New aspects in the pathomechanism and diagnosis of LPR – Clinical impact of laryngeal proton pumps and pharyngeal pH metry in extraesophageal GERD
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Pathomechansim and diagnosis of LPR 
Abstract

Background: Pathophysiology and objective diagnosis of laryngopharyngeal reflux (LPR) is still unclear. Correlation between Gastroesophageal Reflux Disease (GERD), LPR-symptoms and response to proton pump inhibitors (PPI) is poor. Recently, laryngeal proton pumps (H+K+-ATPase) were identified and linked as a potential causative condition for LPR. However, clinical significance is unclear. Pharyngeal pH-metry was introduced to clinical procedures despite its role in diagnosis of atypical GERD is of questionable impact.

Study aim was to determine laryngeal H+K+-ATPase and pharyngeal pH in patients with LPR-symptoms and to assess symptom scores during PPI therapy. 
Study Design: Prospective Series

Methods: Endoscopy was performed to exclude neoplasia and to take biopsies from the post cricoid area (Immunohistochemistry and PCR analysis). Immunohistochemical staining was performed with monoclonal mouse antibodies against human H+K+-ATPase. Quantitative real-time RT-PCR for each of the both H+K+-ATPase subunits was performed. pH values were assessed in the aerosolized environment of the oropharynx (DxpH Catheter) and compared to a subsequently applied combined pH/MII measurement.

Patients and Results: 20 patients with LPR symptoms were included. In only one patient, laryngeal H+K+-ATPase was verified by immunohistochemical staining. In another single patient, real-time RT-PCR for each of the both H+K+-ATPase subunits were positive. 14/20 patients had pathological results in DxpH; 6/20 patients had pathological results in pH/MII. Four patients had pathological results in both functional tests. 9/20 patients responded to PPIs. 

Conclusion: Laryngeal H+K+-ATPase can only be detected sporadically in patients with LPR symptoms and are unlikely causal for LPR symptoms. Alternative concepts of pathomechanism must be discussed. The role of pharyngeal pH-metry remains unclear, clinical use can only be recommended in patient study setting. 
Ethics Committee of the Technical University of Munich (Study Number 5024/11)
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Background

Incidence of laryngopharyngeal reflux (LPR) has experienced a dramatic growth in the last years (1). LPR-manifestation includes numerous clinical relevant symptoms like chronic cough, globus sensations in the throat, asthma, chronic sinusitis, subglottic stenosis, laryngospasm, halitosis, hoarseness and dysphonia (2, 3). These symptoms remain a diagnostic and therapeutic challenge for involved physicians.
The pathomechanism of LPR is still unclear. Most discussed theory is that symptoms might be caused by direct alteration of the pharyngeal and laryngeal mucosa by gastric content as a consequence of gastroesophageal reflux disease (GERD). To objectify gastroesophageal reflux episodes leading to LPR symptoms, beside 2-channel pH-metry, the combination of pH-metry of the distal esophagus and multichannel impedance monitoring (pH/MII) seems to be the most sensitive objective diagnostic tool (4, 5). Based on the actual hypothesis of LPR pathomechanism, standard therapy is high dose proton pump inhibitor therapy for up to 6 months (6). However, in randomized trials, there is insufficient evidence to conclude that treatment with PPI is superior to placebo (7). Nevertheless, there are data suggesting that LPR-patients might benefit from antireflux surgery (8). However, correlation between GERD, LPR symptoms and response to PPI is comparatively poor and an interventional antireflux therapy (e.g. Fundoplication) might harbor significant risks. In a recently published study we were able to demonstrate, that a pathological acidic environment in the oropharynx in LPR-patients did not show any correlation to objectified gastroesophageal reflux episodes (9). These results were reconfirmed by another study with the same design (10).  Based on these data, the generally accepted pathomechanism of the direct alteration of laryngeal epithelium by gastric content resulting in LPR-symptoms needs to be reconsidered and alternative mechanisms discussed. 

Actual data raising the possibility, that LPR symptoms might also be a result of laryngeal acid production (11) caused by extra-gastral, laryngeal H+/K+-ATPase proton-pumps. H+K+-ATPase proton pumps were identified by immunohistochemistry in pathologic specimens of the larynx. Hence, it seems to be conclusive, that local laryngeal acid production might be responsible for LPR symptoms because the laryngeal area is very sensitive to acid (10). To objectify laryngeal acid levels, selective pH values in the aerosolized environment can continuously be assessed by a pH measurement system. Herewith the pH-antimon probe is placed in the oropharynx without passing the upper sphincter of the esophagus (DxpH Catheter, Restech, San Diego, USA). The teardrop-shaped tip keeps liquids out of the pH-sensor at the end of a catheter. Only pH values of aerosols are detected and reference values are available. 

