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Abstract
Purpose of Review Olfactory dysfunction is a prevalent condition affecting 5–15% of the general population, with signifi-
cant impact on quality of life. This review summarizes the most recent and relevant literature in the treatment of olfactory 
dysfunction.
Recent Findings Current evidence supports the short-term use of topical corticosteroids and systemic therapy. These treat-
ments may occur in conjunction with olfactory training, which is well supported by the literature. While there are several addi-
tional treatments currently under investigation, meaningful conclusions are not yet able to be made regarding their efficacy.
Summary The treatment of olfactory dysfunction is targeted at the suspected etiology when possible. After normal aging, 
chronic rhinosinusitis, post-infectious sequelae including as a result SARS-CoV-2 infection (COVID-19), and head trauma 
are the most common causes. Current evidence supports the short-term use of topical corticosteroids and systemic therapy. 
Several additional treatments are under investigation but recommendations for their use cannot currently be made.
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Introduction

A decrease in ones’ ability to smell (i.e., olfactory loss) 
occurs in 5–15% of the population and is impactful on indi-
viduals’ quality-of-life and safety [1, 2]. Emerging associa-
tions of olfactory loss with neurodegenerative diseases (e.g., 
Parkinson disease) as well as incipient findings related to 
SARS-CoV-2 infection during the coronavirus disease 2019 
(COVID-19) pandemic has further heighted public aware-
ness of this prevalent condition.

As the therapeutic options are predicated on the etiology, 
determining the cause of olfactory dysfunction is integral 
to its management. Normal aging significantly contributes 
to the disease burden, with nearly half of adults ages 65–80 
experiencing olfactory impairment [3]. Not considering 

aging, olfactory loss is most commonly caused by rhinosi-
nusitis (either acute or chronic) [4]. Other etiologies include 
post-infectious sequelae from an upper respiratory tract 
infection (URTI) and SARS-CoV-2 infection (COVID-19) 
[5], head trauma [6], and other rarer conditions and expo-
sures such as neurodegenerative disease [7], inhaled toxins, 
or medication side effects.

A treatment strategy which is directed toward the under-
lying etiology is more likely to be effective and can help 
address patient expectations for recovery. In addition to 
obtaining a thorough medical and rhinologic specific his-
tory with symptom onset and duration, attention should be 
given to possible neurologic causes (e.g., tremor suggesting 
Parkinson Disease; cognitive problems suggesting Alzhei-
mer’s disease) as well as medication use.

With many of these causes outside of chronic rhinosinusi-
tis, treatment strategies have provided minimal benefits and 
proper identification of cause can help direct counseling on 
prognosis. In all cases, regardless of etiology or prognosis, 
patients need to understand the effect of olfactory loss on the 
ability to identify environmental hazards, such as smoke from 
a fire, natural gas leaks, or spoiled foods. As such, in patients 
with such loss, safety and risk mitigation strategies should 
be advised (e.g., smoke and gas alarms, electric appliances).

Despite the historic difficulty in providing therapies, there 
have been several meaningful advances in the ability to treat 

This article is part of the Topical Collection on Rhinosinusitis

 * Aria Jafari 
 ajafari@uw.edu

1 Department of Otolaryngology-Head & Neck Surgery, 
Division of Rhinology and Endoscopic Skull Base Surgery, 
University of Washington, Seattle, WA 98195-6515, USA

2 Department of Otolaryngology-Head & Neck Surgery, 
Harvard Medical School, Massachusetts Eye and Ear, 
Boston, MA, USA

/ Published online: 24 January 2022

Current Allergy and Asthma Reports (2022) 22:21–28

http://orcid.org/0000-0002-5254-3221
http://crossmark.crossref.org/dialog/?doi=10.1007/s11882-022-01028-z&domain=pdf


1 3

olfactory loss in the last decade. In this review, we will pre-
sent and discuss the latest in therapeutics and offer treatment 
recommendations based on our experience treating patients 
with loss of smell.

Treatment Options

Medical Therapies

Topical Corticosteroids

Treatment with topical corticosteroids is commonly utilized 
by clinicians in the treatment of olfactory loss, irrespective 
of the etiology. The literature supportive of the use of topical 
corticosteroids is largely extrapolated from the treatment of 
CRS-related olfactory dysfunction [8••, 9, 10]. Although 
studies showing benefit to olfaction from topical corticos-
teroids in non-CRS-related olfactory loss are limited, the 
risk for this intervention is low and may be considered as 
monotherapy or as an adjunct with other treatment (e.g., 
olfactory training) with appropriate patient counseling [11•].

