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Abstract
[bookmark: OLE_LINK2664][bookmark: OLE_LINK2665][bookmark: OLE_LINK2613][bookmark: OLE_LINK2614]AIM: To determine whether an increased number and duration of non-acid reflux events as measured using the multichannel intraluminal impedance pH (MII-pH) is linked to gastroparesis (GP). 

[bookmark: OLE_LINK2654][bookmark: OLE_LINK2637][bookmark: OLE_LINK2638]METHODS: A case control study was conducted in which 42 patients undergoing clinical evaluation for continued symptoms of gastroesophageal reflux (GERD) (both typical and atypical symptoms) despite acid suppression therapy. MII-pH technology was used over 24 h to detect reflux episodes and record patients’ symptoms. Parameters evaluated in patients with documented GP and controls without GP by scintigraphy included total, upright, and supine number of acid and non-acid reflux episodes (pH < 4 and pH > 4, respectively), the duration of acid and non-acid reflux in a 24-h period, and the number of reflux episodes lasting longer than 5 min. 

RESULTS: No statistical difference was seen between the patients with GP and controls with respect to the total number or duration of acid reflux events, total number and duration of non-acid reflux events or the duration of longest reflux episodes.  The number of non-acid reflux episodes with a pH > 7 was higher in subjects with GP than in controls. In addition, acid reflux episodes were more prolonged (lasting longer than 5 min) in the GP patients than in controls; however, these values did not reach statistical significance. Thirty-five patients had recorded symptoms during the 24 h study and of the 35 subjects, only 9% (n = 3) had a positive symptom association probability (SAP) for acid/non-acid reflux and 91% had a negative SAP.

CONCLUSION: The evaluation of patients with a documented history of GP did not show an association between GP and more frequent episodes of non-acid reflux based on MII-pH testing. 
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INTRODUCTION
Gastroparesis (GP) is a chronic gastrointestinal motility disorder characterized by delayed gastric emptying in the absence of mechanical outlet obstruction[1]. The most common etiologies of GP include those secondary to chronic disease states such as diabetes mellitus and collagen-vascular diseases, post-surgical causes, medication induced, and idiopathic causes[1,2]. Symptoms of GP include early satiety, nausea, vomiting, abdominal pain, bloating, and gastroesophageal reflux[1-3]. Notably, GP has been rising in prevalence across the United States, which as a result, has led to an increase in GP related hospitalizations and increasing health care costs[1,4].
[bookmark: OLE_LINK2603][bookmark: OLE_LINK2604][bookmark: OLE_LINK2615][bookmark: OLE_LINK2616][bookmark: OLE_LINK2659]Gastroesophageal reflux (GERD) is a very common disease in the United States and has recently been show to be the most common GI diagnosis among clinical visits in the United States[5]. The mainstay of treatment for GERD includes proton pump inhibitors (PPIs) but several studies have shown that upwards of 40% of patients who suffer from heartburn have either a partial or complete lack of response to PPIs taken once a day[6-8]. A number of causes for PPI failure have been investigated, including medication non-compliance, undiagnosed functional bowel disorders, and GP[9].  
GP has been reported to be present in a variable subset of patients who suffer from refractory GERD and studies have shown that anywhere between 8%-10% of patients with refractory GERD additionally suffer from GP[10-14]. It is unknown whether the hypothesized link between GP and refractory GERD actually exists in clinical practice. The aim of our study was to determine whether there is an increased number and duration of non-acid reflux events when comparing patients with GP and without GP using Multichannel Intraluminal Impedance pH (MII-pH). Given the delayed gastric emptying of food in patients with GP, we hypothesized that patients with GP will experience a greater number of non-acid reflux episodes for a longer duration of time when compared to controls without GP. 
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The University of Florida Health Science Center Institutional Review Board approved the collection and analysis of MII-pH data obtained in this study. 

Patient Population
From July 2009 to September 2010, all patients who underwent MII-pH analysis for continued symptoms of GERD despite PPI therapy were enrolled after signing informed consent (n = 66). The patients’ health records were reviewed for evidence of a prior gastric emptying scintigraphy (GES) done at the University of Florida (n = 39) or the results were documented in a recent clinic note from a prior GES done at an outside institution (n = 3). Patients were then included in this study if a GES was previously done (abnormal at University of Florida if t1/2 > 90 min) and they were scheduled to or had undergone a MII-pH study at the gastric motility laboratory at University of Florida. Patients were excluded from the study if they had no prior GES or history of one documented in a recent clinical note. However, patients were not excluded if they were currently on anti-acid therapy. All patients underwent a physical examination and upper endoscopy prior to undergoing the ambulatory MII-pH testing to exclude any mechanical obstruction. 
Patients were considered refractory to PPI therapy at the discretion of the clinician who had referred them to receive MII-pH analysis. Patients were defined as ‘refractory’ if they continued to have symptoms of GERD despite anti-acid therapy. All patients remained on their previously prescribed PPI therapy during the duration of the study. 

