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            Abstract

            
               
OBJECTIVE: To propose a hypothesis of a novel potentially post-viral sensory neuropathic disorder, termed neurogenic dyspnea, and assess
                  the therapeutic efficacy of a trigger reduction approach in this unique patient population.
               

               METHODS: A retrospective chart review of patients seen between January 2011 and April 2018 for persistent dyspnea of unknown etiology
                  was conducted. All patients failed to improve with treatment for presumptive diagnoses of allergy, asthma, sinus disease,
                  and reflux. Patients were educated on our treatment protocol consisting of a Mediterranean style, plant-based diet with alkaline
                  water, saline irrigation, and combined azelastine/fluticasone nasal spray. Treatment response was followed using two validated
                  symptom questionnaires, Reflux Symptom Index (RSI) and Dyspnea Index (DI).
               

               RESULTS: Of 57 initial patients, 8 were included in the final analysis. Mean age was 38.8 years (range 11-68). Six (75%) patients were
                  female. All patients were followed for a minimum of 4 weeks. Using the reduction in DI and RSI as continuous variables to
                  assess response, patients experienced a 9.4 (95% CI: 3.9 – 14.9) and 14.1 (95% CI: 6.0 – 22.2) mean point reduction, respectively.
                  One patient saw a 100% and another a 95% reduction in DI. Six of eight patients experienced more than a 50% reduction in RSI.
                  
               

               CONCLUSION: We hypothesize that Neurogenic Dyspnea is a newly described clinical phenomenon with a possible post-viral etiology. This pilot study demonstrated that our trigger
                  reduction approach improved subjective symptoms in the majority of patients with unexplained dyspnea with previous treatment
                  failure for common etiologies. Further studies are required to validate these findings.
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               Introduction

            Dyspnea is a subjective feeling of breathlessness that leads to undue anxiety and stress. It is a common finding in individuals
               suffering from various forms of known laryngeal and pulmonary dysfunction 1 ,2  . Interestingly, we have observed dyspnea in patients with no organic diagnosis that would otherwise explain these symptoms.
               Many of these patients report the sensation of “air hunger,” or the inability to obtain a full breath, and are incorrectly
               diagnosed with chronic asthma despite normal pulmonary function testing and imaging, and little to no response to typical
               asthma pharmacotherapy. Recent analysis of asthma patients suggests upward of 30% of these patients are incorrectly diagnosed
               with asthma and nearly 90% are able to discontinue their asthma medication use 3 .
            

            We further present our hypothesis that a potentially post-viral change to the afferent sensory arm of the respiratory tract
               can lead to altered sensory feedback and result in a feeling of shortness of breath in the absence of true objective respiratory
               compromise. To our knowledge, this is the first case series of patients with dyspnea not related to a readily identifiable
               underlying organic cardiopulmonary pathology or anatomical abnormality. Modelled after a trigger reduction treatment regimen
               for chronic neurogenic cough 4  and paradoxical vocal fold motion 5 , we employed a therapeutic trigger reduction protocol including a 90-95% plant-based, Mediterranean style diet with alkaline
               water to decrease laryngopharyngeal reflux (LPR) 6 , saline irrigation, and combined azelastine/fluticasone nasal spray for basal post-nasal drip reduction. Theoretically decreasing
               the basal rate of nasal drainage and physiologic reflux results in less stimulation of the laryngopharyngeal tissues with
               less afferent stimulation. Additional treatments such as respiratory retraining therapy 7  and/or neuromodulatory pharmacotherapy 8  in patients who fail to respond will be reviewed. 
            

         

         
               Materials and Methods

            This is a New York Medical College IRB approved retrospective chart review conducted between January 2011 and April 2018 using
               the following ICD-9 and ICD-10 codes: R05.0, 786.05, 519.9, 519.8, 784.99, 786.09, 786.9, R06.02, J98.9, J98.8, R06.89, R06.09.
               
