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Abstract

Patients who present with chronic rhinitis are very
frequently encountered in the physician’s office. The
best-studied form of chronic rhinitis is allergic rhinitis,
however, the prevalence of non-allergic, rhinitis amongst
the chronic rhinitis population is high and the disorder is
an important cause of widespread morbidity. Despite this
fact almost no diagnostic tests and very little treatment
schedules are established for this patient group. Chronic
non-allergic rhinitis covers an extensive range of
differential diagnoses and comprises drug-induced,
hormonal, occupational, gustatory, senile and idiopathic
rhinitis. The causal factors and pathophysiological
mechanisms are only defined for some of these forms.
This review summarizes the causes of non-allergic rhinitis
as well as the available options for diagnostic work-up
and treatment strategies. It aims at providing a tool for a
more precision-based approach of non-allergic rhinitis
patients in order to obtain an improvement of their
quality of life.
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Introduction
The prevalence of chronic rhinitis is estimated to be
around 30% of the Western population and is a significant
cause of widespread morbidity, health care costs and
reduced work productivity1. Chronic rhinitis is defined as
a symptomatic inflammation of the nasal mucosa, leading
to nasal obstruction, rhinorrhea, sneezing and/or nasal/
ocular itch. Two of these nasal symptoms should be
present for at least 1 h daily for a minimum of 12 weeks to
define the chronicity1. Although sometimes mistakenly
viewed as a trivial disease, symptoms of rhinitis may
significantly impact a patient’s quality of life2.

