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Abstract
Persistent symptoms despite adequate Proton Pump Inhibitors (PPI) treatment are described in up to 40% of patients with 
Gastroesophageal Reflux Disease (GERD). The efficacy of Laparoscopic Antireflux Surgery (LARS) in PPI non-responder 
patients is still unclear. This observational study aims to report the long-term clinical outcomes and predictors of dissatis-
faction in a cohort of refractory GERD patients submitted to LARS. Patients with preoperative refractory symptoms and 
objective GERD evidence submitted to LARS between 2008 and 2016 were included in the study. Primary endpoint was 
overall satisfaction with the procedure, secondary endpoints were long-term GERD symptom relief and endoscopic find-
ings. Univariate and multivariate analyses were performed to compare satisfied and dissatisfied patients, in order to identify 
preoperative predictors of dissatisfaction. A total of 73 refractory GERD patients who underwent LARS were included in the 
study. At a mean follow-up of 91.2 ± 30.5 months, the satisfaction rate was 86.3%, with a statistically significant reduction in 
typical and atypical GERD symptoms. Causes of dissatisfaction were severe heartburn (6.8%), gas bloat syndrome (2.8%), 
and persistent dysphagia (4.1%). Multivariate analysis showed that a number of Total Distal Reflux Episodes (TDRE) > 75 
was a predictive factor of long-term dissatisfaction after LARS while a partial response to PPI was a protective factor against 
dissatisfaction. LARS guarantees a high level of long-term satisfaction for selected refractory GERD patients. An abnor-
mal TDRE at 24 h-multichannel intraluminal impedance-pH monitoring and the lack of response to preoperative PPI were 
predictors of long-term dissatisfaction.
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Introduction

Gastro-esophageal reflux disease (GERD) is defined as the 
clinical condition that develops when abnormal reflux of 
gastric contents causes symptoms and/or complications. [1] 
Clinical manifestations of GERD include typical (heartburn, 
regurgitation) and atypical extraesophageal (chronic cough, 
hoarseness, laryngitis) symptoms. The mainstays of GERD 
medical treatment are antisecretory drugs, particularly Pro-
ton Pump Inhibitors (PPI). [2] However, as many as 40% of 

GERD patients fail to respond adequately despite appropri-
ate PPI treatment. [3]

The management of this clinical condition, known as 
refractory GERD, is not trivial.

Patients with persistent symptoms potentially attributable 
to refractory GERD deserve further diagnostic evaluations, 
including upper endoscopy, esophageal manometry, and 24 h 
multichannel intraluminal impedance-pH (MII-pH) monitor-
ing to confirm the diagnosis. In fact, several other disorders 
can be responsible for GERD-like symptoms, especially 
when atypical extraesophageal symptoms are prominent. [4]

Once the diagnosis is confirmed, several medical treat-
ment options, including optimization of PPI treatments and 
the adjunction of other therapeutic agents can be proposed, 
depending on the underlying cause of PPI unresponsiveness. 
[5–7] However, the overall efficacy of these treatments is 
weak. [8]
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Laparoscopic Antireflux Surgery (LARS) has been 
advocated for the treatment of refractory GERD. However, 
while LARS is highly effective for patients with typical 
symptoms and good response to PPI, the results of surgi-
cal treatment for refractory GERD are less clear. [9, 10] 
Therefore, this study aims to report the long-term results 
of LARS for refractory GERD, and to identify predictors 
of long-term dissatisfaction related to the procedure.

Materials and methods

Data from patients who underwent LARS at our Institution 
for refractory GERD were collected. “Refractory” GERD 
patients were adult patients with persistence of GERD 
symptoms despite adequate PPI treatment and objective 
evidence of pathological GERD at instrumental exami-
nations. Indications for surgery were refractory patients 
with either endoscopic evidence of GERD complications 
or MII-pH findings of pathological reflux. Exclusion cri-
teria were patients with good response to PPI treatment, 
large hiatal hernia (> 5 cm), revisional surgery, and pri-
mary surgery with open approach.

All patients underwent upper endoscopy preoperatively 
to rule out the presence and degree of esophagitis according 
to the Los Angeles classification, the presence and extent of 
Barrett’s esophagus, or other eventual mucosal abnormalities 
requiring endoscopic biopsies. [11]

Conventional esophageal manometry was performed to 
assess the functionality of the lower esophageal sphincter 
(LES), to exclude major esophageal dysmotility disorders, 
and to allow the correct positioning of the MII-pH catheter.

Preoperative ambulatory MII-pH monitoring (Sleuth; 
Sandhill Scientific INC, Highland Ranch, CO) off medical 
therapy was performed in all cases. Reflux episodes were 
categorized into acid, weakly acidic, and weakly alkaline, 
depending on their chemical characteristics. Proximal reflux 
episodes were defined as those reaching the electrodes 
located 15 cm from the upper limit of the LES. MII-pH path-
ological cut-off values considered were those described by 
Zerbib et al. in a cohort of 72 healthy subjects. Thresholds 
for defining “abnormal” number of reflux episodes were > 75 
for distal total, > 50 for distal acid, > 33 for distal weakly 
acidic, and > 30 for proximal reflux episodes. [12] Acid 
Exposure Time (AET) was considered abnormal when > 4%. 
[13] Symptom Index (SI) and Symptom Association Prob-
ability (SAP) were calculated and considered positive for 
values ≥ 50% and ≥ 95%, respectively. [14, 15]

Furthermore, in case of predominant extraesophageal 
symptoms, patients were evaluated by otorhinolaryngologist 
and pulmonary specialists, in order to exclude other possible 
etiologies.

