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Abstract
Olfactory dysfunction (OD) has been described in patients with antineutrophil 
cytoplasmic antibody-associated vasculitides (AAV), but the underlying 
mechanisms are not completely understood. The causes of altered smell function 
can generally be divided into conductive, sensorineural or others. To date no 
specific treatment is available for AAV-related OD and the efficacy of currently 
available options has not been explored. The aim of this review is to provide an 
overview of the causes that may lead to OD in patients with AAV. Current 
available treatments for OD and possible options in patients with AAV presenting 
with smell impairment are also mentioned.
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Core Tip: Olfactory dysfunction may develop during the course of antineutrophil 
cytoplasmic antibody-associated vasculitides. Typically, this is caused by a com-
bination of active and chronic sinonasal inflammation causing necrosis and atrophic 
changes in the nasal mucosa, sensorineural involvement as well as other systemic 
factors. Systemic treatment of the vasculitis, control of coexisting rhinosinusitis, and 
management of nasal complications are recommended and could lead to an 
improvement in olfactory function.
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INTRODUCTION
The antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are 
multi-system autoimmune disorders, characterised by necrotising inflammation of the 
small to medium sized vessels with the presence of serum antibodies targeting 
cytoplasmic components of neutrophils. These antibodies specifically target proteinase 
3 (PR3) and myeloperoxidase (MPO), contributing to a cytoplasmic or perinuclear 
pattern in indirect immunofluorescence staining respectively.

The American College of Rheumatology in 1990 classified granulomatous diseases 
into either granulomatosis with polyangiitis (GPA) and eosinophilic granulomatosis 
with polyangiitis (EGPA)[1,2]. Further to this, definitions for AAV were formulated at 
the Chapel Hill Consensus Conference in 1994 and later revised in 2012 and comprise 
GPA, EGPA and microscopic polyangiitis[3].

Ear, nose and throat involvement has been reported to be the second most common 
site after the lungs, and often precedes the diagnosis of AAV by many months[4]. The 
nose and paranasal sinuses, in particular, are the most frequently affected sites in the 
head and neck, representing 64% to 80% of the cases. Of importance, the nose has been 
shown to be the only affected site in about 30% of the GPA patients and hence a high 
index of suspicion is warranted[5].

Common manifestations of AAV in the nose include epistaxis, crusting and nasal 
polyps, or septal perforation and saddle nose deformity in the more severe cases. 
Impairment of sense of smell has also been described in patients with AAV, but the 
mechanisms underlying the olfactory dysfunction (OD) are not completely 
understood.

The aim of this review is to provide an overview of the causes that can lead to OD in 
patients with AAV. Current available treatments for OD and possible options in 
patients with AAV presenting with smell impairment are also mentioned.

CURRENT FINDINGS ON OLFACTORY DYSFUNCTION IN ANCA-
ASSOCIATED VASCULITIDES
The involvement of the olfactory system in AAV has been reported by several authors, 
even if most of the available findings refer to GPA. Subjective assessment of olfaction 
and taste showed that patients with GPA are aware of their diminished chemosensory 
functions[6]. Göktas et al[7] found that chemical senses (i.e. olfactory, gustatory and 
trigeminal functions) are affected consistently and to a similar extent in GPA patients 
when they are assessed by means of psychophysical tests (e.g. Sniffin’ sticks or the 
University of Pennsylvania Smell Identification Test)[7]. Proft et al[8] observed that 75% 
of their patients with GPA were found to be hyposmic at Sniffin’ sticks; a similar 
prevalence of olfactory impairment (74%) in GPA patients was also reported by 
Zycinska et al[9]. In a retrospective analysis conducted on 230 GPA patients, Kühn 
et al[10] found that the majority of them were hyposmic (62%) with only 18% showing a 
preserved sense of smell (normosmia) and 20% having a complete smell loss 
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(anosmia). Fasunla et al[6] found that GPA patients were hyposmic with reduced scores 
in all the olfactory subset tests (identification, discrimination and threshold) when 
compared to the sex and age-matched healthy control group. These finding were later 
replicated by other authors[8,9,11].

Very little has been published on olfactory dysfunction in EGPA patients. In 2014 
Tallab et al[12] reported a case of EGPA presenting with total loss of sense of smell 
measured by University of Pennsylvania Smell Identification Test, which appeared 
before the onset of other disease symptoms, suggesting that OD may precede the 
clinical symptoms[12].

