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Abstract

Purpose of Review This study aims to summarize and critically review recent literature on management of post-traumatic
olfactory dysfunction (PTOD) with emphasis on the diagnostic procedure and treatment options.

Recent Findings Magnetic resonance imaging and olfactory testing are the basis of the diagnostic procedure. Time of
diagnosis is critical as the most improvement occurs within the first year after trauma. Olfactory training and oral steroids
seem to be a relatively evidence-based therapeutic option but with non-optimal results. Surgery has a limited place in the
management of PTOD. Promising future options could be the development of olfactory implants and transplantation of
olfactory epithelium or stem cells.

Summary PTOD management is challenging as it has several pathogenetic mechanisms and relatively poor prognosis.
Patients with olfactory impairment and head trauma have diminished quality of life, and increased risk for harmful events
and development of depression. Thus, clinicians should not only focus to therapeutic options but equally to appropriate
counseling to their patients in order to decrease risks of personal injury and improve their daily life.
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Introduction dysfunction (OD), co-morbidities etc., and different loca-
tion of the olfactory system lesions. This makes every case

Post-traumatic olfactory dysfunction (PTOD) along with post-  of PTOD almost unique especially if we consider the psy-

infectious olfactory dysfunction (PIOD) and rhinosinusitis ~ chological impact of trauma itself and/or the psychologi-

are the most common olfactory disorders in smell and taste  cal consequences due to olfactory loss. The management of

special clinics. Its incidence varies with a range from 5 to  olfactory disorders due to trauma is a challenging procedure

30% depending on the source of the data [1-3]. Often, this  requiring in some cases a multidisciplinary approach.

clinical entity remains undiagnosed and underestimated.

This is because it includes a wide range of patients’ profiles

from people with mild injuries and mild olfactory dysfunc- Pathophysiology

tion, which may run undetected, to people with multiple

severe injuries where olfactory loss is not a priority for both ~ Understanding of the pathogenetic mechanisms of PTOD is

patients and clinicians. crucial in order to properly plan a therapeutic strategy.
PTOD patients form a very inhomogeneous patients’

group as a result of the different trauma mechanisms, dif- The mechanisms described are mainly four:

ferent severity levels regarding hospital stay, olfactory

1. Conductive loss of olfactory function due to nasal air-
way blockage toward olfactory cleft (rare). Decreased
nasal airstream toward the olfactory cleft can be resulted
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2. Sensorineural loss due to olfactory nerve filament dam-
age. Olfactory filaments can be directly damaged by
fractures of skull base and indirectly by antero-posterior
movement of the brain against the skull base, the so-
called coup-contrecoup injuries. This type of injury can
result in shearing and/or stretching of the olfactory fila-
ments. In the latter case, edema of the filaments and col-
lapse of the blood supply from the branches of anterior
ethmoidal artery can lead to subsequent ischemia and
axonal degeneration [3-5].

3. Sensorineural loss due to central brain lesions. Injury to
any part of central component of the olfactory system
can lead to OD. The injury’s severity varies from brain
edema to hematoma and contusion. Lesions in olfactory
bulb, frontal lobe, and temporal lobe have the higher
correlation with OD [3-6].

4. Sensorineural loss due to superficial siderosis (rare).
Superficial siderosis of the central nervous system
(CNS) is a rare condition causing OD as a late com-
plication of brain trauma. It is caused by deposition of
hemosiderin in the superficial layers of the CNS due
to repeated chronic subarachnoid or intraventricular
hemorrhage. This leads to an intracranial iron overload
which is toxic for the olfactory nerves [7].

In clinical practice, physicians should keep in mind that
the above-described mechanisms (Fig. 1) can be combined.
Considering that medications given for the traumatic brain
injury can possibly have a negative impact on olfaction (e.g.,
anticonvulsants), our diagnostic workup should be detailed
and focused on the pathogenetic mechanisms.

