effectiveness thresh
old value. Greater benefits were indicated by larger mag
nitudes in the NMB and NHB values.

The base case analysis described above was supplemented 
by deterministic sensitivity analyses. Their purpose was to 
evaluate the inherent uncertainty related to analytical results. 
Individual model inputs were varied one at a time in determi
nistic sensitivity analyses, and effects on analysis results were 
documented to identify inputs that were most influential. 
Confidence intervals (CIs) were the foundation for the varia
tion of individual inputs, and in cases where CIs were not 
available, assumptions were made. The analysis inputs that 
were pertinent to uncertainty were simultaneously sampled 

Table 2. Key cost inputs applied in the model.

Parameter Input Source

Medical and surgical treatment costs
Monthly cost of PPI medication (standard dose) SEK 223.90 Swedish pharmaceutical costs (Apoteket) www.apoteket.se
Monthly cost of PPI medication (high dose) SEK 228.89 Swedish pharmaceutical costs (Apoteket) www.apoteket.se
Procedure cost – all surgical treatments SEK 96,336 Base rate SEK 67,938 multiplied by cost weight 1.418 (F12E) from NordDRG [63]
Device – RefluxStop SEK 59,000 Implantica data on file
Training – RefluxStop SEK 340.11 Calculated based on Chaudhary et al 2021 [76] and Palser 2018 [77]

Barrett’s esophagus
Diagnostic endoscopy SEK 6,250.30 Base rate SEK 67,938 multiplied by cost weight 0.092 (F72O) from NordDRG [63]
Treatment (endoscopic mucosal resection (EMR) and 

radiofrequency ablation (RFA))
SEK 19,165.25 Calculated based on Pollit 2019 [53] and Base rate SEK 67,938 multiplied by cost weight 

0.139 (EMR F67O) and 0.33 (RFA)* from NordDRG [63]
Monthly monitoring cost SEK 499.33 Calculated based on the NICE model developed to support clinical guidance development 

in dyspepsia and GERD [23] and Base rate SEK 67,938 multiplied by cost weight 0.139 
(F67O) from NordDRG [63]

Esophageal cancer
Initial diagnostic and treatment SEK 236,365.50 Calculated based on the NICE model developed to support clinical guidance development 

in dyspepsia and GERD [23], Base rate SEK 67,938 multiplied by cost weight 3.363 
(F11E) from NordDRG [63] and Wolff et al 2020 [78]

Palliative care SEK 81,583.78 Chaudhary et al 2021 [76]
Adverse events associated with PPIs

CKD monthly cost (including costs of treatment, 
hospitalization, and end-stage renal disease)

SEK 9,996.20 Calculated based on Kerr 2012 [79], Gandjour 2002 [80], Eriksson et al 2017 [81], Kim et al 
2022 [82], and Kidneyfailurerisk.com [83]

Monthly cost of CV events (MI or stroke) SEK 5,001.20 Kim et al 2022 [82]
Fracture (event cost) SEK 107,857.50 Borgström et al 2006 [84]
Pneumonia (event cost) SEK 13,334.74 Calculated based on Wolff et al 2020 [78], Lambert 2015 [44], NICE quality standard for 

pneumonia in adults [85],
C.Diff infection (event cost) SEK 24,920.10 Calculated based on Nordling et al 2014 [86], the Clostridium difficile infection: mandatory 

surveillance 2017/18 report [45], and costs of antibiotics as provided in www.apoteket. 
se

Stomach cancer (lifetime cost) SEK 110,891.43 NICE technology appraisal of ramucirumab (TA378) [87]
Adverse events associated with surgery

Conversion to open surgery SEK 30,620.73 Laudicella 2016 [88]
Esophageal dilation SEK 9,443.38 Base rate SEK 67,938 multiplied by cost weight 0.139 (F67O) from NordDRG [63]
Additional surgery for major complications SEK 96,336 Assumed to be the same cost as the initial procedure.
Device removal SEK 96,336 Assumed to be the same cost as the initial procedure.

Abbreviations: C.Diff, Clostridium difficile; CKD, chronic kidney disease; CV, cardiovascular; GERD, gastro-esophageal reflux disease; MI, myocardial infarction; NICE, 
National Institute for Health and Care Excellence; PPI, proton pump inhibitor. 