Systemic Corticosteroids

Systemic corticosteroids can also be effective in treat-
ing olfactory loss in CRS with nasal polyps. The patient’s 
response to this systemic treatment may also help distinguish 
an inflammatory etiology from other causes. The mechanism 
underlying the benefit is thought to be related to reduction of 
inflammatory mediators, but recent research has also shown 
that olfactory gene expression may also be influenced by this 
systemic therapy [12].

As the precise biological mechanism remains a topic of 
active research, several clinical studies have demonstrated 
benefit in olfaction after systemic corticosteroids using 
objective measures, beyond what would be expected from 
spontaneous recovery [13]. However, these studies are heter-
ogeneous in etiology and often lack a control group, thereby 
limiting the generalizability. Additional studies have also 
sought to evaluate the potential additive effect of adjunctive 
treatments, particularly along with zinc in traumatic loss 
and with vitamin B supplementation [14, 15]. These stud-
ies have demonstrated that there may be additive benefit to 
olfactory function using these additional treatments, beyond 
corticosteroid monotherapy alone.

Clinicians who elect to offer patients treatment with sys-
temic corticosteroids should have a thorough discussion 
the potential adverse effects of this therapy given the lack 
of sound evidence. Additional studies are needed to better 
determine the effective dose and duration of this treatment 
as well as the interactive effects of adjunctive treatments.

Biologics

Biologics are an emerging treatment in CRS with nasal 
polyps and refer to a class of drugs that target the immune 
pathway underlies this inflammatory disease. These drugs 
consist of monoclonal antibodies which target the key effec-
tors of type 2 inflammation. For example, omalizumab is 
a medication targeted against IgE, a mast cell activator. 
Although this medication has been shown to be effective 
in decreasing polyp scores and improving quality of life, 
its impact on olfaction is not clear and only small studies 
exist. Pinto et al. conducted a study of 14 patients, 7 in each 
arm, where olfactory testing (UPSIT) did not show a sig-
nificant difference between groups [16]. Similarly, mepoli-
zumab (Anti IL-5) is designed to disrupt the maturation 
and recruitment of eosinophils; however, the effect of this 
medication on olfaction is not well studied. Dupilumab is 
a monoclonal antibody to the IL 4 receptor alpha subunit, 
which is shared with IL-13. This drug inhibits the cytokine 
signaling central to type 2-mediated inflammation. Bachert 
et al. demonstrated an improvement in olfaction (UPSIT) in 
the dupilumab group compared to controls following treat-
ment [17]. Most recently, in a pooled analysis by Mullol 
et al., dupilumab was shown to provide a rapid and sustained 
improvement in olfaction, as measured by UPSIT [18]. Thus, 
dupilumab has the most evidence for improvement in olfac-
tion in patients with CRS with nasal polyps to date.

Intranasal Calcium Buffers

As calcium ions within mucus may have an inhibitory role 
in olfactory signaling, calcium buffers (e.g., sodium citrate) 
have emerged as an intuitive method to treat olfactory loss. 
In recent years, Whitcroft and colleagues showed clinical 
improvement after a single topical administration of sodium 
citrate in patients with post-infectious smell loss, including 
a prospective single-blinded, placebo-controlled trial [19, 
20]. This was followed by a subsequent double-blinded study 
evaluating this same treatment in a more diverse etiologic 
cohort [21]. Although the benefit was transient, it could pro-
vide patients with episodes of olfactory improvement during 
critical times such as during meals. This therapy has a com-
pelling mechanistic basis and future clinical research could 
be helpful to discern the durability of benefit and range of 
benefit based on degree of olfactory loss.

Phosphodiesterase Inhibitors

Phosphodiesterase inhibitors (PDI) prevent the degradation 
of intracellular cyclic adenosine monophosphate (cAMP) 
and cyclic guanosine monophosphate (cGMP), thereby 
increasing levels of these molecules within olfactory 
epithelial cells. Theoretically, this would lead to a more 
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efficient signal transduction cascade to the olfactory bulb. 
However, clinical results from PDI inhibitors (e.g., theo-
phylline, sildenafil, caffeine, and pentoxifylline) have been 
mixed. Theophylline is the most widely studied PDI, with 
initial reports by Henkin et al. reported subjective improve-
ment in approximately half of patients with olfactory loss 
with oral treatment, although a proper controlled study 
was lacking [22]. Given the potential for adverse systemic 
effects (e.g., restlessness, gastrointestinal discomfort, and 
sleep disturbance), topical intranasal administration was 
also studied and reported to be effective in some patients 
[23, 24].