Surgical procedures

All the surgical procedures were performed with laparo-
scopic approach by two experienced laparoscopic surgeons 
(MM, FR). The surgical techniques has been described else-
where. [16, 17] In brief, after complete esophageal distal 
mobilization, a primary posterior cruroplasty with non-
absorbable stitches was performed in case of an enlarged 
hiatus. In patients undergoing total fundoplication, a 360° 
wrap was created according to DeMeester’s criteria (short 
and floppy) with the anterior aspect of the stomach with 
three non-absorbable stitches. In patients undergoing pos-
terior partial fundoplication, a 270° wrap was performed 
with three esophagogastric stitches on the left and three 
esophagogastric stitches on the right aspects of the esopha-
gus. Total fundoplication was the standard procedure, while 
Toupet fundoplication was performed in case of preoperative 
dysmotility at esophageal manometry.

Follow‑up

All patients were followed in the outpatient clinic at 1, 3, 6, 
12 months and annually thereafter. For the purposes of this 
study, all patients were contacted to ask for consent to enter 
the study and undergo the clinical questionnaire.

Overall satisfaction was measured using a 10-point 
Likert scale. Satisfaction with the procedure was defined 
as a score > 7, while dissatisfaction as < 5. For intermedi-
ate scores (5–7), patients were considered satisfied if they 
answered “yes” to whether they would choose to undergo 
surgery again.

Endpoint and definition of the variables

The primary endpoint was the assessment of long-term 
overall satisfaction after LARS. Secondary endpoints were 
long-term GERD symptoms and endoscopic findings after 
LARS, and the identification of causes and predictive factors 
for dissatisfaction related to the procedure.

Parameters included in the univariate analyses were: 
demographic, preoperative typical symptoms, atypical 
symptoms and dysphagia, endoscopic findings, type of wrap, 
and MII-pH monitoring.

Statistical analysis

Continuous variables were reported as mean ± standard 
deviation (SD) while categorial data were reported as 
percentages.

Univariate analyses were performed using the t Stu-
dent test for normally distributed continuous variables, chi 
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square test applying Fisher’s exact test when appropriate 
for categorical variables, and Mann–Whitney test for not 
normally distributed data. We performed a logistic regres-
sion with backward stepwise selection: we included in the 
multivariate analysis all the variables with a significance 
level of 0.15 at univariate analysis, and a significance level 
of 0.15 was required for the variable to remain in the model. 
A p-value < 0.05 at multivariate analysis was considered sta-
tistically significant. All the analyses were performed using 
“Stata” software statistical program (version 17.0).

Results

A total of 248 patients underwent LARS at our Institu-
tion between January 2008 and December 2016. Of these, 
85 patients had large hiatal hernias, while 63 patients had 
GERD with good response to PPI treatment, therefore were 
excluded. A total of 73 patients met all the inclusion criteria 
and were considered for the study. Figure 1 shows the flow-
chart of the included patients.

The mean age at surgery was 48.0 ± 13.0  years, 22 
patients (30.1%) were female, while 51 (69.9%) were male. 
The median duration of symptoms was 96.9 ± 77.9 months. 
Before surgery, the main symptoms experienced by patients 
were heartburn (80.8%), regurgitation (65.8%), and atypical 

symptoms (53.4%). Table 1 summarizes the baseline char-
acteristics of the patients.

Intraoperative data

The mean operative time was 65.1 ± 17.6 min. All the pro-
cedures were completed laparoscopically with no need for 
conversions to open surgery. A total of 53 (72.6%) patients 
underwent total fundoplication, while 20 (27.4%) underwent 
posterior partial fundoplication. Associated cholecystectomy 
was performed in 3 (4.1%) patients in case of symptomatic 

Fig. 1   Flowchart of the included patients

Table 1   Baseline characteristics of included patients

BMI Body Mass Index, ASA American Society of Anesthesiologist, 
HP Helicobacter Pylori, LES Lower Esophageal Sphincter, SAP 
Symptom Association Probability, SISymptom Index

N = 73

Age [years] (mean; SD) 48.0 ± 13.0
Weight [kg] (mean; SD) 75.4 ± 11.3
BMI [kg/m2] (mean; SD) 25.7 ± 3.0
Preoperative smoking (n; %) 13 (17.8)
Preoperative symptoms
 Only typical symptoms 34 (46.6%)
 Only atypical symptoms 15 (20.5%)
 Mixed typical and atypical symptoms 24 (32.9%)

