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Reflux parameters as modified by EsophyX or laparoscopic fundoplication in refractory GERD

METHODS

In an open-label study, we prospectively enrolled patients with heartburn/regurgitation persisting despite high-dose PPI therapy. Impedance-pH monitoring was performed on PPI therapy before intervention, and off PPI therapy three months after intervention.

RESULTS

Ten patients chose to undergo EsophyX fundoplication while ten chose laparoscopic fundoplication; baseline characteristics were comparable. Distal and proximal refluxes were significantly reduced post-operatively in the surgical but not in the endoscopic group, and the median values were significantly lower in the former than in the latter. The oesophageal acid exposure time was normal in 50% of cases after EsophyX and in 100% of cases after surgery (P = 0.033) whilst the number of distal refluxes was normal in 20% and 90% of cases (P = 0.005) and the number of proximal refluxes was normal in 40% and 100% of cases (P = 0.011), respectively. A positive persisting symptom-reflux association was found post-operatively in 6/10 patients in the EsophyX group and in 0/10 patients in the surgical group (P = 0.011).

CONCLUSIONS

In patients with refractory GERD, EsophyX fundoplication is significantly less effective than laparoscopic fundoplication in improving reflux parameters and, accordingly, in inducing symptom remission. 

Introduction

Gastroesophageal reflux disease (GERD) has been defined as symptoms or mucosal damage produced by the abnormal reflux of gastric contents into the oesophagus [START_REF] Devault | Updated guidelines for the diagnosis and treatment of gastroesophageal reflux disease[END_REF]. Proton pump inhibitor (PPI) therapy represents the mainstay of medical treatment for GERD, providing the most rapid symptomatic relief and healing reflux oesophagitis in the highest percentage of patients [START_REF] Devault | Updated guidelines for the diagnosis and treatment of gastroesophageal reflux disease[END_REF].

However, it has been claimed that between 10% and 40% of patients with typical reflux symptoms (heartburn/regurgitation) remain symptomatic on a standard dose of PPIs and many of them will continue to experience symptoms on even high doses of PPIs [START_REF] Fass | Management of heartburn not responding to proton pump inhibitors[END_REF].

In patients with documented GERD who do not respond sufficiently to PPI therapy, laparoscopic Nissen fundoplication represents the currently suggested treatment modality to overcome PPI failures [START_REF] Kahrilas | American Gastroenterological Association Institute Technical Review on the management of gastroesophageal reflux disease[END_REF]. However, side effects may compromise otherwise excellent post-surgical results [START_REF] Broeders | Ten-year outcome of laparoscopic and conventional Nissen fundoplication[END_REF]. Persistent dysphagia, inability to belch and vomit, and increased bloating and flatulence - are side effects that may persist for more than 6 months following surgery and prove to be difficult to treat.

The EsophyX system is a novel transoral incisionless fundoplication device developed in an attempt to mimic antireflux surgery with fewer side effects [START_REF] Cadière | Endoluminal fundoplication by a transoral device for the treatment of GERD: a feasibility study[END_REF]. EsophyX fundoplication has been shown to be effective in improving acid reflux parameters in PPI-responsive GERD patients: accordingly, PPI discontinuation has been reported in more than one half of cases at 6-12 month follow-up [START_REF] Cadiere | Antireflux transoral incisionless fundoplication using EsophyX: 12-month results of a prospective multicenter study[END_REF].

Impedance-pH monitoring is a new method that allows detection of reflux independently of pH. Current evidence shows that impedance-pH monitoring gives the highest sensitivity for recording all reflux episodes as well as their composition, allowing accurate detection of acid as well as non-acid (weakly acidic and weakly alkaline) refluxes [START_REF] Bredenoord | Technology review: esophageal impedance monitoring[END_REF]. Symptoms that persist despite acid suppressive therapy can be associated with either acid or non-acid gastroesophageal reflux, or unrelated to reflux episodes [START_REF] Mainie | Acid and non-acid reflux in patients with persistent symptoms despite acid suppressive therapy: a multicentre study using combined ambulatory impedance-pH monitoring[END_REF][START_REF] Zerbib | Esophageal pH-impedance monitoring and symptom analysis in GERD: a study in patients off and on therapy[END_REF]. Impedance-pH monitoring appears then as the ideal technique not only to evaluate patients with residual symptoms while taking acid suppressive therapy [START_REF] Pandolfino | Esophageal reflux monitoring[END_REF] but also to assess the modifications of reflux parameters induced by endoscopic or surgical treatment.