            

            Charts were reviewed and information was recorded on demographics, history of present illness, medical and surgical history,
               medications, allergies, pulmonary function test (PFT) results, and treatment regimen. Laryngoscopic examination was performed
               to rule out laryngeal pathology such as vocal paralysis, subglottic stenosis and other laryngeal lesions. Response to treatment
               was gauged by a change in the validated indices, Reflux Symptom Index (RSI) 9  to assess changes in laryngeal symptoms, both reflux related and other non-specific laryngopharyngeal symptoms, and Dyspnea
               Index (DI)10 , to quantify the severity of symptoms in upper airway dyspnea. A 6-point or greater reduction in RSI11  and a decrease of 4 or more for DI12 were considered clinically meaningful. 
            

             Inclusion criteria were a documented history of persistent, baseline dyspnea, DI and RSI documented on initial presentation
               and minimum 4-week follow-up, and a documented treatment regimen. Additionally, patients demonstrated prior failure to improve
               with empiric treatments for allergy, asthma, reflux and sinus disease even in the setting of normal objective findings for
               these disease states. Exclusion criteria included confirmed diagnoses of asthma, chronic obstructive pulmonary disease, congestive
               heart failure, bronchiectasis, restrictive lung disease, active pulmonary infection, stenotic disease of the upper airway,
               presence of lesions causing mass effect on the upper airway, smoking history, charts lacking documented DI and RSI, and/or
               abnormal PFT results. Some patients report a preceding upper respiratory tract infection (URI) prior to symptom onset. 
            

            Patients were educated and provided guidelines on our non-systemic, trigger reduction approach for management of dyspnea of
               unknown etiology. Intervention consisted of a Mediterranean style, 90%−95% plant-based diet for treatment of LPR: three to
               four meals weekly with 2−3 oz of any type of meat or dairy, alkaline water, and standard reflux precautions including significant
               reduction of coffee, tea, chocolate, soda, greasy or fried food, fatty food, spicy food, alcohol, or acidic foods, especially
               if they are specific triggers. In addition, patients were instructed to remain upright for 3 hours prior to sleep, eat smaller
               and more frequent meals, elevate head of bed, as well as practice sinus toilet consisting of nasal saline and a nasal steroid/antihistamine
               twice daily. Patients were instructed to spray an aerosolized saline in each nostril for 3 seconds while sniffing inward forcefully
               until the saline entered the nasopharynx and was then expectorated. They were instructed to repeat this maneuver five times
               per day. Compliance was assessed historically with patient reporting fewer than three meals per week with 3−4 oz of any animal
               product.  
            

            Statistical analysis was performed in Microsoft Excel 2016. Patients were not stratified by treatment regimen as sample size
               was not large enough to calculate the effect of individual treatment regimens on outcomes. 95% confidence intervals (CI) for
               the mean reduction in DI and RSI were determined. All statistics were calculated at α = 0.05.  
            

            

         

         
               Results

            57 patients met initial criteria, 49 of which were excluded due to medical comorbidity or incomplete chart documentation.
               Only the eight patients who met criteria with documented pre- and post-treatment DI and RSI, and a documented trigger reduction
               treatment regimen were included in this analysis. Patient demographics are displayed in Table 1. 

            Patient age range was 11 - 68 years (mean = 38.8 years) and mean time to follow-up was 7.8 weeks. There were six females and
               two males. The mean DI and RSI on initial presentation were 21.1 and 24.1, respectively. The mean DI and RSI scores at follow-up
               were 11.8 and 10, respectively. Using the reduction in DI and RSI after treatment as continuous variables to assess response,
               patients experienced a 9.4 (95% CI: 3.9–14.9) and 14.1 (95% CI: 6.0–22.2) mean point reduction, respectively. The mean percent
               reductions in DI and RSI were 36.0% (95% CI: 5.7–66.3) and 59.2% (95% CI: 35.4–83.0), respectively. One patient saw a complete
               (i.e. 100%) and another saw a 95% reduction in DI. Six of the eight patients experienced more than a 50% reduction in RSI.
               