ASA score (n; %)
 1 20 (27.4)
 2 48 (65.8)
 3 5 (6.8)
 4 0 (0)
 Esophagitis (n; %) 34 (46.6)
 Grade 1 19 (55.9)
 Grade 2 11 (32.4)
 Grade 3 2 (5.9)
 Grade 4 2 (5.9)
 HP infection (n; %) 7 (9.6)
 Barrett’s esophagus (n; %) 16 (21.9)
 Short barrett 11 (68.8)
 Long barrett 5 (31.2)
 Small hiatal hernia (n; %) 46 (63.0)
 LES pressure [mmHg] (mean; SD) 7.2 ± 1.8
 Minor dysmotility (n; %) 20 (27.4)

Number of distal reflux episodes (mean, SD)
 Acid 54.4 ± 31.6
 Weakly acidic 30.2 ± 19.7
 Total 84.5 ± 43.1
 Number of proximal reflux episodes (mean; SD) 44.9 ± 25.9
 DeMeester’s score (mean, SD) 37.4 ± 30.5
 Acid exposure time (mean; SD) 8.1 ± 6.3
 SAP positivity (n; %) 68 (93.2)
 SI positivity (n; %) 65 (89.0)
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cholelithiasis. There were no intraoperative or postoperative 
complications. Mortality was 0%. The mean length of stay 
was 2.6 ± 0.9 days.

Follow‑up results

At a mean follow-up of 91.2 ± 30.5 months, a total of 63 
(86.3%) patients were satisfied with the surgical procedure, 
with a median overall satisfaction of 9 out of 10 (IQR 7–10).

At long-term follow-up there was a statistically significant 
reduction of GERD symptoms compared to the preopera-
tive period, with a decreased rate of heartburn (from 80.8 
to 21.9%, p < 0.001), regurgitation (from 65.7 to 15.1%, 
p < 0.001), chest pain (from 38.3 to 10.9%, p = 0.002) and 
atypical symptoms (from 53.4% to 12.3%, p = 0.04). (Fig. 2).

Postoperative dysphagia was present in 17 (23.3%) 
patients, described as mild and occasional in 14 (19.1%) and 
severe in 3 (4.1%), while gas bloat syndrome was reported 
to be mild by 8 (10.9%) and severe by 2 (2.8%) patients. All 
patients with complaints of postoperative dysphagia were 
investigated with objective examinations, through upper 
endoscopy and radiological series with contrast medium, 
to exclude the possibility of a tight wrap or anatomical 
distortions of the wrap) that could be responsible for the 
symptoms.

Long-term endoscopic evaluation was available for 59 
(80.8%) patients after a mean of 68 ± 37.6 months. In 44 
patients (74.5%), there were no signs of inflammation of 
the esophageal mucosa. Of the 16 patients with preopera-
tive Barrett’s esophagus, the long-term endoscopic evalua-
tion was obtained in 10 (62.5%), with evidence of intestinal 
metaplasia resolution in 5 patients with short Barrett.

Predictors of dissatisfaction

Dissatisfaction with the procedure occurred in 10 (13.7%) 
patients due to severe heartburn in 5 (6.8%), gas bloat syn-
drome in 2 (2.8%), and persistent dysphagia in 3 (4.1%).

By univariate analyses, preoperative factors considered 
for multivariate analysis were heartburn (OR 0.28, 95%CI 
0.07–1.10 p = 0.07), partial response to preoperative PPI 
(OR 0.33 95%IC 0.09–1.23 p = 0.10), Nissen fundoplica-
tion (OR 0.31 95%CI 0.08–1.15 P = 0.08), number of Total 
Distal Reflux Episodes (TDRE) (OR 11.25 95%CI 1.70-.) 
p = 0.007), and number of weakly acidic distal reflux epi-
sodes (OR 2.60 95%CI 0.70–9.55, p = 0.15). (Table 2) By 
multivariate analysis, TDRE was predictive factor of dis-
satisfaction after LARS, while a partial response to PPI was 
a protective factor against dissatisfaction. (Table 3).

Discussion

Laparoscopic fundoplication provides an effective and dura-
ble GERD symptom relief comparable to long-term medical 
treatment, especially in patients with typical symptoms and 
good response to PPI. [9, 18, 19] LARS consists of the crea-
tion of a wrap that acts as a mechanical barrier to prevent 
the refluxate of the gastric content independently from its 
chemical characteristics. Therefore, it has been suggested 
also for the treatment of refractory GERD. However, the 
results of LARS in refractory GERD patients are unclear, 
and the optimal treatment for this subgroup of patients 
remains uncertain. [20, 21]

Fig. 2   Comparison between preoperative and postoperative symp-
toms

Table 2   Univariate analyses for predictors of dissatisfaction

OR Odds Ratio, BMI Body Mass Index, PPI Proton Pump Inhibitors, 
WAC​ Weakly Acidic, AET Acid Exposure Time