The aim of this study was to correlate laryngeal H+K+-ATPase expression, results of the pharyngeal pH metry, pH/MII and symptom response to PPI therapy to evaluate laryngeal acid production as a potential alternative pathomechanism of LPR symptoms

Methods

Between June 2011 and December 2012, a total of 20 consecutive patients (male =11; age 40-78 years) with oropharyngeal symptoms suspicious for atypical GERD were included. The study was approved by the Ethics Committee of the Technical University of Munich (Study Number 5024/11). All authors had access to the study data and had reviewed and approved the final manuscript. Before study inclusion, PPIs had to be stopped for at least 14 days. Informed consent to participate in the study and to evaluate data was obtained from all patients. To exclude neoplasia or erosive reflux diseases, upper endoscopic examination was performed under conscious sedation with propofol in accordance to German medical practice regulations (12). Standard biopsies (Radial Jaw® 4 Biopsy Forceps, Boston Scientific) were taken from the post cricoid area during the same session under direct supervision of an experienced Otolaryngologist (SG) (two biopsies for PCR analysis, two biopsies for immunohistochemistry) (image 1). 
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Image 1: Endoscopic biopsies from the post cricoid area.
Dx-pH measurement

Dx-pH measurement was performed in accordance to manufactures recommendation and to previous reports (13, 14). The Dx-pH catheter was placed in the oropharynx at the uvula level and fixed under visual control using the system included light-emitting diode. Data were recorded for at least 22 hours. Patients were asked to keep records for meals, supine or upright position. Dx-pH was pathological if Ryan Score was >9.4 in an upright position (pH<5.5) or >6.8 in a supine position (pH<5.0) (13).
pH/MII monitoring

Combined pH/ MII monitoring was performed using a commercially available multi-channel, intraluminal impedance system (Tecnomatix ZAN S 61 C 01 E, Sandhill Scientific, Highlands Ranch, CO, USA). The pH/ impedance probe (six impedance-electrodes as well as a distal pH-antimon probe) was placed with the pH antimon sensor 5cm above the manometrically predefined lower esophagus sphincter. Data were recorded for at least 22 hours. Data analysis and interpretation regarding acid or non-acid reflux episodes was performed in accordance with previous reports (16, 17). pH-metry was considered pathological, if pH level was below 4 for more than 4%. Impedance monitoring was evaluated pathological when more than 73 fluid and/ or mixed reflux episodes were detected during monitoring period (17). Evaluation of impedance monitoring was performed by experienced examiners (V.B., M.B., C.S.) without using commercially available software algorithms.
Quantitative reverse-transcriptase PCR

Total RNA was isolated from tissue biopsies using the RNeasy Mini kit (Qiagen, Hilden, Germany) following the manufacturer`s instructions. To remove genomic DNA, samples were treated with DNAse (RNase Free DNase Set Qiagen, Hilden, Germany). Isolated total RNA was reverse transcribed into complementary DNA (cDNA) using random hexamere primers, essentially as described before (18). Quantitative mRNA analysis was performed using real-time PCR with SYBR ®Green dye (applied biosystems®, life technologies™, Darmstadt, Germany) and standard curves exactly as previously described (19, 20). As a housekeeping gene, Cyclophilin was used for normalization. The following primers were used for amplification of the alpha and beta subunit of the human H+K+-ATPase: alpha subunit forward primer: CTTTGCCATCCAGGCTAGTGA, reverse primer: GGTGACGACAACCACAGCAAT; beta subunit forward primer: CCAGGTGGGTGTGGATCAG and reverse primer: GAGGCACAGGGCGAAGAG (www.eurofinsdna.com).