MII-pH monitoring
Subjects presented to the motility laboratory after an overnight fast. The Sleuth ambulatory system (Sandhill Scientific, Inc; Highlands Ranch, CO, United States) was used to perform the impedance testing. The catheter has an antimony pH electrode measuring the pH 5 cm from the distal tip and 6 impedance electrodes that measures impedance at 3, 5, 7, 9, 15, and 17 cm above the distal tip. The catheter was placed transnasally with its tip 5 cm above the lower esophageal sphincter. 
Subjects then underwent a 24-h monitoring in which their symptoms were electronically recorded and the patients kept a diary of their food intake. All 42 subjects were continued on their current acid suppression therapy for the entire duration of the study. All prokinetic agents, including bethanechol, domperidone, metoclopramide, and azithromycin were discontinued. 
Symptoms recorded in the electrical diaries included both typical GERD symptoms (heartburn, regurgitation, and chest pain) and atypical GERD symptoms (cough, hoarseness, abdominal discomfort, nausea, belching, globus sensation, and dysphagia). After the 24-h ambulatory period, subjects returned to the motility laboratory where the data was transferred and analyzed using a single investigatory dedicated software (BioView Analysis; Sandhill Scientific, Inc). Two investigators in the motility laboratory manually reviewed tracings and electronic diary entry of symptoms. Meal periods were marked and excluded from the analysis. Only liquid and mixed liquid/gas reflux episodes were evaluated for this study.
The parameters obtained from the MII-pH device included the total, upright, and supine number of acid and non-acid reflux episodes, the duration of acid and non-acid reflux in a 24-h period, and the number of reflux episodes lasting longer than 5 min. The MII-pH detected reflux episodes that were classified as acidic when the esophageal pH fell below 4, non-acidic if the pH was between 4-7, and alkaline if the pH rose above 7. 
[bookmark: OLE_LINK2619][bookmark: OLE_LINK2620]Based on the MII-pH data, we evaluated each separate symptom and determined their association with a reflux episode. The symptom association probability (SAP) was electronically calculated using the BioView Analysis Software. The 24-h pH data was divided into two-minute segments and each of the two minute segments were studied to determine whether a reflux event and a symptom occurred during that segment. A 2 × 2 table was made in which the number of two minute segments with and without reflux and with and without symptoms were tabulated. A χ2 test was then used to determine whether the occurrence of the symptoms and reflux could have occurred by chance. The SAP was then calculated using the formula SAP = (1-P) × 100% and it was considered positive if > 95%[15].

Statistical analysis
The impedance pH data was compared using the Wilcoxon non-parametric analysis of variance for means and the 2-sided Fisher exact test for proportions. All values are expressed as a mean ± SD. The null hypothesis assumes that no significant difference in the number of non-acid reflux events will be seen when comparing impedance pH data between the GP group and the control group. 

RESULTS
Demographics and medical conditions
The study included 42 participants chosen based on their GES results and then divided into two groups: subjects with gastroparesis and subjects with normal GES both undergoing MII-pH for continued symptoms of GERD despite PPI therapy.
[bookmark: OLE_LINK2643][bookmark: OLE_LINK2644][bookmark: OLE_LINK2645][bookmark: OLE_LINK2646][bookmark: OLE_LINK2647][bookmark: OLE_LINK2657][bookmark: OLE_LINK2658][bookmark: OLE_LINK2623][bookmark: OLE_LINK2624][bookmark: OLE_LINK2625][bookmark: OLE_LINK2621][bookmark: OLE_LINK2622]The GP group included 16 patients with a mean age of 54 ± 14 years (age range: 24-76 years) with a mean GES half-time (t1/2) of 134 min ± 59 min (normal defined at UF as t1/2 between 45-90 min). The control group consisted of 26 patients with a mean age of 51 ± 13 years (age range: 24-77 years) with a mean GES (t1/2) of 65 min ± 13 min (Table 1).  Among the GP group, 6 patients had a normal esophagogastroduodenoscopy (EGD) and 7 patients had biopsy proven Helicobacter pylori (H. pylori) negative gastritis (Table 1). In the control group, 11 patients had a normal EGD and 6 patients had biopsy proven H. pylori negative gastritis (Table 1). 
Symptoms on presentation among both the GP and control group included heartburn, bloating, nausea/vomiting chest pain, and hoarseness. Concurrent medical diagnoses included GERD, irritable bowel syndrome, type II diabetes mellitus, and chronic constipation. Prior surgical procedures in both populations included cholecystectomy and Nissen fundoplication. 