Univariate analysis

Variable OR P

Age > 65 years 2.37 (0–12.9) 0.32
BMI > 25 1.75 (0.48–6.39) 0.41
Preoperative smoking 0.47 (0–3.24) 0.48
Preoperative heartburn 0.28 (0.07–1.10) 0.07
Preoperative chest pain 1.08 (0.29–3.99) 0.90
Preoperative regurgitation 1.25 (0.31–4.87) 0.76
Preoperative dysphagia 1.05 (0–7.77) 0.96
Preoperative atypical symptoms 1.36 (0.37–4.95) 0.65
Partial response to PPI 0.33 (0.09–1.23) 0.10
Distal acid reflux episodes 1.54 (0.42–5.62) 0.52
Distal WAC reflux episodes 2.60 (0.70–9.55) 0.15
7Distal total reflux episodes 11.25 (1.70-.) 0.007
DeMeester’s score 1.47 (0.31-.) 0.64
AET > 4 1.37 (0.34–5.35) 0.66
Proximal reflux episodes 1.86 (0.40-.) 0.45
Esophagitis 1.75 (0.48–6.39) 0.41
Barrett esophagus 0.35 (0–2.40) 0.32
Nissen fundoplication 0.31 (0.08–1.15) 0.08
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Recently, Spechler et al. performed a randomized clinical 
trial comparing LARS (27 patients), active medical treat-
ment (omeprazole plus baclofen, 25 patients), and control 
medical treatment (omeprazole plus placebo, 26 patients) 
for refractory heartburn. The authors found that, at 1-year 
follow-up, LARS was associated with a significantly higher 
satisfaction compared to the active and control medical 
group (67% vs. 28% vs. 12% respectively, p < 0.001). [22] 
However, satisfaction was considerably lower than the inci-
dence of success after LARS reported in observational stud-
ies of non-refractory GERD patients. [23]

Several mechanisms can explain the lack of response of 
GERD symptoms to acid-reducing medications, such as 
inadequately controlled acid reflux, predominant weakly 
acidic/non-acid reflux, or overlap with other esophageal or 
extra-esophageal non-GERD conditions. [2] The diagno-
sis of “true” refractory GERD, therefore, is not easy and 
requires a systematic evaluation, including endoscopy, 
esophageal manometry, and MII-pH monitoring. [24] Spe-
cifically, MII-pH monitoring, enabling the evaluation of the 
number, chemical characteristics, composition, and extent of 
reflux episodes and their correlation with symptoms, is use-
ful both to characterize the underlying main type of reflux, 
and to distinguish refractory GERD patients from alternative 
diagnoses unrelated to GERD. [25]

This study, aimed to evaluate the clinical outcomes of 
LARS in the treatment of refractory GERD, demonstrated 
the durable effects of this procedure in controlling GERD 
symptoms, with an overall satisfaction rate of 86% at long-
term follow-up. These results align with those reported by 
other authors, describing excellent LARS outcomes that are 
maintained up to 20 years after surgery in non-refractory 
GERD patients. [26, 27] Furthermore, LARS resolved effec-
tively both typical and extraesophageal atypical symptoms, 
that are generally associated with lower rates of improve-
ment and resolution after surgery. [28]

The successful outcomes of LARS largely depend on a 
careful preoperative assessment and rigorous patient selec-
tion. [29, 30] This is particularly true for PPI unresponsive 
patients, since GERD-like typical and atypical symptoms 

of different etiologies can often be mistaken for refractory 
GERD. Therefore, before considering LARS, a clear dem-
onstration that persistent GERD symptoms are truly reflux-
related is mandatory.

The results of this study indicate that preoperative endos-
copy and MII-pH monitoring allowed a precise selection of 
patients presenting with refractory GERD, even in case of 
extraesophageal symptoms, leading to a remarkable satisfac-
tion rate after LARS.

However, while most patients experienced significant 
relief of symptoms after surgery, a small subset of patients 
is dissatisfied with the procedure due to the persistence of 
symptoms or the onset of side effects such as dysphagia 
and gas bloat syndrome. Several demographic, clinical, and 
instrumental parameters have been investigated to iden-
tify specific factors that could influence surgical outcomes 
[31–33].

In this study, we performed univariate and multivari-
ate analyses, including patient characteristics, preoperative 
symptoms, and instrumental parameters, particularly MII-
pH monitoring variables, in order to identify factors asso-
ciated with postoperative procedure-related dissatisfaction. 
We found that a partial response to PPI was a protective 
factor against dissatisfaction, while an abnormal TDRE at 
preoperative MII pH monitoring off PPI was a predictive 
factor of dissatisfaction at long-term follow-up after LARS.

A reason for this is not entirely clear, since TDRE is an 
easily quantifiable MII-pH metric, but its clinical relevance 
is incompletely elucidated. It could be argued that a higher 
TDRE documents a more severe degree of GERD, since 
there is evidence that a higher TDRE correlates with increas-
ing grades of esophagitis and Barrett’s esophagus. [34, 35] 
Therefore, refractory GERD patients with evidence of an 
elevated number of TDRE at preoperative MII-pH monitor-
ing may be offered LARS bust should be aware of a potential 
higher risk of dissatisfaction after the procedure compared 
to patients with normal TDRE.