While viral infection is the most common cause of acute
rhinitis, allergy is the best-studied form of chronic rhinitis.
Allergic rhinitis (AR) is relatively easy to diagnose by the
combination of typical symptoms and positive skin prick
tests (SPT) or the detection of allergen-specific IgE in the
serum3. However, a large group of patients suffering from
chronic rhinitis has no systemic signs of allergy and they
are consequently classified as non-allergic rhinitics
(NAR). This patient group forms a diagnostic and
therapeutic challenge and probably accounts for about half
of the total chronic rhinitis population4. In contrast to
large-scale and well-conducted epidemiologic and
immunologic studies on AR, data on the prevalence,
pathophysiology and treatment of NAR is scarce. Currently,
it is believed to be a heterogeneous patient population
suffering from symptoms that are often indistinguishable
from allergic rhinitis patients. This review summarizes the
currently known etiologies of NAR and proposes a more
accurate diagnostic work-up as well as therapeutic strategy.
Classification of NAR
Drug-induced rhinitis
The best known form of drug-induced rhinitis is ‘rhinitis
medicamentosa’ which defines the nasal congestion that
occurs with overuse of topical nasal vasoconstrictors5. The
exact mechanism is poorly studied, but it is believed that
recurrent nasal tissue hypoxia and negative neural feedback
with chronic decreased α2-receptor responsiveness are
involved5,6.
In certain individuals suffering from a disorder of the in
the eicosanoid synthesis, aspirin and NSAID’s can induce
rhinitis symptoms6,7.
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In addition, antihypertensive medication like methyldopa,
hydralazine, guanethidine, ACE-inhibitors and α- and
β-receptor antagonists down-regulate the activity of the
sympathetic nervous system, possibly inducing nasal
congestion. Also immunosuppresive medication, oral
contraceptives and psychotropic agents can lead to nasal
symptoms6.
Smoking-related rhinitis
Unlike its’ effect on lower airway physiology, the impact
of tobacco smoke on the nasal mucosa is not well studied.
Still, there is growing evidence that such exposure can
have a significant impact on nasal function. Smokers show
a higher prevalence of chronic rhinitis compared to nonsmokers8 and several authors have reported that tobacco
smoke exposure overall is associated with acute and
chronic nasal symptoms9,10. Chronic cigarette exposure
leads to mucosal recruitment of CD8+ T lymphocytes11, as
well as decreased cilia beat frequency12. Several
components of cigarette smoke such as formaldehyde and
acrolein act as a local irritant on the nasal mucosa13.
Senile rhinitis
Senile rhinitis is the characteristic clinical picture of
elderly patients, suffering from a persistent clear
rhinorrhea, often in the absence of other nasal symptoms14.
Senile rhinitis is believed to be caused by an age-related
dysregulation between the sympathetic and parasympathic
nervous systems that innervate the nasal mucosa, causing
a cholinergic hyperreactivity, since anticholinergic drugs
are effective in these patients15.
Rhinitis linked to systemic auto-immune disease
The systemic diseases presenting most frequently with
sinonasal involvement are the vasculitic diseases
Eosinophilic Granulomatosis with Polyangitiis (EGPA,
previously Churg-Strauss syndrome) and Granulomatosis
with Polyangiitis (GPA; previously Wegener’s
granulomatosis)16,17. Over 75% of patients with EGPA and
GPA present with rhin(osinus)itis symptoms, usually nasal
obstruction and chronic recurrent infections18. In GPA
patients this is commonly associated with crusting and
bloody discharge; EGPA patients’ lesions are less erosive19.
Also, a small percentage of sarcoidosis patients can
develop sarcoid of the nose causing symptoms of nasal
obstruction, rhinorrhea or crusting20. Less frequently,
systemic lupus erythematosus, relapsing polychondritis
and Sjögren syndrome may present with difficult-to-threat
rhinitis and rhinosinusisitis in addition to other
organ involvement.
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Hormonal rhinitis
The most prevalent form of hormonal rhinitis is pregnancy
rhinitis, which has been estimated to have a cumulative