*DRG cost weight for RFA not available in Sweden; assumed similar to Norwegian DRG cost weight. 
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from distributions of plausibility and the model was executed 
for over 1,000 iterations in probabilistic sensitivity analyses, 
with every iteration using a different set of inputs. Reported 
CIs were used wherever possible to derive the standard errors 
for generation of probabilistic values. The standard error was 
assumed to be equal to 10% of the mean value when 
unavailable.

Additional analysis was pursued to determine whether 
uncertainties regarding variably reported risks of PPI-related 
AEs, progression to Barrett’s esophagus, and further progres
sion to esophageal adenocarcinoma affected the findings of 
our analysis. The three scenarios explored were: 1) no risk of 
PPI-associated AEs in all comparison arms; 2) no risk of pro
gression to Barrett’s esophagus in all comparison arms; and 3) 
no risk of progression of Barrett’s esophagus to esophageal 
adenocarcinoma in all comparator arms.

3. Results

3.1. Base case results

In terms of surgical outcomes, RefluxStop compared favorably 
against LNF for number of surgeries, surgical failures, and endo
scopic dilations (Table 3). Our model estimated a higher life 
expectancy in the RefluxStop arm compared to all comparator 
arms, with differences of 0.91 to 1.82 years in favor of RefluxStop 
(Table 3). In the RefluxStop arm, patients accrued between 0.68 
and 1.80 more QALYs than patients in the LNF and PPI-based 
medical management arms, respectively (Table 4).

At the Swedish cost-effectiveness threshold of SEK 
500,000 per QALY gained, RefluxStop demonstrated cost- 
effectiveness against PPI-based management and Nissen fun
doplication. LNF was effective against medical management 
(Table 4). The ICER value for RefluxStop was SEK 48,152 (€ 

4,531) per QALY gained against PPI-based medical manage
ment and SEK 62,966 (€ 5,925) per QALY gained against LNF. 
The ICER value for LNF against medical management was SEK 
39,429 (€3,710) per QALY gained. The NHB and NMB values of 
RefluxStop against all assessed comparators were positive.

Somewhat offsetting the costs of RefluxStop, PPI therapy 
offers lower costs (savings of SEK 29,017.65 and SEK 
8,172.59 vs. medical management and LNF, respectively) 
and costs for treatment of PPI-related events (i.e. savings 
of SEK 4,421.55 and SEK 1,216.08 vs. medical management 
and LNF, respectively). In comparison to LNF, RefluxStop 
provided per-patient lifetime savings for surgical outcomes 
and complications (i.e. savings of SEK 1,347.87 for events 
occurring intraoperatively and complications necessitating 
surgery and SEK 5,296 for endoscopic dilation).

3.2. Sensitivity analyses

Surgical failure with RefluxStop and the probability of surgery 
following medical relapse were the most influential model 
inputs in deterministic sensitivity analyses (Suplementary 
Figure S1). Results were resistant to variation of isolated 
input parameters. With individual variation, no parameters 
(with the exception of the monthly surgical failure rate with 
RefluxStop as compared with LNF) altered the direction of 
results. Exploration of different estimates of cost and risk of 
AEs did not significantly affect the long-term cost- 
effectiveness.

RefluxStop had a high probability of being cost-effective in 
probabilistic analyses at a Swedish cost-effectiveness thresh
old of SEK 500,000, with probabilities of 100% and 96% 
against PPI-based medical management and Nissen fundopli
cation, respectively. Iterations of probabilistic sensitivity 

Table 3. Clinical outcome estimates in the base-case analysis (per 1,000 patients unless otherwise stated).

Clinical outcomes (per patient) RefluxStop Medical management Incremental vs Medical management LNF Incremental vs LNF

Number of people developing BE 0.26 0.25 0.01 0.26 0.01
Number of people developing esophageal cancer 0.03 0.03 0.00 0.03 0.00
Number of surgeries 1.03 0.53 0.49 1.05 −0.02
Number of surgical failures 0.26 0.25 0.01 0.51 −0.25
Number of endoscopic dilations 0.00 0.30 −0.30 0.85 −0.85
Number of device removals 0.00 0.00 0.00 0.00 0.00
Average life expectancy, years (per patient) 35.73 33.91 1.82 34.82 0.91

BE, Barrett’s esophagus; LNF, laparoscopic Nissen fundoplication. 