            

            In total, seven of eight and seven of eight patients saw an absolute reduction in RSI and DI, respectively (Figures 1,2,3).
               Of the seven who saw a reduction in RSI, six had a reduction of at least six points. Of the seven who had a reduction in DI,
               they all decreased by at least four points. All eight patients received basic reflux trigger reduction therapy and azelastine/fluticasone
               nasal spray. All patients were compliant with a 95% plant-based diet with alkaline water, one patient was placed on amitriptyline
               after failure of response, and two patients underwent concurrent respiratory retraining therapy.  
            

            Of the eight patients placed on the 95% plant-based diet with alkaline water, six had a concomitant reduction in both DI and
               RSI. One patient saw no change in RSI. One patient was observed to have a slight increase (2 points) in DI. 
            

            Table 1: Patient Demographics

            
                  Figure 1
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/792031e7-7207-469e-a230-311626173e58/image/9f0ed9ea-d8d0-4e1d-bcf9-b8662e616700-uimage.png]

            Abbreviations: BMI, Body Mass Index; URI, Upper Respiratory Tract Infection; DI, Dyspnea Index; RSI, Reflux Severity Index; PBD, Plant-Based
               Diet; RRT, Respiratory Retraining Therapy
            

            
                  
                  Figure 2

                  
                     Change in Dyspnea Index (DI) and Reflux Severity Index (RSI) Following Treatment Protocol in Our 8-Patient Cohort
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                  Figure 3

                  
                     Pre- and Post-Treatment Dyspnea  Index (DI) Scores in Our 8-Patient Cohort
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                  Figure 4

                  
                     Pre- and Post-Treatment Reflux Severity Index (RSI) Scores in Our 8-Patient Cohort
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               Discussion

            Dyspnea is a subjective feeling of breathlessness often resulting in considerable anxiety and stress. Interestingly, we have
               observed dyspnea as an isolated complaint in patients with no organic diagnosis that would otherwise explain this symptom.
               Although the neural mechanisms that contribute to dyspnea remain elusive, there is growing evidence that central, peripheral,
               and chemoreceptor mechanisms are involved. Numerous types of vagal afferent receptors have been described in the respiratory
               tract, some of which have been linked to the pathophysiology of dyspnea, namely slowly adapting receptors (SARs), rapidly
               adapting receptors (RARs), and unmyelinated C-fibers 13 . Airway inflammation can occur from allergy, post-nasal drainage from sinus inflammation, laryngopharyngeal reflux, and asthma.
               Stimulation of airway afferents from these processes can result in activation of parasympathetic vagal efferents causing smooth
               muscle contraction and increased airway resistance. This can lead to the sensation of dyspnea. Interestingly, independent
               of smooth muscle contraction, the same inflammation can lead to increased afferent activity, especially of the c-fibers or
               mechanoreceptors. This afferent activity results in the sensation of dyspnea without any physical change in the airway caliber 14 .  
            

            The authors will henceforth refer to this phenomenon as Neurogenic Dyspnea (ND), defined as a sensation of shortness of breath in the absence of any physical and measurable correlate. As with chronic neurogenic
               cough, post-viral anosmia, dysgeusia, and the spectrum of vocal paresis, ND is potentially another manifestation of a post-viral
               sensory neuropathic disorder. As such, symptoms of ND are similar to the spectrum of post-viral neuropathic symptoms—chronic
               cough, globus sensation, burning and pain syndromes of the pharynx, and vocal cord dysfunction.  Often observed, patients will typically take a prolonged inspiration with chest expansion followed by abrupt exhalation,
               often while shrugging shoulders upward repeatedly throughout the evaluation. This “dyspneic gasp” is often reported by relatives
               who witness this maneuver throughout the day but do not observe it while the patient is asleep.

            Recent reports of viral-associated olfactory loss secondary to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
               infection demonstrate yet another post-viral neuropathic sensory deficit 15 , 16 . It is indeed intriguing to consider ND as a potential etiology of the breathlessness and shortness of breath in many of
               the post-COVID “long-haulers” who present without physical explanation for their symptoms 17 , 18 .