incidence of 22% by a large multicenter study21. Pregnancy
rhinitis typically starts during the second month of
pregnancy, usually disappearing rapidly after delivery. But
nasal congestion can even occur in conjunction with the
rise in serum estrogens that occur at ovulation in the
normal menstrual cycle22,23. The pathophysiology remains
largely unexplained, but estradiol has been shown to
increase vasodilation and vascular leakage by stimulating
nitric oxide production24 in addition to its’ general proinflammatory effects such as induction of eosinophilic
migration and degranulation25.
Increased nasal secretion in hypothyroidism has been
reported on an anecdotal basis22. It has been proposed that
nasal symptoms occur in acromegaly, however, a Swedish
study could not demonstrate the induction of nasal
congestion in response to a growth hormone treatment26.
Occupational rhinitis
Occupational rhinitis is defined a rhinitis attributable to a
particular work environment27. Occupational agents are
either biological proteins that induce a classic IgEmediated allergic inflammation (high molecular weight
[HMW] agents) or low molecular weight (LMW) agents.
LMW sensitizers are capable of activating the adaptive
immune system leading to a sensitization to the agent28.
They are mostly chemicals; but also, several drugs,
metallic agents and wood types own this sensitizing
capacity and only a minority of these agents induce
detectable antigen-specific IgE, thus complicating diagnosis.
The non-sensitizing LMW agents are addressed as airway
irritants. A single exposure to high concentrations of
irritant induces an acute toxic effect on the respiratory
mucosa29, but recently there is increasing evidence that
also long-term exposure to lower concentrations of irritants
can induce a more chronic dysfunction of the nasal
mucosa10. Mechanisms responsible for irritant-induced
rhinitis are not well known and are thought to involve
epithelial damage30 and neurogenic inflammation31. The
transient receptor potential (TRP) A1 channel that is
expressed on the sensory nerve endings of the nonadrenergic, non-cholinergic (NANC) neural system in the
nasal mucosa has emerged as being a major irritant
detector31,32.
Idiopathic rhinitis
In about 50% of NAR patients, the causal factor of their
rhinitis remains undetermined. These patients are adressed
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as idiopathic rhinitis (IR) patients, formerly known as
intrinsic or vasomotor rhinitis33.
IR patients often report nasal hyperreactivity (NHR) as a
key feature34 which is defined as the induction of nasal
symptoms upon encounter of environmental stimuli, such
as temperature/humidity changes, strong odours, cigarette
smoke and other respiratory irritants35,36. Although it is
present in all types of rhinitis (infectious rhinitis, AR and
NAR), it is the specific hallmark of IR.
The two most plausible pathophysiological hypotheses are
non-IgE mediated inflammation37 and/or neural
dysfunction38. In the latter group, it is believed that nasal
symptoms are induced upon local release of neuropeptides
such as substance P (SP) upon stimulation of the sensory
nerves of the NANC system (Figure 1). A mechanistic
study of steroid-unresponsive IR patients showed an
upregulation of the TRPV1-SP signaling pathway in their
nasal mucosa in comparison to healthy controls39.
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Local allergic rhinitis
Multiple studies suggest that a subgroup of NAR suffer
from a local allergic rhinitis (LAR). Despite a negative test
for systemic specific IgEs, some patients react positively
to a nasal allergen provocation test with the induction of a
Th2-type mucosal cell infiltration similar to AR. In some
of these patients, allergen-specific IgEs can be detected in
the nasal mucosa40,41. However, a lot of uncertainty exists
about the prevalence of LAR and the exact pathophysiology
and diagnostics.
Diagnosis of NAR:
By definition, a patient suffering from chronic rhinitis
with a negative SPT and serum specific IgE test, suffers
from NAR. Several explorations can help with further
differentiation of diagnosis:
History:
For most subtypes of NAR, medical history is the key for
diagnosis. Full evaluation should always include a
determination of the pattern, triggers, duration of the