Diagnosis
History

A detailed history of the OD can provide significant infor-
mation regarding the prognosis of a patient. The age seems
to be a significant prognostic factor of recovery as younger
patients present better olfactory test results [1, 8, 9].

The duration of OD is critical, as in the majority of stud-
ies the first year after trauma is the period of time where
most of the recovery occurs with gradual decrease during the
second year and a plateau of recovery likelihood within the
next years with a very low possibility for further improve-
ment [8-11].

Questions about the mechanism of trauma could
help in the better understanding of patients’ complaints

Fig. 1 The four pathogenetic mechanisms of PTOD in schematic draw-
ing. A Shearing or stretching of olfactory filaments (bidirectional arrow
indicates the movement of brain against skull base in coup-contra
coup injuries). B Conductive loss (left side) due to disturbed airstream

@ Springer

toward olfactory cleft (arrows) and/or (right side) secondary sinusitis
blocking the olfactory cleft. C Central brain lesions. D Subarachnoid
(left side) and subcortical (right side) brain siderosis (black areas indi-
cate the areas of hemosiderin deposits)
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especially in the absence of imaging findings. For exam-
ple, the antero-posterior movement of the brain in relation
to the skull base is commonly seen following motor vehi-
cle accidents or ground-level falls to the occipital area. A
cadaveric study indicated that frontal lobe retraction in a
posterior direction from the olfactory bulb, regardless of
angle from the skull base, is associated with high risk of
olfactory nerve damage [12]. In addition, previous stud-
ies showed that an occipital injury is more likely to cause
olfactory dysfunction than a frontal one [13, 14].

Subjective ratings of OD are always useful as they
describe the degree of patients’ complaints; however,
these should always be accompanied by olfactory testing.
Severity of the OD is also a prognostic factor and anosmia
or hyposmia diagnosis should be mainly based on psy-
chophysical testing as there is a discrepancy between test
results and subjective ratings.

Patients should be asked to report other pre-existing
olfactory deficits such as aging, neurodegenerative dis-
orders, PIOD, rhinosinusitis, and medications. In addi-
tion, history of previous nasal surgery and head-and-neck
radiotherapy should be taken into account as nasal mucosa
dysfunction and scarring may have an additional negative
effect.

Complaints of a metallic taste or of a clear rhinorrhea,
symptoms which are suggestive of fractures at the anterior
skull base, are important as they are highly related with
OD [15].

History of hospitalization in an intensive care unit
and peri-traumatic amnesia are indicators of more severe
injury of the olfactory system [16]. In a study by Green
et al., patients with amnesia lasting > 10 days had a six
times higher possibility to have OD than patients without
amnesia [17].

Traumatic brain injury (TBI) is associated with an
increased risk of depressive symptoms [18]. In addition,
OD regardless of the presence of TBI may lead to similar
symptoms [19, 20]. A more recent study showed that about
one-fourth to one-third of patients who lost their sense of
smell showed depressive symptoms [21]. In conclusion,
this relationship between OD, TBI, and depression cre-
ates a significant pool of patients requiring psychological
assessment.

Finally, questions regarding other sensory systems
should complete our history, as PTOD has been related
with hearing loss (41%), tinnitus (22%), dizziness (14%),
and visual disturbances (3%) [3, 22].

Specifically, late onset of hearing loss followed by
anosmia even years after a head trauma should raise a sus-
picion of superficial siderosis as acoustic nerves are very
sensitive to hemoglobin metabolic products and requires
further investigation with an MRI [7].

Physical Examination

Palpation of the face can help in the detection of nasal and
more complex facial fractures. Bruising around the eyes
(raccoon eyes) and the mastoid area (Battle’s sign) are sug-
gestive of skull base fractures [23]. Nasal endoscopy is man-
datory as it can reveal a septal fracture, hematoma, evidence
of sinusitis, and any other source of potential nasal blockage
toward the olfactory cleft.