Future efforts should be directed at confirming our pre-
liminary results and elucidating the clinical implications 

Table 3   Multivariate analyses for predictors of dissatisfaction

OR Odds Ratio, PPI Proton Pump Inhibitors, WAC​ Weakly Acidic

Variable OR Complete model OR Reduced model

Regression coef-
ficient

P Regression coef-
ficient

P

Preoperative heartburn 0.52 (0.09–3.17) − 0.63 0.48
Partial response to PPI 0.22 (0.03–1.41) − 1.48 0.11 0.15 (0.03–0.75) − 1.85 0.02
Distal WAC reflux episodes 0.38 (0.06–2.46) − 0.96 0.31
Distal total reflux episodes 33.7 (2.36–480.8) 3.51 0.009 20.3 (2.12–194.0) 3.01 0.009
Nissen fundoplication 0.46 (0.08–2.45) − 0.77 0.36
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of abnormal MII-pH parameters on medical and surgical 
outcomes, tailoring GERD treatments according to patient 
characteristics.

This study has limitations that deserve comments. The 
primary endpoint of our study was the analysis of overall sat-
isfaction, which is a subjective outcome. To date, there are 
no validated tools capable of taking into account the whole 
spectrum of possible outcomes of the procedure, including 
improvement in quality of life, typical and atypical symptoms, 
and the occurrence of dysphagia and gas bloat syndrome. 
Besides, we did not assess the role of emerging techniques, 
such as high-resolution manometry, that were not available at 
the time of the surgical procedures.

Conclusion

LARS for selected refractory GERD patients guarantees a high 
level of overall satisfaction, that is maintained in the long-term 
follow-up. Preoperative MII-pH monitoring is a useful com-
plementary tool to allow a correct selection of PPI unrespon-
sive patients before LARS, allowing remarkable long-term 
satisfaction. An elevated abnormal number of TDRE was the 
only predictor of long-term dissatisfaction after the procedure.

Author contributions  UE and RF contributed to the study conception 
and design. Material preparation and data collection were performed 
by MS, OG and MAMFMH. UE performed the statistical analysis 
and wrote the first draft of the manuscript. All authors commented on 
previous versions of the manuscript and read and approved the final 
manuscript.

Funding  Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement. The authors did not receive 
support from any organization for the submitted work.

Data Availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Declarations 

Conflict of interest  All authors certify that they have no affiliations 
with or involvement in any organization or entity with any financial 
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

Research involving human participants and/or animals  This article 
does not contain any studies with animals performed by any of the 
authors.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R, Global Con-
sensus Group (2006) The Montreal definition and classification 
of gastroesophageal reflux disease: a global evidence-based con-
sensus. Am J Gastroenterol. 101(8):1900–20. https://​doi.​org/​10.​
1111/j.​1572-​0241.​2006.​00630.x. (PMID: 16928254)

	 2.	 Katz PO, Dunbar KB, Schnoll-Sussman FH, Greer KB, Yadlapati 
R, Spechler SJ (2022) ACG clinical guideline for the diagnosis 
and management of gastroesophageal reflux disease. Am J Gas-
troenterol 117(1):27–56. https://​doi.​org/​10.​14309/​ajg.​00000​00000​
001538.​PMID:​34807​007;​PMCID:​PMC87​54510

	 3.	 El-Serag H, Becher A, Jones R (2010) Systematic review: persis-
tent reflux symptoms on proton pump inhibitor therapy in primary 
care and community studies. Aliment Pharmacol Ther 32(6):720–
737. https://​doi.​org/​10.​1111/j.​1365-​2036.​2010.​04406.x. (PMID: 
20662774)

	 4.	 Zerbib F, Bredenoord AJ, Fass R, Kahrilas PJ, Roman S, Savarino 
E, Sifrim D, Vaezi M, Yadlapati R, Gyawali CP (2021) ESNM/
ANMS consensus paper: Diagnosis and management of refrac-
tory gastro-esophageal reflux disease. Neurogastroenterol Motil. 
33(4):e14075. https://​doi.​org/​10.​1111/​nmo.​14075. (PMID: 
33368919)

	 5.	 Jung DH, Huh CW, Lee SK, Park JC, Shin SK, Lee YC (2021) A 
systematic review and meta-analysis of randomized control trials: 
combination treatment with proton pump inhibitor plus Prokinetic 
for gastroesophageal reflux disease. J Neurogastroenterol Motil 
27(2):165–175. https://​doi.​org/​10.​5056/​jnm20​161. (PMID:3379
5539;PMCID:PMC8026378)

	 6.	 Pauwels A, Raymenants K, Geeraerts A, Boecxstaens V, Masuy 
I, Broers C, Vanuytsel T, Tack J (2022) Clinical trial: a controlled 
trial of baclofen add-on therapy in PPI-refractory gastro-oesoph-
ageal reflux symptoms. Aliment Pharmacol Ther 56(2):231–239. 
https://​doi.​org/​10.​1111/​apt.​17068. (PMID: 35665521)

	 7.	 Rettura F, Bronzini F, Campigotto M, Lambiase C, Pancetti A, 
Berti G, Marchi S, de Bortoli N, Zerbib F, Savarino E, Bellini M 
(2021) Refractory gastroesophageal reflux disease: a management 
update. Front Med 8:765061. https://​doi.​org/​10.​3389/​fmed.​2021.​
765061. (PMID: 34790683; PMCID: PMC8591082)