Figure 1: Mechanisms of sensory nerve activation by chemical and thermal respiratory stimuli leading to nasal secretion and

blockage via antidromal release of neuropeptides upon activation of TRP channels. TRP: Transient Receptor Potential (original,
adapted from ref 28).
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Figure 2: Proposed algorithm for treating patients with NAR. NPT: Nasal Provocation Test; AR: Allergic Rhinitis; LAR: Local
Allergic Rhinitis; INS: intranasal steroids; CDA: cold dry air; NHR: nasal hyperreactivity; IB: ipratropium bromide.

symptoms as well as response to medications,
comorbidities, environmental and occupational exposures,
including tobacco.
Nasal endoscopy:
Every chronic rhinitis patient should undergo a nasal
endoscopy, mainly to exclude rhinosinusitis, tumours or
foreign bodies. Signs of infection, crusting, and/or
significant structural abnormalities can help in the
differential diagnosis.
Nasal patency measurements
Rhinomanometry, acoustic rhinometry and Peak Nasal
Inspiratory Flow meters objectively measure nasal airway
resistance. All techniques correlate relatively well with
subjective sensation of nasal blockage and with each
other42, however, these methods are mainly considered
useful tools in provocation testing in NAR patients.
Nasal sampling:
Currently, nasal sampling (cytology and nasal biopsies) is
not implemented in the routine diagnostics for chronic
rhinitis but may help to distinguish between an
inflammatory or non-inflammatory pathology, which
could be directive in choosing a therapy.
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Nasal provocation tests
During nasal provocation tests, the nasal mucosa of the
patient is exposed to the suspected provocative agent and
consequent changes in nasal patency and symptom scoring
can prove the link between the administered agent and
the symptoms45.
In case of a typical history of AR in the absence of
systemic IgEs, provocation with the suspected allergen is
the method of choice to diagnose LAR46.
When occupational rhinitis is suspected, nasal provocation
testing with the suspected agent is the golden standard for
making a definite diagnosis28.
To diagnose NHR, several provocation tests have been
explored in the past, including metacholine, histamine,
hypertonic saline and capsaicine34. However, most of these
substances are ineffective in discriminating IR patients
from healthy controls or are too patient- or examinerunfriendly. In 1998, the group from Amsterdam showed
that intranasal exposure to cold dry air (CDA) was the
most reliable method for measuring NHR symptoms47.
Recently these results were confirmed by Van Gerven as
well as Segboer and colleagues who demonstrated that
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even a short protocol with CDA exposure has a high
sensitivity and specificity for the diagnosis of NHR36,48.
Treatment options for NAR patients
A therapeutic algorithm including trigger avoidance,
medical and surgical treatment options for NAR patients is
proposed in Figure 2.
Trigger avoidance:
If there is evidence for drug-induced rhinitis,
discontinuation or change of medication should be
considered 50 and is mandatory in the case of
rhinitis medicamentosa.
In case of occupational rhinitis, environmental control is
the mainstay of therapy, also to avoid progression of
disease towards the lower airways. This is achieved by
removing the etiologic agent, improving ventilation,
wearing protective masks, or changing the work site28.
If an underlying hormonal or vasculitic disorder is present,
management of the underlying condition is the key step in
dealing with the upper airway symptoms51.
In IR patients suffering from NHR, it is recommended to
avoid exposure to ‘unspecific’ triggers such as
airconditioning, cigarette smoke, strong odours, pollution,
cleaning agents and even frequent nose blowing34.
Nasal saline lavage:
Because of its beneficial effects as an ‘active placebo’52,
isotonic nasal saline douches should be considered in most
NAR patients, especially in case of vasculitic diseases and
occupational rhinitis28,51.
Intranasal corticosteroids:
Intranasal steroids (INS) appear to be useful in treating
NAR in cases where inflammation is evident, like
vasculitis-linked rhinitis.
Although there are no studies available to prove their
beneficial effect in occupational rhinitis, therapeutic
options include the daily use of INS in case of rhinitis due
to HMW agents and LMW sensitizers53.
Inconsistent results have been reported on the efficacy of
INS in the treatment of IR patients. A double-blind,
placebo-controlled study from Lundblad et al. showed a
symptom improvement of 56 % with local momethasone
furoate in over 300 IR patients52. Dockhorn also
demonstrated that topical steroids significantly reduced
symptoms in NAR compared to placebo54. A similar study
by Blom and colleagues tested fluticonasone proprionate
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in 65 NAR patients, but found only a small decrease in
nasal symptoms, which only reached significance for
sneezing44. The contradictory findings of this latter study,
might be explained that all patients were IR patients
referred to a tertiary center because of previous
unresponsiveness to local steroids44.
Currently, in IR patients with no information on nasal
inflammatory markers, a trial with INS for at least 6 weeks
is still the first therapy of choice55,56.
Cholinergic antagonists:
In cases where disease is caused by an overactive
parasympathetic system leading to nasal glandular
hypersecretion, cholinergic antagonists have proven to be
effective. Ipratropium bromide (IB) has shown to be
effective in reducing both the severity and the duration of
rhinorrhea in NAR57. It is the first therapy of choice in
senile rhinitis and it can be beneficial for rhinorhea
symptoms in patients suffering from other types of NAR54.
Botulinum toxin (BT) also has an acetylcholine inhibiting
effect and several studies have shown a beneficial effect of
exposing the nasal mucosa (injections or direct application)
on rhinorrhea in IR patients58.
Antihistamines:
Two double-blind, placebo-controlled studies showed a
beneficial effect of the antihistamine molecule azelastine
in IR patients59,60 reducing nasal obstruction, rhinorrhea,
sneezing, postnasal drip, nasal congestion and anosmia
with a response rate between 82 - 85% in over 200 IR
patients59,60. The mechanism of action has not been
unravelled, but might involve anti-inflammatory
characteristics60 and reduction of substance P release61 in
addition to it’s histamine 1 receptor antagonism49. The
combination formulation of intranasal azelastine with
fluticasone proprionate has been shown to be effective in
reducing symptoms in a population of both allergic and
non-allergic rhinitics62, however, studies investigating its
efficacy in a specific NAR population are currently lacking.
Capsaicin
Since 1991, several clinical trials have proven that repeated
intranasal application of capsaicin reduces symptoms and
NHR in IR patients63. The therapeutic effects are most
likely caused by a neurogenic desensitization leading to a
reduction of mucosal nerve fibers and a downregulation of
the TRPV1-SP nociceptive signaling pathway39. Since
capsaicin clearly targets the nervous system, it is an
interesting therapeutic option in steroid-unresponsive IR
patients. Van Gerven and colleagues showed that rhinitis
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symptoms improved in 80 % of these patients after a oneday high-dose intranasal capsaicin treatment39.
Surgical intervention
It is generally accepted that surgery for NAR should only
be considered in those patients who respond insufficiently
to medical therapy.
Laser turbinectomy significantly decreased both subjective
and objective symptoms in NAR patients64,65 and therefore
turbinate surgery can be an effective symptomatological
treatment option in NAR patients with nasal obstruction
who present with hypertrophy of the inferior turbinates.
Vidian neurectomy has been proven effective in dealing
with rhinorrhea as well as nasal obstruction associated
with IR66 but comes with surgical risks. Therefore it
should be reserved for patients with important quality of
life reduction and performed by experienced surgeons.
Conclusions
In this review, we emphasize the diagnostic and therapeutic
challenge of NAR. A consensus on classification,
diagnostic work-up and treatment for the affected patients
is needed, especially in the light of more treatment options
becoming available nowadays. In this way, we can account
for the growing need for precision medicine in upper
airway disease.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