Thus far, prospective studies comparing EsophyX fundoplication with laparoscopic fundoplication in refractory GERD have not been published. In this study, we prospectively compared acid and non-acid reflux parameters and their relationship with symptoms before and after EsophyX fundoplication or laparoscopic fundoplication in patients with PPI-unresponsive heartburn/regurgitation. 

Materials and Methods

Patients

We prospectively studied adult patients referred to our centre because of troublesome heartburn/regurgitation persisting despite at least 4-week high-dose PPI therapy. All patients were on double-dose of their particular PPI at enrolment and continued the PPI that they were on at the time of entering the study. Troublesome heartburn/regurgitation was defined by means of a validated questionnaire (see below). Patients with Barrett's oesophagus at an antecedent endoscopic examination were excluded. Presence of hiatal hernia, previous anti-reflux surgery, progressive systemic sclerosis, severe cardiac/pulmonary disease, and pregnancy were reasons for exclusion. Patients with non-cardiac chest pain as well as those with extra-oesophageal symptoms (cough, asthma, hoarseness) dominating the clinical picture were excluded. Patients were asked to participate to the study after receiving comprehensible and detailed explanations. The study protocol was approved by our Institutional Review Board. A written informed consent was obtained by all patients.

The severity of symptoms was rated by means of a ten-items validated questionnaire, based on a standard four-grade, Likert-type scale scoring system [START_REF] Frazzoni | Laparoscopic fundoplication versus lansoprazole for gastro-oesophageal reflux disease. A pH-metric comparison[END_REF]. Patients were asked to refer to the last month. Symptoms were graded as follows: 0 = none; 1 = mild/occasional, symptom could be ignored; 2 = moderate/frequent, symptom could not be ignored, but neither daily activities nor sleep were influenced; 3 = severe/constant, symptom influenced daily activities and/or sleep. Symptoms of the typical reflux syndrome (heartburn and regurgitation) were assessed, as well as dysphagia, chest pain, belching, early satiety, post-prandial fullness, epigastric pain/burn, vomiting, and epigastric bloating. A heartburn/regurgitation score of at least 2 was required for enrolment in the study.

Endoscopy

Standard criteria were adopted to evaluate and report oesophageal abnormalities. Reflux oesophagitis was defined according to the Los Angeles classification [START_REF] Lundell | Endoscopic assessment of oesophagitis: clinical and functional correlates and further validation of the Los Angeles classification[END_REF]; patients with grade D oesophagitis were excluded as well as those with peptic stricture or biopsy-proven Barrett's oesophagus. Hiatal hernia was considered to be present when the distance between the gastrooesophageal junction and the diaphragmatic impression was >2 cm on withdrawing the endoscope and represented an exclusion criteria. To be included, patients were also required to have a deteriorated gastro-oesophageal junction with Hill grade II or III [START_REF] Hill | The gastroesophageal flap valve: in vitro and in vivo observations[END_REF]. 

Oesophageal manometry

Standard oesophageal manometry was performed before and three months after surgical intervention (MF). The station pull-through method was used to locate the lower oesophageal sphincter (LOS). Briefly, an 8-channel, water perfused manometry catheter was placed nasally into the stomach and slowly withdrawn. The LOS was identified, and then, at each 0.5 cm station the resting pressure was measured at the end of expiration and the relaxation was assessed with wet swallows. Oesophageal body peristalsis was assessed and pressures measured with at least 10 wet swallows. The upper oesophageal sphincter was finally identified and the catheter removed. All manometric data were processed using the Polygram Net module (Medtronic Functional Diagnostics A/S, Tonsbakken, Denmark) in order to obtain the mean LOS tone and the mean distal oesophageal amplitude (DOA).