	 8.	 Hillman L, Yadlapati R, Thuluvath AJ, Berendsen MA, Pandolfino 
JE (2017) A review of medical therapy for proton pump inhibitor 
nonresponsive gastroesophageal reflux disease. Dis Esophagus 
30(9):1–15. https://​doi.​org/​10.​1093/​dote/​dox055.​PMID:​28859​
358;​PMCID:​PMC57​88178

	 9.	 Morgenthal CB, Lin E, Shane MD, Hunter JG, Smith CD (2007) 
Who will fail laparoscopic Nissen fundoplication? Preoperative 
prediction of long-term outcomes. Surg Endosc 21(11):1978–
1984. https://​doi.​org/​10.​1007/​s00464-​007-​9490-7. (PMID: 
17623236)

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1572-0241.2006.00630.x
https://doi.org/10.1111/j.1572-0241.2006.00630.x
https://doi.org/10.14309/ajg.0000000000001538.PMID:34807007;PMCID:PMC8754510
https://doi.org/10.14309/ajg.0000000000001538.PMID:34807007;PMCID:PMC8754510
https://doi.org/10.1111/j.1365-2036.2010.04406.x
https://doi.org/10.1111/nmo.14075
https://doi.org/10.5056/jnm20161
https://doi.org/10.1111/apt.17068
https://doi.org/10.3389/fmed.2021.765061
https://doi.org/10.3389/fmed.2021.765061
https://doi.org/10.1093/dote/dox055.PMID:28859358;PMCID:PMC5788178
https://doi.org/10.1093/dote/dox055.PMID:28859358;PMCID:PMC5788178
https://doi.org/10.1007/s00464-007-9490-7


985Updates in Surgery (2023) 75:979–986	

1 3

	10.	 Hillman L, Yadlapati R, Whitsett M, Thuluvath AJ, Berendsen 
MA, Pandolfino JE (2017) Review of antireflux procedures for 
proton pump inhibitor nonresponsive gastroesophageal reflux 
disease. Dis Esophagus 30(9):1–14. https://​doi.​org/​10.​1093/​dote/​
dox054. (PMID:28859357;PMCID:PMC5789775)

	11.	 Armstrong D, Bennett JR, Blum AL, Dent J, De Dombal FT, 
Galmiche JP, Lundell L, Margulies M, Richter JE, Spechler 
SJ, Tytgat GN, Wallin L (1996) The endoscopic assessment of 
esophagitis: a progress report on observer agreement. Gastroen-
terology 111(1):85–92. https://​doi.​org/​10.​1053/​gast.​1996.​v111.​
pm869​8230. (PMID: 8698230)

	12.	 Zerbib F, des Varannes SB, Roman S, Pouderoux P, Artigue F, 
Chaput U, Mion F, Caillol F, Verin E, Bommelaer G, Ducrotté P, 
Galmiche JP, Sifrim D (2005) Normal values and day-to-day vari-
ability of 24-h ambulatory oesophageal impedance-pH monitoring 
in a Belgian-French cohort of healthy subjects. Aliment Pharma-
col Ther. 22(10):1011–21. https://​doi.​org/​10.​1111/j.​1365-​2036.​
2005.​02677.x. (PMID: 16268977)

	13.	 Roman S, Gyawali CP, Savarino E, Yadlapati R, Zerbib F, Wu 
J, Vela M, Tutuian R, Tatum R, Sifrim D, Keller J, Fox M, 
Pandolfino JE, Bredenoord AJ (2017) GERD consensus group 
Ambulatory reflux monitoring for diagnosis of gastro-esophageal 
reflux disease: update of the Porto consensus and recommenda-
tions from an international consensus group. Neurogastroenterol 
Motil. 29(10):1–15. https://​doi.​org/​10.​1111/​nmo.​13067. (PMID: 
28370768)

	14.	 Wiener GJ, Richter JE, Copper JB, Wu WC, Castell DO (1988) 
The symptom index: a clinically important parameter of ambu-
latory 24-hour esophageal pH monitoring. Am J Gastroenterol 
83(4):358–361 (PMID: 3348191)

	15.	 Weusten BL, Roelofs JM, Akkermans LM, Van Berge-Henegou-
wen GP, Smout AJ (1994) The symptom-association probability: 
an improved method for symptom analysis of 24-hour esophageal 
pH data. Gastroenterology 107(6):1741–1745. https://​doi.​org/​10.​
1016/​0016-​5085(94)​90815-x. (PMID: 7958686)

	16.	 Rebecchi F, Allaix ME, Giaccone C, Morino M (2013) Gastric 
emptying as a prognostic factor for long-term results of total lapa-
roscopic fundoplication for weakly acidic or mixed reflux. Ann 
Surg. 258(5):831–6. https://​doi.​org/​10.​1097/​SLA.​0b013​e3182​
a6882a. (PMID: 24045453)

	17.	 Morino M, Ugliono E, Allaix ME, Rebecchi F (2019) Laparo-
scopic surgery for gastroesophageal reflux disease: Nissen, Tou-
pet or anterior fundoplication. Ann Laparosc Endosc Surg 4:83. 
https://​doi.​org/​10.​21037/​ales.​2019.​06.​14