            In our eight-patient cohort, two subjects were previously diagnosed with asthma by another provider. Only one was receiving
               asthma pharmacotherapy, with no relief of her dyspnea, despite normal PFT findings at initial presentation with no evidence
               of bronchial hypersensitivity during functional testing. Aaron et al. demonstrated that a third of patients with physician-diagnosed
               asthma were misdiagnosed and subsequently weaned off their medications 3 . Review of our entire population demonstrated similar rates of normal PFT findings of approximately 30% (data not published).
               Our cohort of patients in this initial pilot study and definition of the disease, all patients had normal PFT. As such, in
               the absence of clinical or laboratory evidence of asthma, we propose that ND may be responsible for some of the unexplained
               perception of shortness of breath in a subset of these patients. 
            

            Symptom presentation is often skewed by underlying psychiatric influence. Dyspnea, especially in this ND population, is often
               treated for months or years without significant relief adding to the anxiety. Underlying mood disorders can heighten dyspnea
               with depression and anxiety commonly being present in many respiratory diseases 17 , often with normal pulmonary function18 . The central processing of respiratory symptoms can be modified by emotions with the anterior cingulate cortex and insula
               regulating the sensory response to respiratory stimuli. These two brain regions may be hyperresponsive in those with stress-related
               conditions through unclear neural mechanisms19 . In our cohort with suspected ND, only three of eight reported having an anxiety disorder, possibly from underreporting or
               because a mood disorder was not the primary etiology driving this multifactorial disease process. Nonetheless, psychotherapy,
               in conjunction with other modalities, may be beneficial to select patients with a known or suspected mood disorder contributing
               to their perceived shortness of breath. Furthermore, there is evidence that gender affects the perception of dyspnea, with
               women suffering more strongly from dyspnea than men, likely from sex hormone differences 20 . Our data concurs with this observed gender disparity, as 75% of our cohort were females. 
            

            In the absence of laryngeal and cardiopulmonary abnormalities following an extensive diagnostic workup, initial treatment
               for ND is warranted with a trigger reduction approach similar to that used in the management of neurogenic chronic cough 4 . Our approach utilizes a plant-based Mediterranean-style diet combined with alkaline water and standard reflux precautions
               for LPR and sinus toilet consisting of nasal saline irrigation and a nasal steroid/antihistamine combination for postnasal
               drainage reduction. The peripheral neuronal hyperexcitability of the tracheobronchial tree is mediated by a combination of
               peripheral and central sensitization via upregulation of a host of receptors implicated in the pathogenesis of dyspnea. Transient
               receptor potential (TRP) ion channels, notably TRPV1, and acid-sensing ion channels (ASIC) represent two such types of receptors
               expressed on vagal afferent C-fibers that innervate the respiratory tract and are activated by a decrease in the extracellular
               pH 21 , such as in the case with LPR. Additionally, increases in carbon dioxide, as seen with increased activity, can result in
               localized reduction of pH, especially in the setting of inflammation22 . To theoretically dampen the peripheral stimulation triggered by postnasal drainage, our regimen can potentially thin out
               and decrease the total amount of mucus, with its mix of cytokines and inflammatory mediators, draining into the nasopharynx.
               This approach may decrease the stimulation of various mechano- and chemoreceptors implicated in the pathogenesis of dyspnea
               throughout the respiratory tract 5 .  
            