References

1. Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis and its
Impact on Asthma (ARIA) 2008 update (in collaboration with the
World Health Organization, GA(2)LEN and AllerGen). Allergy
2008;63 Suppl 86:8-160.
2. Settipane RA, Lieberman P. Update on nonallergic rhinitis. Annals of
allergy, asthma & immunology : official publication of the American
College of Allergy, Asthma, & Immunology 2001;86:494-507; quiz
-8.
3. Hellings PW, Scadding G, Alobid I, et al. Executive summary of
European Task Force document on diagnostic tools in rhinology.
Rhinology 2012;50:339-52.
4. Bousquet J, Fokkens W, Burney P, et al. Important research questions
in allergy and related diseases: nonallergic rhinitis: a GA2LEN
paper. Allergy 2008;63:842-53.
5. Doshi J. Rhinitis medicamentosa: what an otolaryngologist needs to
know. European archives of oto-rhino-laryngology : official journal
of the European Federation of Oto-Rhino-Laryngological Societies
2009;266:623-5.
6. Varghese M, Glaum MC, Lockey RF. Drug-induced rhinitis. Clinical
and experimental allergy : journal of the British Society for Allergy
and Clinical Immunology 2010;40:381-4.
7. Samter M, Beers RF, Jr. Intolerance to aspirin. Clinical studies and
consideration of its pathogenesis. Annals of internal medicine
1968;68:975-83.
8. Eriksson J, Ekerljung L, Sundblad BM, et al. Cigarette smoking is
associated with high prevalence of chronic rhinitis and low prevalence
of allergic rhinitis in men. Allergy 2013;68:347-54.
9. Benninger MS. The impact of cigarette smoking and environmental
tobacco smoke on nasal and sinus disease: a review of the literature.
AmJ Rhinol 1999;13:435-8.
10. Hisinger-Molkanen H, Piirila P, Haahtela T et al. Smoking,

60

24.

25.
26.
27.
28.
29.
30.

31.

32.
33.
34.
35.

environmental tobacco smoke and occupational irritants increase the
risk of chronic rhinitis. World Allergy Organ J 2018;11:6.
Vachier I, Vignola AM, Chiappara G, et al. Inflammatory features of
nasal mucosa in smokers with and without COPD. Thorax
2004;59:303-7.
Bascom R, Kesavanathan J, Fitzgerald TK et al. Sidestream tobacco
smoke exposure acutely alters human nasal mucociliary clearance.
Environmental health perspectives 1995;103:1026-30.
Blank U, Ruckes C, Clauss W, Weber WM. Effects of nicotine on
human nasal epithelium: evidence for nicotinic receptors in nonexcitable cells. Pflugers Arch 1997;434:581-6.
Morais-Almeida M, Pite H, Pereira AM, et al. Prevalence and
classification of rhinitis in the elderly: a nationwide survey in
Portugal. Allergy 2013;68:1150-7.
Settipane RA. Other causes of rhinitis: mixed rhinitis, rhinitis
medicamentosa, hormonal rhinitis, rhinitis of the elderly, and
gustatory rhinitis. Immunology and allergy clinics of North America
2011;31:457-67.
Fauci AS, Haynes BF, Katz P, Wolff SM. Wegener’s granulomatosis:
prospective clinical and therapeutic experience with 85 patients for
21 years. AnnInternMed 1983;98:76-85.
Olsen KD, Neel HB, III, Deremee RA, Weiland LH. Nasal
manifestations of allergic granulomatosis and angiitis (ChurgStrauss syndrome). OtolaryngolHead Neck Surg 1980;88:85-9.
Martinez Del PM, Sivasothy P. Vasculitis of the upper and lower
airway. BestPractResClinRheumatol 2009;23:403-17.
Sproson EL, Jones NS, Al-Deiri M, Lanyon P. Lessons learnt in the
management of Wegener’s Granulomatosis: long-term follow-up of
60 patients. Rhinology 2007;45:63-7.
Zeitlin JF, Tami TA, Baughman R, Winget D. Nasal and sinus
manifestations of sarcoidosis. American journal of rhinology
2000;14:157-61.
Ellegard E, Hellgren M, Toren K, Karlsson G. The incidence of
pregnancy rhinitis. GynecolObstetInvest 2000;49:98-101.
Ellegard EK, Karlsson NG, Ellegard LH. Rhinitis in the menstrual
cycle, pregnancy, and some endocrine disorders. ClinAllergy
Immunol 2007;19:305-21.
Navarrete-Palacios E, Hudson R, Reyes-Guerrero G, GuevaraGuzman R. Correlation between cytological characteristics of the
nasal epithelium and the menstrual cycle. Archives of otolaryngology-head & neck surgery 2003;129:460-3.
Hox V, Desai A, Bandara G t al. Estrogen increases the severity of
anaphylaxis in female mice through enhanced endothelial nitric
oxide synthase expression and nitric oxide production. J Allergy Clin
Immunol 2015;135:729-36 e5.
Straub RH. The complex role of estrogens in inflammation. Endocrine
reviews 2007;28:521-74.
Ellegard E, Ellegard L. Nasal airflow in growth hormone treatment.
Rhinology 1998;36:66-8.
Moscato G, Vandenplas O, Gerth Van Wijk R, et al. Occupational
rhinitis. Allergy 2008;63:969-80.
Hox V, Steelant B, Fokkens W et al. Occupational upper airway
disease: how work affects the nose. Allergy 2014.
Meggs WJ. RADS and RUDS--the toxic induction of asthma and
rhinitis. JToxicolClinToxicol 1994;32:487-501.
Meggs WJ, Elsheik T, Metzger WJ et al. Nasal pathology and
ultrastructure in patients with chronic airway inflammation (RADS
and RUDS) following an irritant exposure. JToxicolClinToxicol
1996;34:383-96.
Hox V, Vanoirbeek JA, Alpizar YA, et al. Crucial role of transient
receptor potential ankyrin 1 and mast cells in induction of nonallergic
airway hyperreactivity in mice. American journal of respiratory and
critical care medicine 2013;187:486-93.
Gerhold KA, Bautista DM. TRPA1: irritant detector of the airways.
The Journal of physiology 2008;586:3303.
van Rijswijk JB, Blom HM, Fokkens WJ. Idiopathic rhinitis, the
ongoing quest. Allergy 2005;60:1471-81.
Van Gerven L, Steelant B, Hellings PW. Nasal hyperreactivity in
rhinitis: A diagnostic and therapeutic challenge. Allergy 2018.
Salib RJ, Harries PG, Nair SB, Howarth PH. Mechanisms and
mediators of nasal symptoms in non-allergic rhinitis. Clinical and