Table 4. Cost-effectiveness outcomes estimated in the base case analysis, per patient.

Summary results RefluxStop
Medical 

management
Incremental RS vs 

MM
Nissen 

fundoplication
Incremental RS vs 

LNF
Incremental LNF vs 

MM

Cost per patient SEK 
187,782

SEK 101,098 SEK 86,684 SEK 145,259 SEK 42,523 SEK 44,161

QALYs per patient 15.20 13.40 1.80 14.52 0.68 1.12
Life years per patient 

(undiscounted)
30.80 29.39 1.41 30.20 0.61 0.81

Life years per patient (discounted) 19.63 18.99 0.64 19.38 0.25 0.39
Incremental cost-effectiveness ratio (ICER) SEK 48,152 

(€ 4,531)*
SEK 62,966 
(€ 5,925)*

SEK 39,429 
(€ 3,710)*

Net monetary benefit (NMB) SEK 813,432 
(€ 76544)*

SEK 295,144 
(€ 27773)*

SEK 515,839 
(€ 48540)*

Net health benefit (NHB) 1.63 0.59 1.03

ICER, incremental cost-effectiveness ratio; LNF, laparoscopic Nissen fundoplication; MM, medical management; NHB, net health benefit; NMB, net monetary benefit; 
QALY, quality-adjusted life-year; RS, RefluxStop. 

*Conversion rate (2022) Swedish Krona to Euros (0.0941). 
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analysis were mostly found below the threshold of cost- 
effectiveness (Figure 2(b)). In comparison to PPI-based medical 
management and LNF, the average ICERs obtained from 1,000 
iterations of probabilistic analyses were SEK 51,052.52 per 
QALY gained and SEK 69,853.12 per QALY gained, respectively. 
Thus, they were like the base case ICERs against each of the 
comparators.

3.3. Scenario analysis

We completed the analysis by introducing the following sce
narios: 1) no PPI-induced AEs for all comparison arms; 2) no risk 
of Barrett’s esophagus for all comparison arms; 3) no risk of 
esophageal adenocarcinoma in all comparison arms; and 4) no 
risk of intraoperative events in all comparison arms. As seen in 
Table A1 (see Supplementary Appendix), none of these scenar
ios exhibited significant impact on cost-effectiveness. Also seen 
in this table, when exclusively utilizing Swedish RCT-based data, 
there was a significant impact on the cost-effectiveness ratio 
compared to LNF, but significantly below the Swedish cost- 
effectiveness threshold of SEK 500,000.

4. Discussion

In the present study, RefluxStop was found to exert a positive 
impact on life expectancy that continued when quality of life was 
considered, as expressed by incremental differences in QALYs 
and LYs in comparison to the other assessed management stra
tegies (i.e. lifelong PPI therapy and LNF). Our model demon
strated that RefluxStop was a cost-effective treatment 
alternative for chronic GERD when compared to the currently 
available management options. The base case ICER estimates 
were all significantly below the Swedish cost-effectiveness 
threshold of SEK 500,000 per QALY gained, as specified by 
Swedish authorities. This analysis is particularly helpful for health 
technology assessment bodies in Sweden like Tandvårds- och 
Läkemedelsförmånsverket (TLV), as standard cost-effectiveness 
methods using QALYs are considered for pricing and 

reimbursement of health technologies [66]. These estimates 
were robust, as suggested by sensitivity and scenario analyses, 
and were not subjected to variation of model inputs. In fact, the 
ICER and probabilistic sensitivity analysis showed comfortable 
cost-effectiveness at the more stringent threshold of SEK 100,000 
[65]. Ultimately, these estimates suggest that RefluxStop offers 
a cost-effective technology in which the additional upfront cost 
carried by the insertion of the device is balanced by its long-term 
health benefits.

