Christian Larger 
  
PhD Daniel Isabey 
  
André Coste 
  
MD-PhD Jean F Papon 
  
PhD Bruno Louis 
  
MD Emilie Bequignon 
  
MD Marie Devars Du Mayne 
  
MD Francoise Zerah-Lancner 
  
MD- PhD Andre Coste 
  
Pr Jean 
  
François Papon 
email: jean-francois.papon@aphp.fr
  
  
  
  
  
OUR EXPERIENCE: Nasal Compliance Measurement for Diagnosis of Idiopathic Non-Allergic Rhinitis: a Prospective Case-Controlled Study of 63 Patients

   

Nasal compliance measurement for diagnosis of idiopathic non-allergic rhinitis: A prospective case-controlled study of 63 patients

Five Key points

• Idiopathic non allergic rhinitis (i-NAR) is a frequent cause of non-allergic rhinitis and associates nonspecific symptoms. There is no simple direct procedure to establish i-NAR diagnosis.

• Diagnosis of i-NAR is currently based on an absence of a definite causal factor and a lack of evidence for IgE-mediated allergy by skin prick tests and allergen-specific serum IgE

• Measurement of nasal compliance with acoustic rhinometry evaluates the vasomotricity-related deformability of the nasal mucosa. It has been already suggested that nasal compliance could be abnormal in i-NAR.

• In this prospective case-controlled study of 42 patients with chronic rhinitis and 21 control patients, after topical decongestion, compliances in i-NAR group were significantly increased compared to allergic rhinitis (AR) and Control group (n=21) (p<0.01).

• Measurement of nasal compliance after topical decongestion allows to objectively and non-invasively discriminating i-NAR from AR. Keywords: nonallergic rhinitis, allergic rhinitis, nasal compliance, acoustic rhinometry, nasal obstruction, rhinomanometry. Among the non-allergic rhinitis, the idiopathic non allergic rhinitis (i-NAR), also called vasomotor rhinitis, is the most frequent, affecting up to 50 million people in Europe 1 . The phenotype of i-NAR is heterogeneous, associating nonspecific symptoms such as chronic nasal obstruction, rhinorrhea and nasal hyperreactivity to non-allergic stimuli [START_REF] Bousquet | Important research questions in allergy and related diseases: nonallergic rhinitis: a GA2LEN paper[END_REF] . The etiology and pathophysiology of i-NAR are unknown to date. Moreover, there is no simple diagnostic procedure allowing detection of i-NAR in daily clinical practice. Thus, diagnosis of i-NAR is currently based on an absence of a definite causal factor and a lack of evidence for allergic rhinitis (AR) IgE-mediated [START_REF] Bousquet | Important research questions in allergy and related diseases: nonallergic rhinitis: a GA2LEN paper[END_REF] .

Abbreviations

We developed a noninvasive method to characterize the nasal mucosa deformability represented by the nasal compliance [START_REF] Brugel-Ribere | Segmental analysis of nasal cavity compliance by acoustic rhinometry[END_REF][START_REF] Papon | Nasal wall compliance in vasomotor rhinitis[END_REF] . We have previously demonstrated that nasal compliance is related to the filling of the capacitance vessels of the nasal mucosa in healthy controls and it usually decreases after topical application of a decongestant 2 .

Using the same method in patients with i-NAR, we found an abnormal compliant response of the nasal mucosa in patients with i-NAR compared with healthy control subjects (i.e.the topical decongestant does not induce a decrease but an increase in nasal compliance in i-NAR) [START_REF] Papon | Nasal wall compliance in vasomotor rhinitis[END_REF] .

Our objective was to evaluate whether nasal compliance measurement could help in differentiating i-NAR from AR.

Methods

Ethical considerations

All the tests were part of the routine clinical care of our patients and no additional interventions were required. Informed consent was obtained from all patients, and this study was approved by the Local Ethics Committee.

Subjects

All patients consecutively referred to our center during 6 months for chronic rhinitis with similar nasal symptoms of nasal discharge and nasal obstruction, were prospectively investigated. The symptoms were classified as intermittent or persistent and the rhinitis was classified as mild or moderate-severe, according to the 2007 Allergic Rhinitis and its Impact on Asthma workshop [START_REF] Bousquet | ARIA (Allergic Rhinitis and Its Impact on Asthma) classification of allergic rhinitis severity in clinical practice in France[END_REF] . All patients underwent a nasal endoscopic examination to evaluate the aspect of mucosa, secretions and the presence of turbinate swelling. Rhinitis was diagnosed by means of history, clinical examination and, if necessary, by sinus CT scan in order to exclude sinusitis. Patients with conditions such as smoking, pregnancy, nasal anatomical aberrations, chronic rhinosinusitis with and without polyps, infectious and occupational rhinosinusitis as well as hormonal dysbalance and drug-induced rhinitis were excluded. Patients with previous medical or surgical treatment for chronic rhinitis were also excluded. A control group of healthy snorers free of nasal symptoms and with normal nasal endoscopy, was included.