Hematoxylin and Eosin Stain and Immunohistochemistry 

For histopathological analysis (image 2), tissue biopsies were fixed in 4% buffered formalin, embedded in paraffin, sectioned (2.5µm thick) and stained with hematoxylin and eosin as previously described (21). For immunodetection, formalin-fixed paraffin-embedded tissue sections were deparaffinized in Histo-Clear (Roti®-Histol, Carl Roth GmbH, Karlsruhe, Germany) and Ethanol. To recover antigens, sections were incubated in antigen unmasking solution (pH 9, Vector Laboratories, Burlingame, CA) and placed in a microwave for 15 minutes at 360 watt. The following primary antibodies were used for immunostaining: Anti-Proton pump/H+K+-ATPase α subunit (1:285; D031-3, Clone 1H9), H+K+-ATPase β subunit (1: 285; D032-3, Clone 1B6; both from MBL ® international corporation, Woburn, MA). Primary antibodies were followed by secondary antibodies conjugated to biotin (Vector Laboratories). Peroxidase conjugated streptavidin was used with 3,3’-diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich, Munich, Germany) as chromogen for detection as described (22). Sections were counterstained with hematoxylin. As positive controls, biopsies from human corpus mucosa were used.
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Image 2: Immunohistochemical analysis of H+K+-ATPase expression (brown color) in formalin fixed, paraffin embedded human laryngeal tissue.

Patients and Results

All clinical examinations were tolerated adequately without any complications. We did not experience any technical failure. Upper endoscopic examination did not reveal any relevant pathology, such as neoplasia or severe erosive esophagitis.
20 patients with LPR symptoms were included (table 1). 14/20 patients had pathological results in DxpH; 6/20 patients had pathological results in pH/MII. Four patients had pathological results in both functional tests. In one patient, laryngeal H+K+-ATPase expression was verified by immunohistochemical staining. In this patient DxpH and pH/MII showed pathological results, PPI response was reported. In another patient, real-time RT-PCR for each of the both H+K+-ATPase subunits were positive. Pathological results were assessed by DxpH, regular results in pH/MII measurements, PPI response was noted as positive (figure 1). 

Symptom relieve (at least reduction of three points on a ten point scale) to PPI was reported in 9 of 20 patients. In patients with pathological DxpH, 9 of 14 patients reported significant symptom relief. 70% of the patients had pathological results in DxpH, only 30% of the patients were pathological in pH/MII.
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Figure 1: Pathological results of respective diagnostic procedures and therapy response (number of patients).
Discussion

Primary aim of the study was to correlate laryngeal H+K+-ATPase expression, results of the pharyngeal pH-metry, pH/MII and symptom response to PPI therapy to evaluate laryngeal acid production as a potential alternative pathomechanism of LPR symptoms. 
Since identification of laryngeal H+K+-ATPase proton pumps in pathologic specimens by immunohistochemistry, clinical significance of laryngeal H+K+-ATPase proton pumps is discussed controversy (11). Our study group was able to verify a pathological acidic environment in the oropharynx in most of the examined LPR-patients without any correlation to objectified gastroesophageal reflux episodes (9). This supports the theory of laryngeal acid production. However, pharyngeal acid levels were only documented with the Dx-pH system. As reported in previous trials, Dx-pH more often detects pathological acid pH levels compared to standard pH/MII. On the other hand, the pharyngeal system regularly misses proximal pH exposure documented in regular pH/MII (9, 10). Hence, clinical significance of this Dx-pH system is not clear. In the current study, 70% of the patients had pathological results in Dx-pH, whereas only 30% of the patients had pathological results in pH/MII. 
As mentioned above, potentially the Dx-pH system detects a relevant number of false-positive patients, regarding the matter, that pH/MII is the gold-standard. But, one might speculate that the evidence of laryngeal H+K+-ATPase proton pumps is much higher in patients with LPR symptoms. This might explain the pathological acid environment of the oropharynx in patients with excluded gastroesophageal reflux. Non-detection of H+K+-ATPase could be explained in different ways. First, H+K+-ATPase are only located in seromucinous glands of the human larynx, not in squamous epithelium. Due to endoscopic sampling error with random biopsies during standard endoscopy, submucosal glands with H+K+-ATPase proton pumps can easily be missed as previously described in Barretts esophagus (23). In our study, submucosal glands were only detected in one patient. In this patient, immunohistochemistry was positive. Second, the idea of an “activated” or “inducible” state of the proton pumps needs to be discussed (24). Inflammation, infection or gastroesophageal reflux might “activate” H+K+-ATPase proton pumps which results in increased proton secretion (24, 25). It might be of clinical interest whether both laryngeal H+K+-ATPase proton pumps and gastric H+K+-ATPase proton pumps respond to PPI therapy. As confirmed by the Altman group, alpha and beta subunits of H+K+-ATPase proton pumps are the same components as found in the stomach (11). So it can be assumed that PPI therapy should be an effective therapy for LPR patients. However, the concentration of laryngeal H+K+-ATPase proton pumps is much lower compared to the stomach (26). Compared to the distal esophagus, relatively low acid levels might result in relevant symptoms, because the larynx area is extremely sensitive to pH alterations (10). This might explain the need for high dose, long time PPI therapy in LPR patients to terminate proton secretion and resolve symptoms. 