Impedance-pH monitoring

Impedance-pH monitoring was performed before endoscopic or surgical intervention on high-dose PPI therapy, and three months after EsophyX or laparoscopic fundoplication, in the absence of any acid suppressive therapy from at least one month (MF). An ambulatory, multichannel, intra-luminal impedance system was used, consisting of a portable data logger and a combined impedance-pH catheter (Sleuth ambulatory system, Sandhill Scientific, Inc; Highland Ranch, CO). After LOS location by oesophageal manometry, the impedance-pH catheter was passed trans-nasally. The configuration of the catheter adopted allowed monitoring changes in intraluminal impedance at 3, 5, 7, 9, 15, and 17 cm above the LOS upper border. In addition, pH was monitored at 5 cm above and 10 cm below the LOS upper border. Subjects were discharged and encouraged to maintain normal activities, sleep schedule, and eat their usual meals at their normal times. They were asked to remain upright during the day, and lie down only during their usual nocturnal bedtime. Event markers on the data-logger recorded symptoms, meal times, and posture changes. All studies were performed for 24 h, after which patients returned to the lab for catheter removal and data review. Impedance, pH, and symptom signals were collected at a resolution of a 50-Hz sampling rate on a 256-MB compact flash card. Impedance and pH information was analysed using a dedicated software program (BioView Analysis, Sandhill Scientific, Inc; Highland Ranch, CO) and visual analysis (MF). Analysis included identification, enumeration and characterization of individual reflux events and their relationship with symptoms.

Meal times were excluded. Liquid-only reflux was defined as a retrograde 50% fall in impedance from baseline in the two distal impedance sites. Gas reflux was defined as a rapid increase in impedance >3,000 ohms, occurring simultaneously at least in two oesophageal measuring segments. Liquid-gas (mixed) reflux was defined as gas reflux occurring immediately before or during a liquid reflux. Gas reflux events without liquid (belches) were considered separately and not included in the analysis. The time period with gastric pH <4, i.e. the percentage gastric acid exposure time (GAET) was computed for the total study period as well as the time period with oesophageal pH <4, i.e. the percentage oesophageal acid exposure time (OAET). Using the pH tracings, reflux events were classified as i) acid (nadir pH <4), ii) weakly acidic (nadir pH between 4 and 7) or iii) weakly alkaline (nadir pH not below 7) refluxes [START_REF] Sifrim | Gastro-oesophageal reflux monitoring: review and consensus report on detection and definitions of acid, non-acid, and gas reflux[END_REF]. Data analysis was performed on liquid and mixed reflux episodes for acid, weakly acidic and weakly alkaline refluxes; the number of total reflux events and the number of proximal reflux events (reaching the 15 cm impedance site) were also assessed.. The 95 th percentile of values obtained in 20 healthy controls who underwent impedance-pH monitoring off PPI therapy at our centre served as the upper normal limit [START_REF] Frazzoni | Reflux patterns in patients with short segment Barrett's oesophagus: a study using impedance-pH monitoring off and on proton pump inhibitor therapy[END_REF]. Symptom-reflux association analysis was carried out to investigate the relationship between the occurrence of reflux episodes and typical reflux symptoms (heartburn and regurgitation). The symptom association probability (SAP) and the symptom index (SI) were calculated using the BioView Analysis software (BioView Analysis; Sandhill Scientific, Inc.) after visual review.

According to the setting of this software, symptoms were considered as being related to reflux if they occurred within a 2-min (SAP) or 5-min (SI) time window after the onset of the reflux episode [START_REF] Zerbib | Esophageal pH-impedance monitoring and symptom analysis in GERD: a study in patients off and on therapy[END_REF]. A positive SAP was defined by 95% or more of symptoms associated with reflux. A positive SI was defined by 50% or more of symptoms associated with reflux.