MII-pH data
No statistical difference was seen between subjects with GP and controls with respect to the total number and duration of acid reflux events [13.3 ± 17.1 (95%CI: 4.2-22.4) in GP vs 12.0 ± 14.8 (95%CI: 6.0-18.0) in controls, P < 0.79], total number and duration of non-acid reflux events [21.6 ± 24.6 (95%CI: 8.5-34.7) in GP vs 25.7 ± 29.3 (95%CI: 13.9-37.5) in controls, P <0.64], or the total number and duration of reflux events [30.8 ± 36.5 (95%CI: 11.3-50.2) in GP vs 37.9 ± 35.7 (95%CI: 23.48-52.29) in controls, P < 0.54] (Figure 1).  The number of non-acid reflux episodes with a Ph > 7 were higher in subjects with GP [5.3 ± 5 (95%CI: 2.6-8.0) vs 4.5 ± 5.6 (95%CI: 2.3-6.9) in controls, P < 0.67] and the acid reflux episodes were more prolonged (lasting longer than 5 min) in the GP group  [0.95 ± 2.0 (95%CI: -1.1-2.0) vs 0.25 ± 0.7 (95%CI: -1.1-0.5) in controls], but these values did not reach statistical significance (P < 0.12) (Figure 1). 

Symptom association probability
Of the 42 subjects who were evaluated, 35 subjects (83%) recorded symptoms during the 24-hour study period and 7 patients did not have any recorded symptoms. There were 87 total symptoms recorded by the 35 subjects and 33% were typical symptoms and 67% were atypical symptoms of GERD. The GP group accounted for 38% (n = 11) of the total typical symptoms reported and the control group accounted for 62% (n = 18) of typical symptoms. Atypical symptoms of GERD were also more commonly recorded in the control group than the GP group (59% versus 41% respectively) (Table 2).
Of the 35 subjects who had recorded symptoms during their MII-pH testing, only 9% (n = 3) had a positive SAP for acid/non-acid reflux and 91% (n = 32) had a negative SAP. Similarly, of the total typical symptoms that were recorded, 7% (n = 2) had a positive SAP and 93% (n = 27) had a negative SAP. Of the 58 atypical symptoms recorded, 3% (n = 2) had a positive SAP and 97% (n = 56) had a negative SAP. Among the 16 subjects with GP, a total of 35 symptoms were recorded and all had a negative SAP.  Among the 26 controls, 52 symptoms were recorded, and 8% of those had a positive SAP with the majority (92%) having a negative SAP.