	18.	 Galmiche JP, Hatlebakk J, Attwood S, Ell C, Fiocca R, Eklund 
S, Långström G, Lind T, Lundell L, Trial LOTUS, Collaborators. 
(2011) Laparoscopic antireflux surgery vs esomeprazole treat-
ment for chronic GERD: the LOTUS randomized clinical trial. 
JAMA 305(19):1969–1977. https://​doi.​org/​10.​1001/​jama.​2011.​
626. (PMID: 21586712)

	19	 Mehta S, Bennett J, Mahon D, Rhodes M (2006) Prospective 
trial of laparoscopic nissen fundoplication versus proton pump 
inhibitor therapy for gastroesophageal reflux disease: Seven-year 
follow-up. J Gastrointest Surg. 10(9):1312–6. https://​doi.​org/​10.​
1016/j.​gassur.​2006.​07.​010

	20.	 Lundell L, Bell M, Ruth M (2014) Systematic review: laparo-
scopic fundoplication for gastroesophageal reflux disease in par-
tial responders to proton pump inhibitors. World J Gastroenterol 
20(3):804–813. https://​doi.​org/​10.​3748/​wjg.​v20.​i3.​804. (PMID:
24574753;PMCID:PMC3921489)

	21.	 Hamdy E, El Nakeeb A, Hamed H, El Hemaly M, ElHak NG 
(2014) Outcome of laparoscopic Nissen fundoplication for gas-
troesophageal reflux disease in non-responders to proton pump 

inhibitors. J Gastrointest Surg 18(9):1557–1562. https://​doi.​org/​
10.​1007/​s11605-​014-​2584-3. (PMID: 24985244)

	22.	 Spechler SJ, Hunter JG, Jones KM, Lee R, Smith BR, Mashimo 
H, Sanchez VM, Dunbar KB, Pham TH, Murthy UK, Kim T, 
Jackson CS, Wallen JM, von Rosenvinge EC, Pearl JP, Laine L, 
Kim AW, Kaz AM, Tatum RP, Gellad ZF, Lagoo-Deenadayalan 
S, Rubenstein JH, Ghaferi AA, Lo WK, Fernando RS, Chan BS, 
Paski SC, Provenzale D, Castell DO, Lieberman D, Souza RF, 
Chey WD, Warren SR, Davis-Karim A, Melton SD, Genta RM, 
Serpi T, Biswas K, Huang GD (2019) Randomized trial of medi-
cal versus surgical treatment for refractory heartburn. N Engl J 
Med 381(16):1513–1523. https://​doi.​org/​10.​1056/​NEJMo​a1811​
424. (PMID: 31618539)

	23.	 Stefanidis D, Hope WW, Kohn GP, Reardon PR, Richardson WS, 
Fanelli RD, Guidelines SAGES, Committee. (2010) Guidelines 
for surgical treatment of gastroesophageal reflux disease. Surg 
Endosc 24(11):2647–2669. https://​doi.​org/​10.​1007/​s00464-​010-​
1267-8. (PMID: 20725747)

	24.	 Patel A, Yadlapati R (2021) Diagnosis and management of refrac-
tory gastroesophageal reflux disease. Gastroenterol Hepatol (NY). 
17(7):305–315 (PMID: 34602892; PMCID: PMC8475250)

	25.	 Sifrim D, Castell D, Dent J, Kahrilas PJ (2004) Gastro-oesopha-
geal reflux monitoring: review and consensus report on detection 
and definitions of acid, non-acid, and gas reflux. Gut 53(7):1024–
1031. https://​doi.​org/​10.​1136/​gut.​2003.​033290. (PMID:1519465
6;PMCID:PMC1774114)

	26.	 Campanello M, Westin E, Unosson J, Lindskog S (2020) Qual-
ity of life and gastric acid-suppression medication 20 years after 
laparoscopic fundoplication. ANZ J Surg 90(1–2):76–80. https://​
doi.​org/​10.​1111/​ans.​15471. (PMID: 31621170)

	27.	 Neuvonen P, Sand J, Matikainen M, Rantanen T (2017) Does 
nissen fundoplication provide lifelong reflux control? sympto-
matic outcome after 31–33 years. World J Surg 41(8):2046–2052. 
https://​doi.​org/​10.​1007/​s00268-​017-​3924-8. (PMID: 28258450)

	28.	 Iqbal M, Batch AJ, Spychal RT, Cooper BT (2008) Outcome of 
surgical fundoplication for extraesophageal (atypical) manifesta-
tions of gastroesophageal reflux disease in adults: a systematic 
review. J Laparoendosc Adv Surg Tech A 18(6):789–796. https://​
doi.​org/​10.​1089/​lap.​2007.​0165. (PMID: 19105666)

	29.	 Andolfi C, Vigneswaran Y, Kavitt RT, Herbella FA, Patti MG 
(2017) Laparoscopic antireflux surgery: importance of patient’s 
selection and preoperative workup. J Laparoendosc Adv Surg 
Tech A 27(2):101–105. https://​doi.​org/​10.​1089/​lap.​2016.​0322. 
(PMID: 27529517)