To the best of our knowledge no cases of OD have been described in patients with 
microscopic polyangiitis.

CAUSES OF OLFACTORY DYSFUNCTION
The lower scores found by several authors in both the identification, discrimination 
and threshold olfactory subsets tests[8,9] may suggest that mechanisms leading to OD in 
AAV could be multifactorial[13].

Causes of altered olfactory function can generally be divided into: (1) Conductive, 
which include recurrent sinonasal inflammation, crusting, granuloma formation, bone 
structure damage, necrosis or atrophic changes in the mucous membrane; (2) 
Sensorineural, with a central or a peripheral neural involvement (focal ischemic 
changes and cranial nerve damage); and (3) Other factors, including systemic factors, 
concurrent surgery, the use of local (antibiotic ointments) or systemic immuno-
suppressive drugs[11].

However, and this is probably the most common situation, OD may result as a 
combination of two or more of the previously described mechanisms. Table 1 
summarises the causes and mechanisms involved in the development of AAV-OD.

OLFACTORY DYSFUNCTION DUE TO CONDUCTIVE CAUSES
Sinonasal involvement has been reported to be the most frequent ear, nose and throat 
manifestation in patients with GPA[14]. Nasal ulceration, crusting and scarring are 
frequently seen in patients with AAV, especially in GPA[10], and in turn may cause a 
mechanical obstruction for odorants to reach the olfactory cleft, thus contributing to an 
altered sense of smell. However, Proft et al[8] found no correlation between OD and the 
aforementioned nasal manifestations, indicating that the decrease in olfactory function 
could be a consequence of the inflammatory disease in the nose rather than the local 
manifestation (bloody nasal discharge, crusts, granulomata). Similarly, none of the 
patients with localised disease had a higher degree of OD[11]. Therefore, active and 
chronic inflammation (rhinosinusitis) in GPA patients seems to be the more likely 
cause for the reported OD[9]. Due to the peculiar location of the olfactory fibres in the 
nose, smell impairment can result as an extension of the mucosal inflammation in the 
olfactory cleft and to the olfactory receptor cells. Reduction of sense of smell, in fact, is 
frequently reported in patients with chronic rhinosinusitis (CRS) and it is one of the 
main symptoms that can aid diagnosis of CRS[14]. As a confirmation of that, OD has 
been found to be common in GPA patients with increased crusting, pathological 
granulation but also a higher Lund-MacKay score (a score used for radiologic staging 
of CRS)[9].

Additionally, the colonisation of the affected nasal mucosa with bacteria such as 
Staphylococcus aureus may lead to recurrent nasal infections and further nasal 
inflammation. Having said that, no correlation between olfactory function and 
colonisation with Staphylococcus aureus was found[15].

Finally, septal perforations (commonly found in the more severe cases of GPA) can 
potentially cause OD by altering the flow of air and odour molecules into the olfactory 
cleft. However, Fasunla et al[6] did not identify any significant difference in olfactory 
performance assessed by means of Sniffin’ Sticks (TDI score) between patients with or 
without septal perforation[6].

OLFACTORY DYSFUNCTION DUE TO SENSORINEURAL CAUSES
Cranial nerve involvement in patients with AAV is widely described[16-18]. In particular, 
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Table 1 Causes and mechanisms involved in the development of antineutrophil cytoplasmic antibody-associated vasculitides olfactory 
dysfunction

Ref. Population Findings

Conductive causes

Laudien 
et al[11], 
2009

76 GPA 
patients

No correlation between localised disease and a higher degree of olfactory dysfunction

Laudien 
et al[15], 
2010

89 GPA 
patients

No correlation between olfactory function and colonisation with Staphylococcus aureus

Fasunla 
et al[6], 
2012

16 GPA 
patients

No difference in the olfactory performance between patients with and without septal perforation

Proft 
et al[8], 
2014

44 GPA 
patients

Decrease in olfactory function could be a consequence of the inflammatory disease in the nose rather than the local 
manifestations (bloody nasal discharge, crusting, granulomata)

Zycinska 
et al[9], 
2016

43 GPA 
patients

Active and chronic sinonasal inflammation (rhinosinusitis) in GPA patients seems to be the more likely cause for the reported 
olfactory dysfunction. Olfactory dysfunction is more common in GPA patients with increased crusting, pathological 
granulation but also a higher Lund-MacKay score