Y E A R B O O K 2 0 1 9 vo l u m e 1 2

36.
37.

38.
39.

40.
41.
42.
43.
44.

45.
46.

47.

48.
49.
50.
51.
52.

53.
54.

55.
56.

experimental allergy : journal of the British Society for Allergy and
Clinical Immunology 2008;38:393-404.
Van Gerven L, Boeckxstaens G, Jorissen M et al. Short-time cold dry
air exposure: a useful diagnostic tool for nasal hyperresponsiveness.
Laryngoscope 2012;122:2615-20.
Powe DG, Huskisson RS, Carney AS et al. Evidence for an
inflammatory pathophysiology in idiopathic rhinitis. Clinical and
experimental allergy : journal of the British Society for Allergy and
Clinical Immunology 2001;31:864-72.
Van Gerven L, Boeckxstaens G, Hellings P. Up-date on neuroimmune mechanisms involved in allergic and non-allergic rhinitis.
Rhinology 2012;50:227-35.
Van Gerven L, Alpizar YA, Wouters MM, et al. Capsaicin treatment
reduces nasal hyperreactivity and transient receptor potential cation
channel subfamily V, receptor 1 (TRPV1) overexpression in patients
with idiopathic rhinitis. J Allergy Clin Immunol 2013.
Rondon C, Campo P, Togias A, et al. Local allergic rhinitis: concept,
pathophysiology, and management. J Allergy Clin Immunol
2012;129:1460-7.
Rondon C, Dona I, Lopez S, et al. Seasonal idiopathic rhinitis with
local inflammatory response and specific IgE in absence of systemic
response. Allergy 2008;63:1352-8.
Ottaviano G, Fokkens WJ. Measurements of nasal airflow and
patency: a critical review with emphasis on the use of peak nasal
inspiratory flow in daily practice. Allergy 2016;71:162-74.
Burgel PR, Cardell LO, Ueki IF, Nadel JA. Intranasal steroids
decrease eosinophils but not mucin expression in nasal polyps. The
European respiratory journal 2004;24:594-600.
Blom HM, Godthelp T, Fokkens W et al. The effect of nasal steroid
aqueous spray on nasal complaint scores and cellular infiltrates in the
nasal mucosa of patients with nonallergic, noninfectious perennial
rhinitis. J Allergy Clin Immunol 1997;100:739-47.
Auge J, Vent J, Agache I, et al. EAACI Position paper on the
standardization of nasal allergen challenges. Allergy 2018;73:1597608.
Campo P, Eguiluz-Gracia I, Bogas G, et al. Local allergic rhinitis:
Implications for management. Clinical and experimental allergy :
journal of the British Society for Allergy and Clinical
Immunology 2018.
Braat JP, Mulder PG, Fokkens WJ et al. Intranasal cold dry air is
superior to histamine challenge in determining the presence and
degree of nasal hyperreactivity in nonallergic noninfectious perennial
rhinitis. American journal of respiratory and critical care medicine
1998;157:1748-55.
Segboer CL, Holland CT, Reinartz SM, et al. Nasal hyper-reactivity
is a common feature in both allergic and nonallergic rhinitis. Allergy
2013;68:1427-34.
Ciprandi G. Treatment of nonallergic perennial rhinitis. Allergy
2004;59 Suppl 76:16-22; discussion -3.
Dykewicz MS, Hamilos DL. Rhinitis and sinusitis. JAllergy
ClinImmunol 2010;125:S103-S15.
Prokopakis E, Nikolaou V, Vardouniotis A, Jorissen M. Nasal
manifestations of systemic diseases. B-ENT 2013;9:171-84.
Lundblad L, Sipila P, Farstad T, Drozdziewicz D. Mometasone
furoate nasal spray in the treatment of perennial non-allergic rhinitis:
a nordic, multicenter, randomized, double-blind, placebo-controlled
study. Acta oto-laryngologica 2001;121:505-9.
Moscato G, Vandenplas O, van Wijk RG, et al. EAACI position paper
on occupational rhinitis. RespirRes 2009;10:16.
Dockhorn R, Aaronson D, Bronsky E, et al. Ipratropium bromide
nasal spray 0.03% and beclomethasone nasal spray alone and in
combination for the treatment of rhinorrhea in perennial rhinitis.
Annals of allergy, asthma & immunology : official publication of the
American College of Allergy, Asthma, & Immunology 1999;82:34959.
Adcock IM, Peters M, Gelder C et al. Increased tachykinin receptor
gene expression in asthmatic lung and its modulation by steroids.
Journal of molecular endocrinology 1993;11:1-7.
Graf K, Schaper C, Grafe M et a;. Glucocorticoids and protein kinase
C regulate neutral endopeptidase 24.11 in human vascular smooth
muscle cells. Basic research in cardiology 1998;93:11-7.