Functional tests

For each patient, immunologic tests, rhinomanometry, nasal compliance measurement were performed because of chronic nasal obstruction. Skin-prick tests for common inhalant allergens were performed with commercial extracts (Allerbio, Varenne en Argonne, France), according to the method described by Pepys [START_REF] Pepys | Skin test in diagnosis[END_REF] . Blood immunoglobulin (Ig) E antibodies to a specific allergen was used when skin testing was unsuccessful or unfeasible. As previously described [START_REF] Papon | Nasal wall compliance in vasomotor rhinitis[END_REF] , posterior rhinomanometry was used to determine uni and binasal resistances. The nasal compliances were estimated from the measurements of the longitudinal area profiles of the nasal cavity obtained by acoustic rhinometry 2,3 when different steady pressures were applied to the nostril, i.e., atmospheric pressure (Patm) -2, -4, -6, -8, and -10 cmH2O.

Compliance per unit length was defined as the ratio between the variation of area and the variation of steady pressure applied to the nasal cavity and was calculated into three distinct physiological segments: the internal nasal valve, the inferior turbinate and the middle meati [START_REF] Brugel-Ribere | Segmental analysis of nasal cavity compliance by acoustic rhinometry[END_REF][START_REF] Papon | Nasal wall compliance in vasomotor rhinitis[END_REF] .

Statistical analysis

According to the symptoms and the results of skin prick-tests, the patients were classified into two groups (patients with AR and patients with i-NAR). We calculated the compliance before and after topical decongestion in the three segments. Comparison of the AR, the i-NAR and the control group (C group) was performed with a statistical software package (statistica v7) using non parametric test (Kruskal-Wallis test) and chi2 test for the qualitative variables (gender and rhinitis severity). A p value < 0.05 was considered significant. The estimated sensitivity, specificity, of nasal compliance for the diagnosis of i-NAR were evaluated using ROC curve and area under curve (AUC).

Results

Forty-two patients with chronic rhinitis and twenty-one control patients were studied.

Subject's characteristics are reported in table 1.

There was no significant difference in nasal resistance between AR and i-NAR groups (table 1) nor in minimal cross-sectional area before and after topical decongestion.

Before topical decongestion, the compliance of the valve was not significantly different between the AR and i-NAR groups. The compliance of the inferior turbinate segment and the middle meatus segment were significantly decreased in the AR compared to the i-NAR group and the C group (figure 1).

After topical decongestion, compliances of valve, inferior turbinate and middle meatus segments were significantly increased in the i-NAR group compared to the other groups (figure 1). In the inferior turbinate and middle meatus segments, compliance variations due to decongestant were significantly increased in i-NAR (compliance variation = + 0.04 cm 2 /cm H2O in the middle meatus segment) than in the other groups (figure 1).

The area under the curve (AUC) of the ROC curves was ≥ 0.73 for each tested parameter (figure 2). The post-decongestant compliance of the middle meatus segment presented the best AUC (0.97). For the post-decongestant compliance of the middle meatus segment, a cutoff of 0.041cm 2 /cm H2O gave 90.4% sensitivity and 90.4% specificity for i-NAR diagnosis. The cutoff values of 0.017 cm 2 /cm H2O and 0.060 cm 2 /cm H2O gave 100% sensitivity (78% specificity) and 100% specificity (76% sensitivity), respectively.

Discussion

Synopsis of new findings

Here we proposed a new application of the measurement of nasal compliances to differenciate i-NAR from AR. After topical decongestion, nasal compliances in the i-NAR group were significantly increased unlike the compliances of AR and C groups.

Strengths of the study

To date, there is no simple direct procedure to establish i-NAR diagnosis [START_REF] Bousquet | Important research questions in allergy and related diseases: nonallergic rhinitis: a GA2LEN paper[END_REF] . This casecontrolled prospective study improves the understanding of the pathophysiology of AR and i-NAR. In AR, nasal compliances are reduced before topical decongestion as compared to the values of the control group. This result is consistent with the frequent turbinate swelling observed in AR patients, leading to alteration in nasal mucosa mechanical properties. AR subjects may actually exhibit less deformability of the vaso-erectile tissues. In i-NAR, unlike AR and C groups, nasal compliance is increased after decongestion suggesting an increased deformability of the mucosa.