The literature with regard to other PDIs, however, is less 
promising and raises questions regarding the presumed 
biological basis. For instance, a recent double-blind pla-
cebo-controlled study of a single administration of caffeine 
(65 mg) had no effect on olfactory function, and similarly, 
a study of 6 patients with post-traumatic hyposmia treated 
with penoxifylline also showed no olfactory benefit [25, 26]. 
Overall, the benefit for PDI treatment has yet to be estab-
lished given the lack of control arm, etiologic heterogeneity, 
and data derived mostly from subjective assessments rather 
than validated instruments.

Other

Several other therapies have recently been investigated 
in the treatment of olfactory loss. Supplementation with 
alpha-lipoic acid, vitamin A, omega-3, and treatment with 
intranasal insulin has been studied with mixed results. The 
rationale for these treatments is their presumed neuroregen-
erative potential and anti-oxidant properties. Oral adminis-
tration of alpha-lipoic acid (600 mg/day) was studied in 23 
patients and approximately 60% experienced an improve-
ment in olfaction on objective assessments [27]. Further-
more, in 2017, Hummel et al. found that those patients 
undergoing treatment with topical, intranasal vitamin A 
used in conjunction with olfactory training showed signifi-
cant benefit to odor discrimination compared to those who 
did not [28]. Additionally, Yan et al. conducted a multi-
institutional, prospective, randomized controlled trial of 
110 patients undergoing transsphenoidal surgery in 2019 
and found that treatment with omega-3 demonstrated led 
to less persistent olfactory loss compared to controls [29]. 
Also, a pilot study of intranasal administration of insulin 
demonstrated improved odor sensitivity, and a more recent 
randomized-controlled trial improved odor identification and 
overall olfactory function among 38 patients with hyposmia 
[30, 31]. Overall, the utility of these treatments is yet to be 
proven in larger trials with etiologic diversity in olfactory 
loss beyond spontaneous improvements, which can be up to 
35% in some forms of smell loss [32].

Procedural Interventions

Olfactory Training

There is substantial evidence to suggest that olfactory training 
is effective in the treatment of olfactory loss. This treatment 
was first described by Hummel et al. in 2009 in a prospective 
controlled study of 24 patients with diverse etiologies for 
olfactory loss. In the described paradigm, patients underwent 
repeated exposures to four odors (i.e., rose, eucalyptus, clove, 
and lemon) twice daily for 3 months and olfactory function 
was assessed using Sniffin’ Sticks [33]. There was significant 
benefit in olfactory function from this intervention.

The rationale for this treatment is thatrepetitive stimula-
tion of the olfactory system could enhance regenerativeca-
pacity and/or allow for proper neuron survival and targeting 
during recovery.Subsequent studies have elaborated on this 
paradigm, with variations on thetreatment duration, odor con-
centrations, and with change in odorants afterevery 3 months 
with some additional benefit. However, other groups havesug-
gested that the benefit from olfactory training may be similar 
to spontaneous recovery [34–37]. Further research would be 
helpful to determine the benefit of this intervention beyond 
that of spontaneous recovery and with more specific inclusion  
criteria (i.e., etiologic homogeneity) and standardized treat-
ment durations. Based on the available current evidence, we 
routinely recommend olfactory training in symptomatic cases 
of olfactory loss which has been persistent, including follow-
ing COVID-19 infection. The olfactory training paradigm 
adopted by the authors is included as Fig. 1.

Recent research has focused on the neurobiological basis 
of the effect and whether the effects are central (cortical) 
or at the level of the sensory epithelium. In 2018, Hummel 
et al. showed that electro-olfactogram (EOG) recordings from 
olfactory epithelium were higher in patients after OT, sup-
porting the presumed effect on neuronal signaling and plas-
ticity [38•]. More recently, Al Aïn et al. showed increased 
cortical thickness in olfactory processing areas of the brain 
after 6 weeks of olfactory training [39]. Further neuroimaging 
studies of patients with post-traumatic olfactory loss under-
going OT have suggested that the benefit in this group could 
be due to functional cortical changes rather than enhance-
ments at the sensory epithelium [40, 41]. It is entirely pos-
sible that both central and peripheral processes are impacted 
by this intervention, but further studies are needed to better 
understand the underlying biological changes.