Indications for EsophyX fundoplication or laparoscopic fundoplication

Indications for EsophyX fundoplication or laparoscopic fundoplication were as follows: i) persistent heartburn/regurgitation on high-dose PPI therapy and a positive symptom-reflux association during impedance-pH study, i.e. a positive SAP and/or a positive SI; ii) persistent heartburn/regurgitation on high-dose PPI therapy, no symptom during the impedance-pH study but abnormal OAET and/or abnormal number of total reflux events. After receiving comprehensible and detailed explanations, patients decided to undergo EsophyX fundoplication or laparoscopic fundoplication on free choice.

EsophyX fundoplication technique

The patient was placed in the left lateral decubitus position after undergoing nasotracheal intubation. All the procedures were performed by two experienced endoscopists (RC, RM) with the cooperation of an experienced surgeon (GM), all beyond the learning curve for the technique. After an initial upper endoscopy had been performed, the EsophyX device was passed over a standard gastroscope into the stomach. A helical retractor was screwed into the gastric wall distal to the gastro-oesophageal junction and then retracted into the device. Next, the device was withdrawn slightly, and 12 polypropylene fasteners were fired, creating a full-thickness apposition of the gastric wall (serosa to serosa plications) above the gastro-oesophageal junction. The device was rotated over an axis of 200°-300° to create a new gastro-oesophageal junction valve over a length of 2-3 cm. Patients were routinely discharged in the third post-operative day.

Laparoscopic fundoplication technique

All procedures were performed laparoscopically with the support of the da Vinci robotic system (Intuitive Surgical, Goleta, California, USA) and carried out by a senior surgeon (GM) who had previously performed more than 50 laparoscopic fundoplications. A floppy 360° Nissen fundoplication of 2.5-3 cm was constructed after full oesophageal mobilization and posterior crural repair with non-absorbable sutures. The wrap was not anchored to the crura. The patients were routinely discharged in the third post-operative day.

Outcome assessment

Three months after intervention, in the absence of any acid-suppressive therapy in the last month upper endoscopy (RC, RM) and impedance-pH monitoring (MF) were repeated as detailed above. Patients rated their symptoms with reference to the last month as described previously and returned the questionnaire only after upper endoscopy and the visual analysis of the impedance-pH tracing (MF) had been completed. Total symptom remission was defined by a score = 0 for heartburn and regurgitation. Subtotal symptom remission was defined by a score = 1 if the score for that particular symptom before intervention was = 3. Partial symptom remission was defined by a score = 1 if the pre-surgical score was = 2 or by a score = 2 if the score before intervention was = 3.

Statistics

When designing the study, proportions of patients with normal pH-metric results reported in previous studies after EsophyX [START_REF] Cadiere | Antireflux transoral incisionless fundoplication using EsophyX: 12-month results of a prospective multicenter study[END_REF] or laparoscopic [START_REF] Frazzoni | Laparoscopic fundoplication versus lansoprazole for gastro-oesophageal reflux disease. A pH-metric comparison[END_REF] fundoplication were considered. A total of 22 patients were required in each group to demonstrate a significant between-group difference at the 5% significance level, with statistical power of 80%. This was based on assumed clinically meaningful 45% difference in response rates (normal OAET) (40% EsophyX and 85% surgery). Continuous variables were compared using the Wilcoxon rank sum test or the Mann-Whitney U test for paired and unpaired data, respectively. Categorical variables were compared using the Fisher's exact test. A P < 0.05 was considered significant.