Sensorineural causes

Fauci 
et al[17], 
1983

85 GPA 
patients

Cranial nerve involvement reported in 7.4% of GPA patients

Nishino 
et al[18], 
1993

324 GPA 
patients

Cranial nerves involvement reported in 6.5% of GPA patients even if first cranial nerve was rarely involved

Other factors

Laudien 
et al[11], 
2009

76 GPA 
patients

GPA patients receiving local mupirocin treatment showed no olfactory dysfunction. No correlation between kidney 
involvement and smell function

Göktas 
et al[7], 
2010

9 GPA 
patients

Neither the disease duration nor the age appear to influence smell function

Fasunla 
et al[6], 
2012

16 GPA 
patients

No correlation between kidney involvement and smell function. GPA patients with and without past history of sinonasal 
operations did not show any significant difference in sense of smell

Proft 
et al[8], 
2014

44 GPA 
patients

GPA patients with elevated CRP values showed lower scores from smell tests. GPA patients with a higher extent of damage 
showed a tendency for reduced scores only for the threshold, but not for the identification, the discrimination or the total 
score (TDI score). No correlation between kidney involvement and smell function. GPA patients under therapy with 
azathioprine showed significantly lower scores only for odour discrimination. GPA patients undergoing low-dose GC therapy 
showed a tendency for lower thresholds scores compared to patients without GC therapy

Tallab 
et al[12], 
2014

1 EGPA 
patient

Subjective improvement of smell function after immunosuppressive therapy

GPA: Granulomatosis with polyangiitis; EGPA: Eosinophilic granulomatosis with polyangiitis; CRP: C-reactive protein; GC: Glucocorticoids.

GPA has repeatedly been associated with peripheral and cranial nerve neuro-
pathies[16]. Fauci et al[17] found that 7.4% (8/85) of GPA patients had cranial nerve 
involvement whereas Nishino et al[18] reported a lower prevalence of 6.5% in their 
retrospective series of 324 GPA patients. Nevertheless, involvement of the first cranial 
nerve seems to be rare[18]. Theoretically, the olfactory nerve may be either involved by 
(1) Continuity, especially from nasal and skull base granulomas that can influence the 
neural transduction in afferent pathways; (2) By vasculitic involvement of small 
vessels surrounding the cranial nerves, resulting in mononeuritis multiplex; and (3) By 
the adverse influences of the disease on neurotransmitter systems involved in sensory 
modulation[12,18].
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OTHER FACTORS INFLUENCING OLFACTORY FUNCTION
As with other autoimmune diseases, systemic factors could contribute to a lowering of 
the chemosensory function[19-21]. The active autoimmune processes and the linked 
cytokine secretion can potentially create a pro-inflammatory environment which can 
lead to olfactory neuronal damage, subsequent neuronal apoptosis[22] and finally 
leading to an olfactory function limitation. This hypothesis is supported by previous 
data from mice models, which showed that proinflammatory cytokines, like the 
tumour necrosis factor, can directly alter olfactory neuron function[23] and suppress 
neuroepithelial regeneration[24]. Moreover, lower scores from smell tests have been 
reported in GPA patients with elevated C-reactive protein values[8]. However, due to 
the lack of data in GPA patients undergoing olfactory epithelial biopsies, no definitive 
conclusions can be drawn on the role of immunologic mechanisms in OD in GPA 
patients or, more generally, in AAV.

Renal insufficiency is known to alter sense of smell[25] and renal function is 
commonly impaired in patients with AAV. Thus, this could account for OD in AAV 
patients. However, even though some authors have observed that non-AAV patients 
with chronic renal failure show OD with lower identification, discrimination and 
thresholds scores[25,26], no correlation between kidney involvement and smell function 
was found in GPA patients[6,8,11]. Similarly, no correlation between other organ 
involvement (eyes, ear, nose, throat, lung, or kidneys) and olfactory function has been 
reported in the same population[8,11].

The role of disease severity and duration in olfactory impairment is still not clear. 
Proft et al[8] found that GPA patients with a higher extent of damage (measured by the 
Vasculitis Damage Index score) showed a tendency for reduced scores only for the 
threshold, but not for the identification, the discrimination or the total score (TDI 
score) at Sniffin’ sticks. Conversely, neither the disease duration nor the age appear to 
influence smell function[7].