The results of our study expand on the literature already 
exploring the cost-effectiveness of various management strate
gies for GERD. Although there are some conflicting data, there is 
a slight skew in favor of antireflux procedures as compared with 
medical therapy in GERD management [3]. Using a Markov 
model to assess the cost utility of long-term PPI treatment versus 
laparoscopic fundoplication, PPI therapy was estimated to be 
less expensive within the 5-year time horizon, whereas others 
claim cost saving between the two strategies after about 10  
years [15–17]. Other studies, applying modeling and/or retro
spective methodological approaches, have favored surgical 
treatment reaching a cost saving point after a shorter time of 
comparison [3,15–19]. Accordingly, most studies (even prospec
tive controlled studies) comparing the cost-effectiveness of mod
ern therapies for GERD have concluded that surgery is the most 
cost-effective approach in the long-term perspective; these con
clusions are also confirmed by our present results.

A potential weakness of the study, as well as with most pre
vious modeling and/or retrospective studies, is the focus on direct 
medical costs. The relative costs of operation and medication have 
a paramount impact on the outcome. In this approach, other cost 
items (i.e. indirect costs) are marginalized. Ignoring the loss of 
productivity due to absence from work may give rise to 
a considerable underestimation of the cost burden for society 
[3,67]. On the other hand, remarkably small differences emerge 
between surgical and medical management strategies for GERD 
with a longer time perspective [35]. In this context, it needs to be 
pointed out that chronic GERD may be associated with significant 
health burdens for society in terms of absence from work due to 

Figure 2. Results of the probabilistic sensitivity analyses of RefluxStop against the two comparators presented as cost-effectiveness acceptability curves (panel A) 
and as a cost-effectiveness plane showing the spread of the individual iterations (panel B). The black line in panel B indicates the Swedish cost-effectiveness 
threshold of SEK 500,000 per QALY. The points lying to the right of this line indicate iterations in which RefluxStop was cost-effective vs. the assessed comparator 
(marked by the color of the individual points) and the points lying to the left of the black line indicate those iterations in which RefluxStop was not cost-effective.
QALY, quality-adjusted life year. 
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illness, sleep disturbances, and other disease-specific AEs, which 
hitherto have been incompletely elucidated [68]. Another consid
eration is that comparison between the costs of medical and 
surgical treatments for GERD will, by necessity, vary from one 
country to another and likely from one time to another [3]. 
Observations lend support to the hypothesis that the costs of 
medical treatment are relatively constant over time whereas 
those of surgical treatment are associated with an enormous initial 
investment followed by low annual costs, eventually resulting in 
surgical treatment becoming less expensive over time provided 
that the cost of medication does not dramatically change 
[18,19,69]. Another dimension that should be considered is related 
to the costs associated with the actual operation and its profound 
impact on the subsequent direct medical costs in totality. About 
40% and 70% of the total hospital costs for open and laparoscopic 
treatment, respectively, are caused by expenses related to the 
operative procedure and what happens within the operating 
theater [67]. For instance, the disposable materials used for laparo
scopic fundoplication could entirely explain the differences in cost 
between open and minimally invasive procedures. Since the cur
rent use of disposable material for any surgical or endoscopic 
procedure in chronic GERD treatment remains the standard of 
care, the additional costs of a device such as RefluxStop should not 
be looked upon as a significant obstacle for its future clinical 
implementation.

Although evidence shows the benefit of RefluxStop from 
the Swedish payer’s perspective, disseminating surgical inno
vation may be difficult in praxis, requiring additional strides 
beyond evidence presentation. To the best of our knowledge, 
a protocol for the adoption of surgical innovation similar to 
that developed by the Royal College of Surgeons does not 
exist in many other countries [70]. Surgeon training is also 
paramount to the adoption of novel surgical interventions 
that rely on diligent execution for their benefit to be widely 
observed [70]. RefluxStop surgery is subject to specific training 
factors, such as appropriate placement of the device anatomi
cally and adherence of the esophagus to the fundus in the 
creation of the device platform [13]. These critical steps are 
important for ensuring the effectiveness of the intervention.