Results

Between May 2007 and July 2010, 142 patients were assessed for heartburn/regurgitation persisting on PPI therapy and twenty-three of them met the criteria for entering the study. Three patients postponed intervention. Ten patients (seven males, median age 44 years, three with reflux oesophagitis) chose to undergo EsophyX fundoplication and ten patients (five males, median age 40 years, three with reflux oesophagitis) chose to undergo laparoscopic fundoplication. The two groups of patients did not differ significantly for their main pathophysiological characteristics before endoscopic or surgical intervention, as shown in Table 1. Positive SAP and/or SI were found in 6/10 and 8/10 patients, respectively; no symptom was registered in association with weakly alkaline refluxes. In the EsophyX group, five patients were on double-dosage esomeprazole, three on double-dosage pantoprazole, one on double-dosage rabeprazole and one on double dosage omeprazole. In the surgical group, six patients were on double-dosage esomeprazole, two on double-dosage pantoprazole, one on double-dosage rabeprazole and one on double dosage lansoprazole.

Three months after the interventions, in the absence of any acid-suppressive therapy for at least one month reflux oesophagitis was found in two patients, both in the EsophyX fundoplication group (P NS). Some deterioration of the gastro-oesophageal junction was still present in 5 cases (Hill grade II in 4 cases, Hill grade III in 1 case), all treated with the endoscopic procedure (P = 0.033). The main pathophysiological findings in the two groups of patients after endoscopic or surgical intervention are reported in Table 2. The improvement in the LOS tone and in the DOA did not reach statistical significance whereas the GAET increased significantly in the absence of any acid-suppressive therapy (P = 0.001), and was >60% in all cases. The OAET (off PPI therapy) significantly increased in the endoscopic (P = 0.02) but not in the surgical group. The median number of distal refluxes did not change appreciably after the endoscopic procedure (P NS) (Fig. 1) whereas a significant reduction was detected after the surgical intervention (P = 0.02) (Fig. 2).

Similarly, the median number of proximal refluxes was significantly reduced after the surgical (P = 0.02) but not the endoscopic procedure (P NS). Acid refluxes increased significantly (P = 0.02) in the endoscopic group but decreased significantly in the surgical group (P = 0.02) despite restored gastric acidity. As expected, weakly acidic refluxes decreased significantly in both groups (off PPI) (P = 0.02) whereas the increase in weakly alkaline refluxes that we observed in the surgical group was not significant (P NS). When data after the intervention were compared between the two groups (Table 2), distal and proximal refluxes were significantly lower in the surgical group, as well as the OAET and the number of acid refluxes. Moreover, the median number of distal as well as of proximal refluxes was significantly higher in the EsophyX group than in our control group (P = 0.001). The proportions of patients with normalisation of the main reflux parameters after intervention were significantly lower in the endoscopic than in the surgical group (Fig. 3). The OAET was normal in 50% and 100% after the endoscopic or surgical intervention, respectively (P = 0.033). The number of distal refluxes was normal in 20% and 90% (P = 0.005) and the number of proximal refluxes was normal in 40% and 100% (P = 0.011) after the endoscopic and surgical intervention, respectively. A positive SAP/SI was found in 6/10 patients after the endoscopic procedure (four with abnormal OAET and five with abnormal number of distal and proximal refluxes) but in 0/10 patients after surgery (P = 0.011).

Seven patients treated with the endoscopic procedure reported only partial or no symptom remission whereas total/subtotal symptom remission was reported by all patients in the surgical group (P = 0.003). Mild dysphagia (score = 1) was reported by two patients after surgery and by one patient after EsophyX. Two patients complained of epigastric bloating (score = 1) after surgery.

Discussion

In this study, in two comparable selected groups of refractory GERD patients normalisation of the main reflux parameters was less frequently found after EsophyX than after laparoscopic fundoplication. Positive symptom-reflux association indexes and median values of the main reflux parameters were significantly higher after the endoscopic than after the surgical intervention.

Accordingly, total/subtotal symptom remission was more frequently reported after the surgical than after the endoscopic procedure.