Our results noteworthy support two of the numerous pathophysiological mechanisms proposed in i-NAR [START_REF] Bousquet | Important research questions in allergy and related diseases: nonallergic rhinitis: a GA2LEN paper[END_REF] . The first hypothesis is an imbalance between the sympathetic and the parasympathetic tones [START_REF] Jones | Vasomotor rhinitis[END_REF] . In this theory, i-NAR may associate decreased activity of the sympathetic system, leading to nasal obstruction via a relative hyperactivity of the parasympathetic system [START_REF] Jones | Vasomotor rhinitis[END_REF] . The second hypothesis is a hyperactivity of the non-adrenergic noncholinergic autonomous system in i-NAR [START_REF] Wolf | New aspects in the pathogenesis and therapy of hyperreflexive rhinopathy[END_REF] . In this theory, an abnormal sensitivity of the sensitive C-fibers of the nasal mucosa could result, after nonspecific stimulation, in a local secretion of vasodilator neuropeptides that may either stimulate the vascular receptors or positively modulate the parasympathetic neurotransmitters.

Comparisons with other studies

Diagnostic tests have already been reported in other studies but they are either non specific or difficult to perform in clinical practice. Nasal histamine-and capsaicin-provocation tests do not allow to distinguish i-NAR patients from healthy subjects [START_REF] Braat | Intranasal cold dry air is superior to histamine challenge in determining the presence and degree of nasal hyperreactivity in nonallergic noninfectious perennial rhinitis[END_REF][START_REF] Sanico | Comparison of nasal mucosal responsiveness to neuronal stimulation in non-allergic and allergic rhinitis: effects of capsaicin nasal challenge[END_REF] . Nasal metacholineprovocation test enables to distinguish i-NAR patients with hypersecretion from healthy subjects but this test is not efficient for i-NAR patients with nasal obstruction [START_REF] Gerth Van Wijk | Nasal reactivity to histamine and methacholine: two different forms of upper airway responsiveness[END_REF] . Finally, nasal provocation with cold and dry air is helpful for differentiating the i-NAR patients from healthy subjects but this test is time-consuming and requires highly standardized conditions. Moreover, this procedure was never tested to discriminate AR from i-NAR [START_REF] Braat | Intranasal cold dry air is superior to histamine challenge in determining the presence and degree of nasal hyperreactivity in nonallergic noninfectious perennial rhinitis[END_REF] .

Clinical applicability of the study

Compliance measurement can help clinicians to find the etiology of rhinitis. This measurement is based on a noninvasive method (i.e. acoustic rhinometry) with no side effects and a low cost. This technique is easy to perform and requires minimal patient's cooperation.

Based on our experience, the average duration of a complete assessment is about 20 minutes per patient. However, the applicability will have to be confirmed in a larger study as the sample size of the different groups is small. This pilot study would be a reference to the number of patients calculation.

In conclusion, evaluation of nasal compliance after topical decongestion appears as a helpful tool to objectively differentiate i-NAR from AR. Our results could have an interest in clinical practice, since the clinical presentation of i-NAR is not specific, e.g. the presence of nasal hypereactivity can also be found in perennial AR [START_REF] Bousquet | Important research questions in allergy and related diseases: nonallergic rhinitis: a GA2LEN paper[END_REF] . 
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 1 Figure 1: Compliance of the valve segment, the inferior turbinate segment and the middle
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 2 Figure 2: ROC curves for nasal compliance parameters. Left: ROC curves of the compliance

Table 1 :

 1 Characteristics of included subjects (n = 21 in each group).

Table 1 .

 1 Characteristics of included subjects (n = 21 in each group).

		Control Group	AR group	i-NAR group p(i-NAR vs AR)	p(i-NAR vs CG)	p(AR vs CG)
	Age (years) m ± sd	41.6 ± 10	34.1 ± 11	41.8 ± 16.9	NS	NS	NS
	Gender (M/F) n (%)	16/5 (76/24%)	7/14 (33/67%) 10/11 (48/52%)	NS	NS	0.005
	BMI (kg/m 2 ) m ± sd	25.8 ± 4.7	24.5 ± 5.5	23.9 ± 2.8	NS	NS	NS
	Rhinitis severity	NA	13/8 (62/38%)	12/9 (57/43%)	NS	NA	NA
	(Mild/Severe) n (%)						
	Nasal resistance (cmH2O/l/s)						
	-before TD m ± sd	4,25 ± 1,61	11.59 ± 8.96	12.37 ± 12.98	NS	0.01	<0.001
	-after TD m ± sd	2.94 ± 0.91	4.93 ± 3.13	5.31 ± 3.13	NS	0.001	0.007

Abbreviations : AR : allergic rhinitis; i-NAR : idiopathic non-allergic rhinitis ; CG : control group; F: female; M : male; BMI : body mass index, TD: topical decongestion; NS: non-significant; NA : non applicable; m ± sd : mean ± standard deviation
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