DISCUSSION
[bookmark: OLE_LINK2633][bookmark: OLE_LINK2634]Resistance to acid suppression therapy such as PPIs is the most common presentation of GERD in the tertiary care gastrointestinal practices[16]. A survey of GERD patients receiving PPI therapy shows that 25%-42% of patients are refractory to a once-daily PPI dose, of which only 25% would respond to an increase in PPI dosing to twice daily[17,18]. In addition, 42% of GERD patients surveyed are dissatisfied with their PPI treatment outcomes[19]. GP has long been thought of as a risk factor for refractory GERD due to the impaired gastric accommodation, delayed gastric emptying and the subsequent loss of lower esophageal sphincter tone. Furthermore, as our study shows, symptoms of GP and GERD often overlap as both patients can complain of epigastric pain, abdominal bloating, nausea, and vomiting making it difficult to distinguish between the two disease processes. Given this observed overlap of symptoms, our study aimed to determine whether patients with GP and concurrent symptoms of reflux despite concurrent PPI therapy have an increased frequency and duration of non-acid reflux using impedance pH technology, as compared to those with normal gastric emptying.
Our results indicate that the total number and duration of acid, non-acid, and total reflux events was similar in GP and non-GP cases. While the number of alkaline events was slightly higher in the GP group, these alkaline reflux events represented a small percentage of the total non-acid reflux events observed (20%). Moreover, among the 35 patients who recorded symptoms during the 24 h MII-pH study, only 3 patients had a positive SAP for acid/non-acid reflux. Our findings do not support some prior studies indicating up to 40%-50% of patients with GERD have GP[12,20], and we believe that GP likely accounts for a small percentage of refractory GERD cases than previously evaluated based on conventional pH testing. Our findings based on MII-pH testing indicate that neither acid nor non-acid reflux occur more frequently in patients with GP than those without.
Since only 3 of 35 patients had a positive SAP for acid and non-acid reflux, and given our lack of statistical correlation between GP and acid or non-acid reflux, other causes of refractory GERD need to be explored to explain patients’ persistent symptoms. Notably, even the control group with refractory GERD symptoms had a poor symptom correlation with acid and non-acid reflux events.  One possible explanation may be the presence of esophageal hypersensitivity, which has been proposed previously as an underlying mechanism in this patient population[16,18,21]. Esophageal distention occurs due to increased reflux volume exposing the esophagus to acidic/non-acid components of the refluxate, which in turn leads to persistent impairment of esophageal mucosa and thus results in esophageal hypersensitivity[21]. In our study, 67% of the reflux events recorded were non-acid with no correlation to patient’s symptoms, making esophageal hypersensitivity a plausible explanation for their continued symptoms. 
Our study has some limitations. First, this study was limited to one tertiary care center and the small sample size (n = 42 total with 16 subjects with GP) compromised the overall generalizability of the study, leading to a statistical type II error. This may account for our negative findings indicating a lack of difference in acid and non-acid reflux in patients with and without GP.  Based on the mean number of acid reflux events in GP and control groups (P = 0.09), the statistical power in the current study is 8%. Post hoc power analysis suggests that to achieve 90% statistical power, a sample size of 2592 for each group is necessary. In addition, the GES testing done was not based on the current national standard protocol for obtaining GES and some of the GES studies were not obtained at our institution therefore the accuracy of the measurements may influence our results[22]. This lack of uniformity of GES testing across multiple centers introduces a potential area for error, as patients with or without GP might have been misdiagnosed given lack of standardization. Furthermore, performing the MII-pH study on PPI therapy, as done in our study, may have affected our results in terms of delaying gastric emptying as shown in several studies which could lead to a type II error. By delaying acid-dependent peptic activity, PPIs impair hydrolytic digestion and therefore delay gastric emptying[23]. This finding may have clinical implications in the management of GERD in our subjects. Future studies evaluating the effect of GP on acid and non-acid reflux should be done with subjects strictly off PPI therapy 5 days prior to testing.    Another limitation is that not all patients were maxed out on PPI therapy prior to the MII-pH study, making continued reflux a potential cause of their continued symptoms. Lastly, GES and MII-pH studies were completed on separate days and in most cases months apart and as a considerable intra-individual variability exists with gastric motility, this may also have contributed to achieving the negative results seen in this study[22]. 
Our study has several important strengths. This is the first study evaluating whether an association exists between GP and non-acid reflux analyzed by MII-pH monitoring. While GP may have been thought to be associated with refractory GERD, studies have not validated this finding using MII-pH to diagnose acid and non-acid reflux. In addition, the idea that delayed gastric emptying is associated with GERD has been the basis of using prokinetic drugs for the treatment of GERD[20]. Considering our results, it might not be necessary to start these patients on prokinetic agents in addition to acid suppression therapy, unless evidence of esophageal dysmotility is found on esophageal manometry testing, given these drugs have significant side effects and drug-drug interactions.  Other medications that improve LES pressure or decrease transient relaxations of the lower esophageal sphincter may be more beneficial for patients with any type of reflux, acid or nonacid, than perhaps improving their gastric emptying.  Moreover, our study illustrates that patients with weakly acidic and alkaline reflux likely suffer from esophageal hypersensitivity rather than continued reflux or GP as the main cause of their typical and atypical GERD symptoms. Finally, our study justifies a larger study in which a population of patients with refractory GERD off PPI therapy is evaluated for GP in close proximity to their initial MII-pH analysis combined with manometric esophageal testing. A larger study using the MII-pH as the gold standard for diagnosing non-acid reflux would better delineate whether GP and non-acid reflux are clearly associated. 
In conclusion, whether gastroparesis contributes to refractory reflux remains to be established. However, based on our pilot study, a clear relationship does not exist but further studies using larger populations of patients undergoing impedance testing for refractory reflux would help to delineate this relationship. 
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Up to 40% of patients with gastroesophageal reflux (GERD) have either a partial or incomplete response to proton-pump inhibitors. Gastroparesis has been hypothesized to be a potential cause of refractory GERD in a subset of patients. 