Acupuncture

Traditional Chinese Acupuncture (TCA) has been used for 
centuries as treatment for a variety of medical conditions. 
This technique was studied by Dai et al. in 50 patients with 

23Current Allergy and Asthma Reports (2022) 22:21–28



1 3

post-viral olfactory loss refractory to various conventional 
treatments (oral steroids, vitamin B, olfactory training, or 
intranasal steroids) [42]. After 3 months of three-times 
weekly TCA, 11 of 25 patients in the treatment group 
reported improved olfactory function of at least 4 points on 
the University of Pennsylvania Smell Identification Test, 
whereas 4 of 25 reported improvement in the no treatment 
group (p = 0.031). Similar to other interventions, patients 
with shorter symptom duration, and those with hyposmia 
rather than total smell loss tended to be more likely to 
improve. Another study of 15 patients with post-viral olfac-
tory loss showed that those who underwent once-weekly 
TCA for 10 weeks were more likely to improve their olfac-
tory function compared to those who received vitamin B 
(53.3% vs. 13.3%, respectively) [43].

Surgery

One of the cardinal symptoms of chronic rhinosinusitis is 
olfactory dysfunction and is present in a substantial portion 
of affected patients. The etiology of this dysfunction may 
be related to physical obstruction of odorants reaching the 
olfactory cleft (i.e., conductive loss) and/or inflammatory 
mediators affecting the functioning of the neuro-epithelium. 
There is considerable evidence that endoscopic sinus surgery 
benefits olfaction [44], presumably by controlling the under-
lying disease process through ventilation of the paranasal 
sinuses and facilitation of topical therapies. This improve-
ment may be even more apparent and likely in patients who 
undergo concomitant septoplasty, have obstructive nasal pol-
yps, and have more severe baseline olfactory dysfunction 
[45•]. This literature, however, is heterogenous in terms of 
the measures used to assess olfaction (i.e., subjective, odor-
identification, or odor-threshold).

In addition to surgery for chronic rhinosinusitis, nasal 
surgery including septoplasty and septorhinoplasty has also 
been studied as interventions which may improve olfaction by 
facilitating airflow and topical delivery to the olfactory cleft. 
However, this data is mixed, with a recent study indicating 

that there are no beneficial effects while others have demon-
strated favorable responses. The literature related to septorhi-
noplasty is more limited, but early results suggest a modest 
benefit to olfactory function [46, 47]. It is important to note 
that these interventions also carry inherent risk for olfac-
tory impairment due to iatrogentic injury related to trauma 
or scarring of the olfactory cleft, or surgical disruption of 
the olfactory system during endoscopic skull base surgery.

Occasionally, patients with olfactory disorders includ-
ing significant parosmias or phantosmias unresponsive to 
medical therapies and with significant impact on quality of 
life may be considered for surgical removal of the olfactory 
epithelium. This has been shown in several small series to be 
effective in resolving phantosmia symptoms [48–50]. How-
ever, the risks associated with this intervention should be 
carefully considered against the potential benefits. Specifi-
cally, given that olfactory disturbances may be the sign of 
recovery and may improve with treatment. This procedure 
should be considered only after careful evaluation and selec-
tion by a surgeon with experience in olfactory disorders at a 
facility equipped to manage the possible complications (e.g., 
cerebrospinal fluid leak).

Emerging Treatments

Commensurate with advancements in our understanding 
of the biological basis of olfactory loss, novel therapeutic 
options have also recently emerged.

Researchers have recently studied the use of N-acetylcysteine 
(100 mg/kg twice daily) after acute olfactory neuronal injury 
in animal models with promising results [51]. These research-
ers found a neuroprotective effect with this treatment, with sig-
nificantly fewer olfactory neurons undergoing apoptosis in the 
group undergoing the treatment. Given the potential protective 
effects of this medication on a molecular level, there is some 
promise that this therapy could also provide clinical benefit to 
olfaction in humans, perhaps after head trauma.

The inherent regenerative capacity of the olfactory epi-
thelium offers a compelling therapeutic target for treatment. 