After EsophyX fundoplication, we didn't find any appreciable decrease in the number of either distal or proximal refluxes, the median values being significantly higher than those detected in the group of patients who chose to undergo laparoscopic fundoplication and significantly above the normal range. The OAET increased concomitantly with a restored gastric acidity and was higher than normal in 50% of cases. Proximal extent of the refluxate has a major role in the perception of heartburn/regurgitation [START_REF] Zerbib | Determinants of gastro-oesophageal reflux perception in patients with persistent symptoms despite proton pump inhibitors[END_REF][START_REF] Tutuian | Characteristic of symptomatic reflux episodes on acid suppressive therapy[END_REF] and we found a higher than normal number of proximal refluxes in the majority of our patients after the Esophyx procedure. Accordingly, a persisting positive SAP/SI was found in the majority of cases after intervention. Taken together, our impedance-pH monitoring Symptom recurrence and persistently abnormal reflux parameters with the need for subsequent laparoscopic fundoplication have been reported in a substantial number of GERD patients after EsophyX fundoplication in recent series [START_REF] Repici | Endoluminal fundoplication (ELF) for GERD using EsophyX: a 12-month follow-up in a single-center experience[END_REF][START_REF] Furnée | Laparoscopic Nissen fundoplication after failed EsophyX fundoplication[END_REF]. The mechanism of action of EsophyX remains under investigation (6) but, on the basis of our results, some reduction of the "acid pocket" can be hypothesized, insufficient to normalise the OAET in half of cases, however, the latter result being quite similar to that reported by Cadière et al. at six-month follow-up (41% ) [START_REF] Cadiere | Antireflux transoral incisionless fundoplication using EsophyX: 12-month results of a prospective multicenter study[END_REF].

After laparoscopic fundoplication, we found a significant decrease in the median number of distal and proximal as well as of acid refluxes. The OAET was normal in all cases despite a restored gastric acidity. Moreover, the number of distal refluxes was normal in 9/10 patients and the number of proximal reflux events was normal in all cases. Interestingly, the majority of refluxes detected after surgery were non-acid (weakly acidic and weakly alkaline). Our findings confirm that laparoscopic fundoplication acts not only by reducing the number of transient LOS relaxation [START_REF] Bredenoord | Mechanisms of acid, weakly acidic and gas reflux after anti-reflux surgery[END_REF] but also by reducing the volume of the "acid pocket" at the gastro-oesophageal junction (21) as nonacid refluxes represent the majority of refluxes detected after intervention [START_REF] Roman | Characterization of reflux events after fundoplication using combined impedance-pH recording[END_REF][START_REF] Frazzoni | Reflux parameters as modified by laparoscopic fundoplication in 40 patients with heartburn/regurgitation persisting despite PPI therapy. A study using impedance-pH monitoring[END_REF]. As neither in the present nor in a previous larger surgical series [START_REF] Frazzoni | Reflux parameters as modified by laparoscopic fundoplication in 40 patients with heartburn/regurgitation persisting despite PPI therapy. A study using impedance-pH monitoring[END_REF] we found any positive symptom-reflux association with weakly alkaline refluxes before and after intervention, we believe that weakly alkaline refluxes have a little role, if any, in the genesis of typical reflux symptoms. Moreover, we have recently shown that weakly acidic but not weakly alkaline refluxes are associated with PPIresistant symptomatic reflux oesophagitis [START_REF] Frazzoni | Weakly acidic refluxes have a major role in the pathogenesis of proton pump inhibitor-resistant reflux oesophagitis[END_REF], confirming that the presence of activated pepsins in a weakly acidic refluxate is critical for oesophageal mucosal damage and reflux symptoms to occur [START_REF] Roberts | Review article: human pepsins -their multiplicity, function and role in reflux disease[END_REF][START_REF] Pearson | Review article: nature and properties of gastro-oesophageal and extraoesophageal refluxate[END_REF].