	30.	 Patti MG, Allaix ME, Fisichella PM (2015) Analysis of the causes 
of failed antireflux surgery and the principles of treatment: a 
review. JAMA Surg 150(6):585–590. https://​doi.​org/​10.​1001/​
jamas​urg.​2014.​3859. (PMID: 25853420)

	31	 Ip S, Tatsioni A, Conant A, Karagozian R, Fu L, Chew P, Raman 
G, Lau J, Bonis P (2009) Predictors of clinical outcomes follow-
ing fundoplication for gastroesophageal reflux disease remain 
insufficiently defined: a systematic review. Am J Gastroenterol. 
104(3):752–8. https://​doi.​org/​10.​1038/​ajg.​2008.​123

	32.	 Patel A, Sayuk GS, Gyawali CP (2015) Parameters on esopha-
geal pH-impedance monitoring that predict outcomes of patients 
with gastroesophageal reflux disease. Clin Gastroenterol Hepatol 
13(5):884–891. https://​doi.​org/​10.​1016/j.​cgh.​2014.​08.​029.​PMID:​
25158​924;​PMCID:​PMC43​39660

	33.	 Broeders JA, Draaisma WA, de Vries DR, Bredenoord AJ, Smout 
AJ, Gooszen HG (2009) The preoperative reflux pattern as prog-
nostic indicator for long-term outcome after Nissen fundoplica-
tion. Am J Gastroenterol 104(8):1922–1930. https://​doi.​org/​10.​
1038/​ajg.​2009.​228. (PMID: 19491839)

https://doi.org/10.1093/dote/dox054
https://doi.org/10.1093/dote/dox054
https://doi.org/10.1053/gast.1996.v111.pm8698230
https://doi.org/10.1053/gast.1996.v111.pm8698230
https://doi.org/10.1111/j.1365-2036.2005.02677.x
https://doi.org/10.1111/j.1365-2036.2005.02677.x
https://doi.org/10.1111/nmo.13067
https://doi.org/10.1016/0016-5085(94)90815-x
https://doi.org/10.1016/0016-5085(94)90815-x
https://doi.org/10.1097/SLA.0b013e3182a6882a
https://doi.org/10.1097/SLA.0b013e3182a6882a
https://doi.org/10.21037/ales.2019.06.14
https://doi.org/10.1001/jama.2011.626
https://doi.org/10.1001/jama.2011.626
https://doi.org/10.1016/j.gassur.2006.07.010
https://doi.org/10.1016/j.gassur.2006.07.010
https://doi.org/10.3748/wjg.v20.i3.804
https://doi.org/10.1007/s11605-014-2584-3
https://doi.org/10.1007/s11605-014-2584-3
https://doi.org/10.1056/NEJMoa1811424
https://doi.org/10.1056/NEJMoa1811424
https://doi.org/10.1007/s00464-010-1267-8
https://doi.org/10.1007/s00464-010-1267-8
https://doi.org/10.1136/gut.2003.033290
https://doi.org/10.1111/ans.15471
https://doi.org/10.1111/ans.15471
https://doi.org/10.1007/s00268-017-3924-8
https://doi.org/10.1089/lap.2007.0165
https://doi.org/10.1089/lap.2007.0165
https://doi.org/10.1089/lap.2016.0322
https://doi.org/10.1001/jamasurg.2014.3859
https://doi.org/10.1001/jamasurg.2014.3859
https://doi.org/10.1038/ajg.2008.123
https://doi.org/10.1016/j.cgh.2014.08.029.PMID:25158924;PMCID:PMC4339660
https://doi.org/10.1016/j.cgh.2014.08.029.PMID:25158924;PMCID:PMC4339660
https://doi.org/10.1038/ajg.2009.228
https://doi.org/10.1038/ajg.2009.228


986	 Updates in Surgery (2023) 75:979–986

1 3

	34.	 Broeders JA, Bredenoord AJ, Hazebroek EJ, Broeders IA, Goo-
szen HG, Smout AJ (2011) Effects of anti-reflux surgery on 
weakly acidic reflux and belching. Gut 60(4):435–441. https://​
doi.​org/​10.​1136/​gut.​2010.​224824. (PMID: 21193452)

	35.	 Saito M, Koike T, Nakagawa K, Abe Y, Norita K, Kikuchi H, 
Kanno T, Hatta W, Ara N, Uno K, Asanuma K, Asano N, Imatani 
A, Shimosegawa T, Masamune A (2020) Strong intra-esophageal 

reflux may contribute to the development of barrett’s adenocar-
cinoma and affect the localization. Digestion 101(6):752–760. 
https://​doi.​org/​10.​1159/​00050​2377. (PMID: 31412336)

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1136/gut.2010.224824
https://doi.org/10.1136/gut.2010.224824
https://doi.org/10.1159/000502377

	Laparoscopic antireflux surgery for refractory gastroesophageal reflux disease: long-term clinical outcomes
	Abstract
	Introduction
	Materials and methods
	Surgical procedures
	Follow-up
	Endpoint and definition of the variables
	Statistical analysis

	Results
	Intraoperative data
	Follow-up results
	Predictors of dissatisfaction

	Discussion
	Conclusion
	References