            Furthermore, exposing human bronchial epithelium to a variety of respiratory viruses upregulates ASIC and TRPV1 expression,
               potentially contributing to the post-viral hypersensitivity often observed in dyspneic patients with no identifiable etiology23 . In our cohort, three patients reported having an URI just prior to the onset of their shortness of breath. Three patients
               reportedly did not experience an URI while two were unsure. Although our study weakly supports a post-viral vagal neuropathy
               as the underlying cause, it is possible that the other 62.5% either had a subclinical presentation of a viral URI or were
               unable to recall having had an URI, reflecting an inherent problem of this retrospective study. Recall of URI symptoms are
               often similar in patient populations presenting with acute sensorineural hearing loss, Bell’s palsy, and acute vocal fold
               paresis. Increased expression results in increased sensitivity of the airway afferents. Increases in peripheral afferent neuronal
               activity secondary to hypersensitivity can result in synaptic augmentation resulting in central sensitization resulting in
               increased cough and the sensation of dyspnea 24 . Trigger reduction, reducing inflammatory mediators, can result in potential alleviation of these symptoms. 
            

            Seven of our eight patients reported improvement in the severity of their laryngopharyngeal and reflux symptoms, as evidenced
               by an absolute reduction in RSI following our trigger reduction approach. Of these seven subjects, six experienced a clinically
               significant response, as suggested by a reduction of at least six points. Since the subjective sensation of shortness of breath
               was the most distressing complaint in this cohort with suspected ND, our therapeutic protocol aimed to achieve at least a
               four-point change in DI to effect a clinically meaningful response as the primary outcome. Of eight patients, seven achieved
               this outcome, reporting improvement in the severity of their dyspnea post-treatment. 
            

            For patients who fail trigger reduction alone, respiratory retraining therapy can be an effective adjunct, as positive results
               have been observed in patients treated for paradoxical vocal fold motion 25  and neurogenic cough 26 . Psychotherapy may be beneficial for those with comorbid disorders. For dyspnea refractory to trigger reduction for six weeks
               followed by respiratory retraining therapy, pharmacotherapy can start with a trial of amitriptyline. Gabapentin is typically
               used first in the older population due to its fewer side effects and drug interactions. If these medications fail, tramadol
               followed by pregabalin can be considered 27 . 
            

            There are several inherent biases and limitations in this pilot retrospective study. The primary limitation of this study
               is the low number of subjects evaluated. Additionally, reflux testing was not performed. Although all patients were instructed
               to practice standard reflux precautions, whether full compliance with our plant-based, Mediterranean-style LPR diet was achieved
               is uncertain. We also acknowledge that our treatment approach consisting of sinus toilet and diet may exert a placebo effect
               that can influence the patients’ response to the subjective questionnaires, whose validity has been questioned in the literature 28 . Furthermore, without a control group, it is unknown whether our therapeutic protocol effected a change in patient symptoms.
               Randomized controlled trials with a larger sample size are required to support the results of this study and further confirm
               our hypothesis. 
            

            

         

         
               Conclusions

            Similar to the proposed pathophysiology of laryngeal dysfunction where irritants, inflammation, or infection may lead to sensitization
               of neuronal reflexes, we postulate that this observed phenomenon is also neurogenic in etiology and is perhaps a form of vagal
               neuropathy that results from the sensitization of neuronal receptors responsible for respiratory drive. Neurogenic dyspnea
               represents another potential post-viral sensory neuropathy affecting the upper aero-digestive tract. In patients with a subjective
               sensation of dyspnea in the absence of physical findings, a normal pulmonary workup, or poor treatment response for asthma,
               ND should be considered. Morbidity, cost, and anxiety associated with chronic asthma treatment can be avoided. Treatment with
               a trigger reduction approach using a 95% plant-based Mediterranean style diet and alkaline water to treat LPR combined with
               reduction of the basal rate of nasal drainage using saline irrigation, intranasal steroids, and antihistamine can improve
               subjective symptoms in the majority of patients presenting with this condition.  
            

            Abbreviations: ASIC: acid sensing ion channel; CI: confidence index; DI: dyspnea index; LPR, laryngopharyngeal reflux; ND: neurogenic dyspnea;
               PFT: pulmonary function test; RAR: rapidly adapting receptors; RSI: reflux severity index; SAR: slowly adapting receptors;
               SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus-2; TRP: transient receptor potential; URI: upper respiratory infection
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