However, in our opinion, detection of only one patient with histopathological evidence of H+K+-ATPase and one patient with positive PCR makes the theory of laryngeal H+K+-ATPase proton pumps as causation for LPR symptoms very unlikely. We conclude that laryngeal H+K+-ATPase proton pumps are without any clinical relevance in patients with LPR symptoms. Alternative concepts of pathomechanism must be discussed including the fact that a pathological acidic environment in the oropharynx in LPR-patients can occur without any correlation to objectified gastroesophageal reflux episodes. Still, it is important to state that this is a feasibility study with respective limitations including the small number of patients and single-center setting. 
As already mentioned, results and clinical significance of pharyngeal pH testing are discussed controversial. Recently a study group reported in patients with atypical reflux symptoms in a retrospective chart review a better symptom relieve after surgical antireflux procedures in the group with pathological results in pharyngeal pH monitoring compared to the study group with pathological results in esophageal pH testing. Median follow up was 18 months (28). However, the study has several limitations. Symptom relieve was only judged as a symptomatic parameter, no objective data with the Dx-pH system were analyzed. This would have been very interesting for the pathomechanism of LPR. Furthermore, only patients with previous performed esophageal and pharyngeal pH testing were included retrospectively which leads to a relevant patient selection. Hence, the impact of the study results are unclear. To objectify gastroesophageal reflux episodes leading to LPR symptoms, multichannel impedance monitoring (pH/MII) is regarded to be the most sensitive objective diagnostic tool (4). Questionable is the fact, that simultaneous measurements of combined pH/MII and Dx-pH did not show any correlation between both measurements (10). Furthermore, in almost 90% of all proximal reflux episode detected by MII were missed by the pharyngeal probe, but data are reproducible (9). So it is not clear what the pharyngeal pH probe is really testing. Based on this data, results of pharyngeal pH metry should not be used to establish diagnosis of laryngopharyngeal reflux or to guide therapy including surgical anti-reflux procedures.
In conclusion, laryngeal H+K+-ATPase can only be detected sporadically in patients with LPR symptoms and are unlikely causal for LPR symptoms. Alternative concepts of pathomechanism must be discussed. The role of pharyngeal pH-metry remains unclear, clinical use can only be recommended in patient study setting.

Appendix
	No
	Gender
	Age
	pHDx
+ path
	Impedance
+ path
	Epithelium /Glands

+ pos
	Immuno-histo
+ pos
	PCR
+ pos
	Therapy response
+ pos

	1
	m
	74
	+
	+
	-
	-
	-
	+

	2
	f
	49
	+
	-
	-
	-
	-
	-

	3
	m
	78
	+
	+
	-
	-
	-
	-

	4
	m
	57
	-
	-
	-
	-
	-
	-

	5
	m
	46
	+
	-
	-
	-
	-
	+

	6
	f
	59
	+
	+
	+
	+
	-
	+

	7
	m
	53
	-
	-
	-
	-
	-
	-

	8
	f
	40
	-
	-
	-
	-
	-
	-

	9
	m
	52
	+
	+
	-
	-
	-
	+

	10
	m
	46
	+
	-
	-
	-
	-
	-

	11
	f
	62
	+
	-
	-
	-
	+
	+

	12
	f
	77
	+
	-
	-
	-
	-
	-

	13
	f
	63
	-
	-
	-
	-
	-
	-

	14
	m
	51
	+
	-
	-
	-
	-
	-

	15
	f
	64
	+
	-
	-
	-
	-
	+

	16
	f
	75
	+
	-
	-
	-
	-
	+

	17
	m
	55
	-
	+
	-
	-
	-
	-

	18
	m
	53
	+
	-
	-
	-
	-
	+

	19
	f
	75
	+
	-
	-
	-
	-
	+

	20
	m
	65
	-
	+
	-
	-
	-
	-


Table 1: Patient data and results. 
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Tabelle1

				Spalte1

		Total no.		20

		pHDx path.		14

		ph/MII path.		6

		PCR +		1

		Histopathology +		1

		Therapy response		9
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