Research frontiers
In a case-control study, 42 patients undergoing clinical evaluation for continued heartburn and regurgitation despite acid suppression therapy were evaluated with multi-channel intraluminal impedance pH monitoring and for evidence of gastroparesis. 

Innovations and breakthroughs
Their results did not show a difference between acid and non-acid reflux events among patients with gastroparesis and those without the disease process. 

[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]Applications 
While a clear relationship between gastroparesis and refractory GERD was not shown in our study, the results could be used to conduct further studies using larger populations of patients to help further delineate the relationship. 

Terminology
Multi-channel intraluminal impedance pH monitoring is a new technology that can detect intraluminal bolus movement without radiation. When it is combined with pH testing, it can detect both acid and non-acid reflux. 
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The current study is a relevant paper dealing with a difficult to treat and often poorly assessed patient population. 
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FIGURE 1

[bookmark: OLE_LINK2639][bookmark: OLE_LINK2640]Figure 1 Comparison of the number of reflux episodes for subjects with gastroparesis and controls.  1: Total reflux events; 2: Total acid reflux events; 3: Total non-acid reflux events; 4: Non-acid reflux events pH 4-7; 5: Non-acid reflux events pH > 7. GP: Gastroparesis.

Table 1 Demographics and esophagogastroduodenoscopy results among patients with gastroparesis and controls
	
	GP
	Controls
	P-value

	Demographics
	
	
	

	Age (mean ± SD, yr)
	54 ± 14
	51 ± 13
	0.62

	Female (n)
	12
	19
	

	Males (n)
	4
	7
	

	Gastric emptying scintigraphy
	
	

	t1/2 time (mean ± SD, min)
	134 ± 59
	65 ± 13
	0.0003


	Comorbidities
	
	
	

	[bookmark: OLE_LINK2651][bookmark: OLE_LINK2652]GERD
	16
	26
	

	Irritable bowel syndrome
	2
	1
	

	Diabetes mellitus
	1
	2
	

	Hypothyroidism
	1
	4
	

	Chronic constipation
	3
	2
	

	Hepatitis C
	1
	1
	

	IBD 
	1
	0
	

	Previous surgical procedures
	
	
	

	Cholecystectomy
	4
	6
	

	Nissen Fundoplication
	3
	1
	

	EGD status
	
	
	

	Normal EGD
	6
	11
	

	Gastritis (H. pylori negative)
	7
	6
	

	Atrophic gastritis
	1
	0
	

	Fundic gland polyp
	2
	0
	

	Hyperplastic polyp
	0
	1
	

	Antacid usage
	
	
	

	H2 blocker therapy
	2
	5
	

	Daily
	1
	3
	

	bid
	1
	1
	

	tid
	0
	1
	

	PPI therapy 
	14
	15
	

	Daily
	4
	4
	

	bid
	9
	10
	

	tid
	1
	1
	

	Sucralafate
	2
	3
	

	Antacids
	1
	1
	

	No therapy 
	0
	3
	


[bookmark: OLE_LINK2648][bookmark: OLE_LINK2649][bookmark: OLE_LINK2650][bookmark: OLE_LINK2653][bookmark: OLE_LINK2655][bookmark: OLE_LINK2656]EGD: Esophagogastroduodenoscopy; GERD: Gastroesophageal reflux; IBD: Inflammatory bowel disease; H. pylori: Helicobacter pylori; PPI: Proton pump inhibitor.

[bookmark: OLE_LINK2660][bookmark: OLE_LINK2661]Table 2 Symptom association probability for patients with gastroparesis and controls
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	Gastroparesis (n)
	Controls (n)
	Positive SAP
	Negative SAP

	Chest pain
	3
	5
	1
	7

	Nausea/vomiting
	2
	4
	1
	6

	Regurgitation
	3
	4
	0
	14

	Hoarseness
	0
	4
	0
	6

	Heartburn
	5
	9
	0
	4

	Globus sensation
	2
	2
	0
	4

	Dysphagia
	4
	4
	1
	7

	Cough
	3
	7
	1
	9

	Abdominal pain
	7
	3
	0
	10

	Belching
	6
	8
	0
	14

	Bloating
	0
	2
	0
	2


SAP: Symptom association probability; MII-pH: Multichannel intraluminal impedance pH.
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Reflux Episodes Among Patients with Gastroparesis and Controls
GP	1	2	3	4	5	30.75	13.312500000000018	21.562499999999954	16.25	5.3124999999999956	Control	1	2	3	4	5	37.88461538	11.96153846	25.69230769	21.115384620000039	4.576923077	Type of Reflux Episode
Number of Episodes