Fig. 1  Olfactory Training Para-
digm, adopted by the authors 
(adapted from Altundag et al. 
[30]) Caption: A set of four 
odorants as described below  
are selected every three months  
for olfactory training. Each 
odorant is smelled for 15 seconds, 
with a 10 second rest between 
odorants. The set of odorants 
are smelled twice daily

Rose Eucalyptus Lemon Clove

Menthol

Green Tea

Thyme Tangerine Jasmine

Bergamot Rosemary Gardenia

10s10s 10s
15 seconds 15 seconds15 seconds 15 seconds

Months 0-3

Months 3-6

Months 6-9

Repeat 
twice 
daily

Repeat 
twice 
daily

Repeat 
twice 
daily
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Yan et al. recently reported the use of platelet-rich-plasma 
(PRP), which is derived from the patient’s blood and with 
known pro-regenerative properties. Seven patients (2 with 
anosmia, 5 with hyposmia) with olfactory loss without 
signs of sinonasal inflammation recalcitrant to olfactory 
training and topical corticosteroids were included. Three of 
the patients with hyposmia achieved normosmia at 3-month 
follow-up [52]. Future studies are needed in a larger cohort 
with controls to determine the potential benefit of this 
intervention.

Metaplastic respiratory epithelial replacement and aneu-
ronal degeneration can occur with various forms of olfactory 
loss. Therefore, activation or replacement of the stem cells 
typically responsible for the normal maintenance and repair 
of olfactory epithelium is another promising future therapeu-
tic option [53, 54]. Kurtenbach et al. used this concept in a 
mouse model of hyposmia and showed improvement in func-
tion with nasal infusion of stem cells [55]. These methods 
may provide a future new era of treatment for those suffering 
smell loss related to disorders of the olfactory epithelium 
including post-viral causes, toxic exposure, and aging. How-
ever, more central causes would not be expected to benefit 
from this technique.

Electrical neurostimulation of the olfactory bulb or more 
central pathways provides another potential therapeutic inter-
vention similar to other sensory systems such as hearing, 
balance, and vision [56, 57]. As a recent proof-of-concept 
study demonstrating the ability to electrically stimulate the 
olfactory bulb, three of five patients reported perception of 
smell with stimulation transnasally through the ethmoid sinus 

[58••]. Further studies are underway with the ultimate goal 
toward an olfactory implant system, similar to other avail-
able electrical neurostimulatory devices to restore olfaction 
in patients with olfactory loss in the future.

Conclusions

Here, we present the recent literature regarding treatment of 
olfactory dysfunction. In our experience, determining the 
etiology of the condition by careful elicitation of history is 
paramount to determining an effective treatment strategy. A 
summary of the common causes and treatments for olfactory 
loss is shown in Fig. 2.

The current best evidence for treatment of one common 
type of olfactory loss, due to rhinosinusitis, remains sys-
temic and/or topical corticosteroid therapy. An oral steroid 
taper can provide initial but typically temporary improve-
ment in these patients if no further intervention is provided. 
The steroid taper can also help determine if the smell loss 
has reached a state of permanent loss after a prolonged 
inflammatory state. However, in most circumstances, an 
initial steroid taper allows for effective maintenance therapy 
through topical steroid rinses or inhaler devices. The deci-
sion to initiate systemic corticosteroid treatment should fol-
low a thorough discussion of the rationale and the potential 
adverse effects. Endoscopic sinus surgery may be helpful in 
patients who do not respond adequately to appropriate medi-
cal therapy and also have additional symptoms consistent 
with chronic rhinosinusitis. Furthermore, newer systemic 

Fig. 2  Summary of common causes of olfactory loss and relevant treatments. Caption: Photo Credit: Creative Commons, attribution by unknown 
authors, CC-BY
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immune modulating drugs have also shown recent promise 
especially in recovery of olfactory function in patients with 
refractory polyp disease. Unfortunately for all other forms 
of smell loss unrelated to chronic rhinosinusitis, medical 
therapies are mostly unproven. Olfactory training remains 
a viable and safe treatment option for these patients with 
several studies showing benefit. Increased duration of treat-
ment (i.e., greater than 3 months) and rotation of odorants 
(i.e., replacement of odorants after 3 months) may increase 
efficacy.

Emerging and adjunctive treatments do show some prom-
ise in patients who do not respond to the above therapies. 
Patients who have failed standard therapies may be presented 
with the option of enrolling in studies to pursue treatments 
that are yet available. Given the burgeoning scientific, clini-
cal, and societal interests in olfactory loss and the treatments 
therein, especially in response to the recent COVID-19 pan-
demic, there will assuredly continue to be major advances in 
the treatment of this impactful condition in the coming years.
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