n u m ber 1

57. Grossman J, Banov C, Boggs P, et al. Use of ipratropium bromide
nasal spray in chronic treatment of nonallergic perennial rhinitis,
alone and in combination with other perennial rhinitis medications. J
Allergy Clin Immunol 1995;95:1123-7.
58. Rohrbach S, Junghans K, Kohler S, Laskawi R. Minimally invasive
application of botulinum toxin A in patients with idiopathic rhinitis.
Head Face Med 2009;5:18.
59. Banov CH, Lieberman P, Vasomotor Rhinitis Study G. Efficacy of
azelastine nasal spray in the treatment of vasomotor (perennial
nonallergic) rhinitis. Annals of allergy, asthma & immunology :
official publication of the American College of Allergy, Asthma, &
Immunology 2001;86:28-35.
60. Gehanno P, Deschamps E, Garay E et al. Vasomotor rhinitis: clinical
efficacy of azelastine nasal spray in comparison with placebo. ORL;
journal for oto-rhino-laryngology and its related specialties
2001;63:76-81.
61. Gawlik R, Jawor B, Rogala B et al. Effect of intranasal azelastine on
substance P release in perennial nonallergic rhinitis patients.
American journal of rhinology & allergy 2013;27:514-6.
62. Price D, Shah S, Bhatia S, et al. A new therapy (MP29-02) is
effective for the long-term treatment of chronic rhinitis. Journal of
investigational allergology & clinical immunology 2013;23:495-503.
63. Gevorgyan A, Segboer C, Gorissen R et al. Capsaicin for non-allergic
rhinitis. The Cochrane database of systematic reviews
2015:CD010591.
64. Mladina R, Risavi R, Subaric M. CO2 laser anterior turbinectomy in
the treatment of non-allergic vasomotor rhinopathia. A prospective
study upon 78 patients. Rhinology 1991;29:267-71.
65. Sandhu AS, Temple RH, Timms MS. Partial laser turbinectomy: two
year outcomes in patients with allergic and non-allergic rhinitis.
Rhinology 2004;42:81-4.
66. Robinson SR, Wormald PJ. Endoscopic vidian neurectomy. American
journal of rhinology 2006;20:197-202.

61