Because impedance-pH monitoring is currently the most sensitive method for reflux detection, a negative study can serve to rule out GERD as a cause of persistent symptoms whereas establishing a reflux causality by means of a positive SAP or SI could support surgical or endoscopic intervention (2,10). There is evidence that a significant proportion of symptoms associated with non-acid reflux may be missed with just the use of a 2-min time window [START_REF] Agrawal | Symptoms with acid and nonacid reflux may be produced by different mechanisms[END_REF]. When a 5-min time window was adopted, the reproducibility of the SI did not differ from that of the SAP [START_REF] Aanen | Reproducibility of symptom association analysis in ambulatory reflux monitoring[END_REF]. As we evaluated patients on acid-suppressive therapy, we decided to assess both indices with different time windows (2-min for the SAP and 5-min for the SI), in agreement with the settings of the Bioview Analysis software. As patients frequently do not report symptoms during an impedance-pH study, it has been advocated that impedance-pH monitoring should be analysed not only for symptom-reflux association but also in a quantitative fashion, similar to traditional pH-only monitoring [START_REF] Fass | Management of heartburn not responding to proton pump inhibitors[END_REF]. An abnormal OAET on high-dose PPI therapy, can be considered as evidence of insufficient acid suppression, i.e. PPI refractoriness. A higher than normal number of total reflux events is a parameter not affected by PPI therapy [START_REF] Frazzoni | Reflux patterns in patients with short segment Barrett's oesophagus: a study using impedance-pH monitoring off and on proton pump inhibitor therapy[END_REF][START_REF] Hemmink | Esophageal pH-impedance monitoring in patients with therapy-resistant reflux symptoms: "on" or "off" proton pump inhibitor?[END_REF] and associated with abnormal OAET at pH-monitoring when performed off PPI therapy [START_REF] Pritchett | Efficacy of esophageal impedance/pH monitoring in patients with refractory gastroesophageal reflux disease, on and off therapy[END_REF]. We relied then on an abnormal OAET and/or an abnormal number of total reflux events on PPI therapy to confirm reflux disease and to propose EsophyX or laparoscopic fundoplication to those patients with persistent troublesome heartburn/regurgitation reporting no symptom during the impedance-pH monitoring study. Our post-surgical results confirm that impedance-pH monitoring can be used to select patients with refractory GERD who will benefit from laparoscopic fundoplication [START_REF] Frazzoni | Reflux parameters as modified by laparoscopic fundoplication in 40 patients with heartburn/regurgitation persisting despite PPI therapy. A study using impedance-pH monitoring[END_REF][START_REF] Spechler | Surgery for gastroesophageal reflux disease: esophageal impedance to progress?[END_REF].

Our upper normal limits, defined by the 95 th percentile of values obtained in 20 healthy controls at our centre (off PPI therapy) [START_REF] Frazzoni | Reflux patterns in patients with short segment Barrett's oesophagus: a study using impedance-pH monitoring off and on proton pump inhibitor therapy[END_REF] are at variance with those reported by previous series [START_REF] Shay | Twenty-four hour ambulatory simultaneous impedance and pH-monitoring: a multicenter report of normal values from 60 healthy volunteers[END_REF][START_REF] Zerbib | Normal values and day-to-day variability of 24-h ambulatory oesophageal impedance-pH monitoring in a Belgian-French cohort of healthy subjects[END_REF]. This can be explained by different dietary habits: our normal values were obtained in normal subjects eating their usual meals in a Mediterranean region and are very close to those found in our country when a standardized Mediterranean diet was adopted [START_REF] Zentilin | Normal values of 24-h ambulatory intraluminal impedance combined with pH-metry in subjects eating a Mediterranean diet[END_REF][START_REF] Savarino | Characteristics of reflux episodes and symptom association in patients with erosive esophagitis and non-erosive reflux disease: study using combined impedance-pH off therapy[END_REF]. Moreover, there is evidence that the OAET is lower when impedance-pH instead of pH-only criteria are adopted to detect acid reflux (36).