Drug-induced OD has been widely described[27-29]. Damage to the chemosensory 
functions secondary to immunomodulatory drugs has been reported by different 
authors although the exact mechanism through which these drugs can induce 
olfactory damage is unclear. An impairment of fast regenerating tissue (olfactory 
epithelium) by chemotherapeutic agents has been hypothesised[8,30]. Furthermore, the 
role of the tumour necrosis factor-alpha-inhibitors or methotrexate on smell was 
investigated in patients suffering from rheumatoid arthritis but no significant 
differences in smell between users and non-users of these medications were found[31]. 
Nevertheless, GPA patients under therapy with azathioprine showed significantly 
lower scores only for odour discrimination at the Sniffin’ sticks subtest[8]. Conversely, 
Tallab et al[12] reported a subjective improvement of smell and taste function after 
immunosuppressive therapy in a patient with EGPA.

Mupirocin is commonly used as a topical antibiotic in AAV patients presenting with 
crusting and recurrent nasal infections. In this regard, no olfactory dysfunction was 
observed by Laudien et al[11] in 25 GPA patients receiving local mupirocin treatment.

Oral glucocorticoids (GC) represent a keystone in medical treatment in patients with 
AAV. While systemic GC improve the sense of smell in patients with rhinosinusitis[28] 
and high dose GC is used to treat olfactory disorders[32,33], low-dose GC has been 
shown to probably reduce the peripheral olfactory function[31]. Proft et al[8] found that 
GPA patients undergoing low-dose GC therapy showed a tendency for lower 
thresholds scores compared to patients without GC therapy. Similarly, low-dose GC in 
rheumatoid arthritis significantly affects thresholds and TDI scores, but not odour 
identification and discrimination[31].

Finally, the prolonged and complicated wound healing observed in some AAV 
patients undergoing nasal surgery could lead to an impairment of the chemosensory 
function. However, Fasunla et al[6] did not find any significant difference in sense of 
smell when GPA patients with and without past history of sinonasal operations were 
compared.

CURRENT AVAILABLE TREATMENTS
To date no specific treatment is available for AAV-related OD and the efficacy of 
treatment options currently adopted for smell impairment has not been explored. 
Moreover, the lack of a deep understanding of the underlying mechanisms leading to 
smell loss in this category of patients is limiting the development of more targeted 
therapies.
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In our experience, if a patient presents with nasal crusting or epistaxis, control of the 
nasal manifestations should be first achieved to rule out any mechanical obstruction 
(conductive cause) leading to smell impairment. If polyps or mucosal oedema are 
present, the use of GC, either systemically or topical, should be considered in order to 
reduce the inflammatory component[33]. However, while indications for oral GC for OD 
in AAV patients may be reviewed in light of the previously described findings[8,31], the 
use of topical GC should be weighed up in patients presenting with crusting and 
epistaxis due to the possibility of an increased risk of bleeding and mucosal dryness 
with subsequent crusting and local infections. Management of septal perforations, 
either conservatively or surgically[34,35], should be considered due to the possible 
relationship between airflow alteration and the consequent obstacle for odour 
molecules to reach the olfactory cleft. Importantly, if surgical closure of the perforation 
is planned, it should only be performed when the disease is in remission so as to 
minimise complications[34].

Smell training can also be considered a potential therapy in AAV patients reporting 
persistent smell impairment, especially where no other conductive causes can be 
identified. It is a cost-effective and safe therapy which involves repeated and 
deliberate sniffing of a set of odorants (commonly lemon, rose, cloves, and eucalyptus) 
for 20 s each, at least twice a day for a minimum of 3 mo. Smell training is currently 
recommended in patients with olfactory loss from several aetiologies, even if its 
effectiveness in patients with AAV has not been explored so far[33].

Other treatments, including phosphodiesterase inhibitors, intranasal calcium 
buffers, vitamin A, zinc or multivitamins have been described but they are not 
routinely recommended because of the lack of sufficient evidence[33].

CONCLUSION
This review confirms that OD may develop during the course of AAV. The current 
literature suggests that olfactory impairment is more frequent in patients with GPA, 
although a possible bias related to the scarcity of papers about smell loss in patients 
with EGPA and MPA must be taken into account.

Several mechanisms can lead to smell loss in AAV patients, and in most cases, this 
arises from a combination of different causes. Systemic treatment of the vasculitis, 
control of a coexisting rhinosinusitis, and management of nasal complications may 
improve olfactory function, and should be considered in all patients. To date no 
specific treatment for olfactory improvement in this particular group of patients has 
been identified. In the future, cytological and histological studies of the affected 
olfactory mucosa should be encouraged in order to better understand the mechanisms 
underlying the OD in AAV.
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