The results of our analysis indicate that broader use of 
RefluxStop is likely to provide benefits for those in Sweden 
suffering from GERD. The explanation for the apparent advan
tage of RefluxStop over LNF in health economic terms needs to 
be considered. In patients with GERD undergoing an antireflux 
procedure, side effects do often occur at varying degrees, parti
cularly so when a total fundoplication is created. These side 
effects include dysphagia, inability to belch or vomit, postpran
dial fullness, bloating, pain, and socially embarrassing flatus [9– 
12,28,71,72]. Previous studies have shown that a total wrap is 
more frequently followed by mechanical side effects than 
a partial anterior or posterior wrap; it is likely that RefluxStop 
can accordingly minimize these side effects associated with LNF. 
By utilizing this approach, these differences also disseminate 
through the assessment of HRQoL to provide clinical benefit 
[73]. Possible mechanisms for these differences include distinct 
effects by respective procedures on important reflux-preventing 
mechanisms, such as LES tone, ability of the LES to relax in 
response to proper stimuli, and the frequency of transient LES 

relaxations [74]. It seems, therefore, that a total fundoplication 
might in fact ‘overcorrect’ the mechanical deficiencies of the 
gastroesophageal junction in patients with GERD, eliciting 
a super competent cardia [75]. Regarding the potentially advan
tageous effects of RefluxStop, the standardization and simplifica
tion of this surgical intervention (causing potentially fewer 
intraoperative events) may well have a bearing on the ensuing 
health economic variables presently assessed.

Accuracy is a problem in many health economic assessments, 
especially since charges and diagnosis-related group (DRG) esti
mates are often mere approximations of the true cost and cannot 
be regarded as an entirely valid representation of reality. The 
profound effect of the cost of surgery on direct medical costs has 
the implication that if a computer- or office-based model is used 
to assess costs, detailed knowledge of the real costs of surgery is 
required. Most hospitals can provide this type of information. 
However, the computer-based approach in assessing the costs of 
surgery for GERD has some obvious limitations. Accuracy is 
a problem in many health economic assessments, especially 
since charges and DRG estimates are often mere approximations 
of the true cost. However, DRGs were originally developed as 
a tool to classify and standardize hospital cases into groups that 
are clinically coherent and homogenous in terms of the 
resources they consume. This classification system allows for 
a systematic way to compare hospital services and expenditures 
across different patients, also taking clinical realities and cost 
variations into account. The uncertainties in using these esti
mates are assessed through our sensitivity analyses.

Another factor which was effectively controlled for in the 
present study was the outcome of antireflux surgery both on 
a nationwide level and in the context of the quality of surgery. 
In the surgical management of GERD, the volume–quality 
relationship is well-documented, and our model incorporated 
the highly relevant outcomes of LNF when carried out in high- 
volume expert centers. When the pooled outcome analyses 
were accordingly adjusted for, the final outcomes were only 
marginally affected without clinical significance. An additional 
strength of our study was the derivation of RefluxStop data 
from the recently collected 3-year data of the CE mark trial [36] 
in addition to the previously published 1-year results [13]. 
However, these data should be interpreted with some caution 
as the corresponding datasets are continuously expanding. 
Data on safety and efficacy for comparator arms were derived 
from the literature, somewhat based on heterogeneous popu
lations and outcome measures when juxtaposed with the 
RefluxStop CE mark trial (e.g. surgical failure definitions). 
Thus, the results of our analysis represent a naïve comparison, 
subject to consideration when interpreting the data. This is 
a source of uncertainty related to the model results, which 
were largely balanced by the robustness of model estimates 
(i.e. variation of inputs in sensitivity analyses) in the case of our 
analysis. Further analyses were pursued to elucidate whether 
uncertainties pertaining to the variably reported risks of PPI- 
associated AEs, progression to Barrett’s esophagus, and further 
progression to esophageal adenocarcinoma affected the 
results of the cost-effectiveness analysis. Three scenarios 
were explored with zero risk: 1) no risk of PPI-associated AEs 
in all comparison arms; 2) no risk of progression to Barrett’s 
esophagus in all comparison arms; and 3) no risk of 
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progression from Barrett’s esophagus to esophageal adeno
carcinoma in all comparison arms. In all scenarios, a marginal 
difference in ICER values was observed that remained signifi
cantly below the Swedish cost-effectiveness threshold. 
Currently, the RCT of RefluxStop against the surgical standard 
of care (i.e. LNF) will soon be launched to provide additional 
data regarding the role of this device as a long-term treatment 
for GERD patients.

5. Conclusion

According to our results, RefluxStop offers a highly cost- 
effective long-term treatment alternative for chronic GERD 
patients over lifelong PPI therapy, but also when compared 
to LNF, in the Swedish healthcare setting.
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