A few limitations of this study should be acknowledged. Patients were not randomised to EsophyX or laparoscopic fundoplication: they took the decision between endoscopic and surgical treatment after receiving comprehensible and detailed information. However, the estimates of treatment effects from observational studies and randomised, controlled trials may be very similar (37,38) and the two groups of patients in our study were well matched for their baseline characteristics. Moreover, the efficacy of treatment was objectively assessed by means of impedance-pH monitoring, the most useful test to put reflux in relationship with symptoms in PPI failures (39). The sample size of our study was small, owing to the careful selection of patients (hiatal hernia, Barrett's oesophagus, and grade D oesophagitis excluded; positive impedance-pH monitoring study in PPI-refractory heartburn/regurgitation required): nevertheless, the differences in the main reflux parameters between the two treatment modalities were significant and corroborated by symptom-reflux association analysis. According to such impressive results, we decided to suspend enrolment of patients considering our data adequate for the primary aim of our study. It could be argued that our series was not large enough to evaluate differences in the incidence of untoward side effects such as post-surgical dysphagia: however, early severe postoperative dysphagia requiring endoscopic dilation was not registered in the present series and its incidence is 5% only at our centre [START_REF] Frazzoni | Reflux parameters as modified by laparoscopic fundoplication in 40 patients with heartburn/regurgitation persisting despite PPI therapy. A study using impedance-pH monitoring[END_REF]. Moreover, recent data from a tertiary care centre show that laparoscopic fundoplication can even improve the pre-operative dysphagia score in GERD patients (40). 
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 123 Figure 1. Distal refluxes before (on PPI) and after (off PPI) EsophyX

Table 1 .

 1 Pathophysiological characteristics before EsophyX or laparoscopic fundoplication (on PPI)

		EsophyX	Laparoscopic	P	Upper
		fundoplication	fundoplication		normal limit
	LOS tone (mm Hg)	23 (19-25)	18 (14-21)	NS	-
	DOA (mm Hg)	88(73-138)	97 (77-113)	NS	-
	GAET (%)	42 (26-47)	44 (34-48)	NS	-
	OAET (%)	0 (0-1)	0.5 (0.1-1.4)	NS	3.3
	Acid refluxes (n)	7 (2-16)	9 (4-19)	NS	23
	Weakly acidic refluxes (n)	53 (41-64)	58 (50-72)	NS	27
	Weakly alkaline refluxes (n)	0 (0-1)	0 (0-0)	NS	2
	Distal refluxes (n)	60 (51-69)	73 (54-89)	NS	45
	Proximal refluxes (n)	36 (30-49)	49 (33-55)	NS	32
	SAP and/or SI + (n)	6	8	NS	-
	All values are expressed as median (interquartile range)		
	LOS = Lower Oesophageal Sphincter			
	DOA = Distal Oesophageal Amplitude			
	GAET = Gastric Acid Exposure Time			
	OAET = Oesophageal Acid Exposure Time			
	SAP = Symptom Association Probability			
	SI = Symptom Index				

Table 2 .

 2 Pathophysiological findings after EsophyX or laparoscopic fundoplication (off PPI)

		EsophyX	Laparoscopic	P	Upper
		fundoplication	fundoplication		normal limit
	LOS tone (mm Hg)	24 (21-27)	21 (17-25)	NS	-
	DOA (mm Hg)	93 (68-149)	106 (82-132)	NS	-
	GAET (%)	88 (84-92)	89 (82-91)	NS	-
	OAET (%)	3 (1-10)	0 (0-0.3)	0.001	3.3
	Acid refluxes (n)	40 (27-57)	2 (0-5)	0.001	23
	Weakly acidic refluxes (n)	16 (13-19)	17 (9-21)	NS	27
	Weakly alkaline refluxes (n)	0 (0-0)	4 (0-5)	0.028	2
	Distal refluxes (n)	64 (50-72)	25 (15-33)	0.001	45
	Proximal refluxes (n)	37 (30-51)	9 (6-14)	0.001	32
	SAP and/or SI + (n)	6	0	0.011	-
	All values are expressed as median (interquartile range)		
	LOS = Lower Oesophageal Sphincter			
	DOA = Distal Oesophageal Amplitude			
	GAET = Gastric Acid Exposure Time			
	OAET = Oesophageal Acid Exposure Time			
	SAP = Symptom Association Probability			
	SI = Symptom Index