Psychophysics

As subjective ratings of olfactory function are not reliable,
diagnostic procedure should always include measurements
of OD by means of psychophysical testing. Many tests are
available, with the most widely used being the UPSIT test
and the Sniffin’ Sticks test. Both tests have large normative
data and can distinguish hyposmia and anosmia with high
specificity and sensitivity [24, 25]. Incidence rate for anos-
mia after TBI is relatively high and is highly correlated with
the severity of the trauma [11].

Unfortunately, such tests do not exist for the assessment
of qualitative disorders such as parosmia and phantosmia.
Recently, a new test method developed the so-called Sniffin'
Sticks Parosmia Test (SSParol’) which measures qualitative dis-
orders based on the odors of the Sniffin' Sticks Identification
subtest [26]. The test uses hedonic estimates of two oppositely
valenced odors (pleasant and unpleasant) to assess hedonic
range and direction. However, although initial results seem
promising, the test needs further validation in large cohorts.

Imaging

Imaging is mandatory in the diagnostic procedure of PTOD.
Unfortunately, in multi-injured patients, often their initial
imaging has not the optimal characteristics to assess properly
the olfactory system or the neighboring structures. In such
cases where initial scans are suggestive of injury but incon-
clusive, imaging dedicated to the olfactory areas of inter-
est is indicated. High-resolution CT scan (thin-cut < 1 mm)
without intravenous contrast for the assessment of anterior
skull base, nasal cavities, and paranasal sinuses is the modal-
ity of choice [27].

Skull base fractures can be seen on a CT scan (fracture
lines at the frontal, ethmoid, sphenoid, temporal, and occipi-
tal bone) or be highly suspected if post-traumatic fluid is
observed in the mastoid or intracranial air is located adjacent
to the skull base. A CT scan can also diagnose contusion of
the brain detecting cortical lesions, and/or subarachnoid or
intraventricular hemorrhage [27, 28].

The assessment should always be completed with a mag-
netic resonance imaging (MRI) as it can demonstrate better
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the entire olfactory system providing information regarding
(1) the olfactory mucosa inflammation and the presence of
mucosal inflammation in sinonasal cavities, (2) the integ-
rity of olfactory bulbs (OBs) and orbitofrontal cortex (OFC)
area, and (3) subtle cerebral lesions including intraparenchy-
mal hematomas or contusion (Fig. 2) [29].

A basic MRI assessment should include 2-mm-thick
T2-weighted images in fast spin echo (FSE) mode in the
coronal plane as it provides the best anatomical olfactory
tract overview, detection of parenchymal lesions, and can
be used for OB volumetry. The examination covers all brain
areas for detection of parenchymal contusions. In addition,
both fluid-attenuated inversion recovery (FLAIR) sequence
and hemosiderin-sensitive T2 sequence can be performed
for this purpose.

A large body of the literature exist showing that OB
volumes correlate with olfactory function [30, 31]. In
T2-weighted FSE images, hypointense OBs surrounded
by bright cerebrospinal fluid (CSF) are well seen within
olfactory grooves and can be measured. OB volume meas-
urements can be performed by means of special software
providing significant information regarding prognosis. Spe-
cifically, a volume at baseline assessment of > 40 cm is con-
sidered as a good prognostic factor [32ee].

Recent data add the shape of OB as another factor of
diagnostic value in PTOD patients’ assessment. Yan et al.
showed that an irregular OB shape was significantly more
often observed in PTOD [33].

Fig.2 MRI of a 27-year-old female patient with anosmia after a car
accident and frontal impact. Bilateral hemorrhagic regions in OFC
areas can be seen
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Finally, MRI is the only imaging modality to diagnose the
rare condition of superficial siderosis with high sensitivity
and specificity. T2-weighted sequences are exquisitely sensi-
tive, presenting a well-defined hypointense rim that deline-
ates usually most of the brain stem, cerebellum, some of the
lower cranial nerves, and the fronto-polar, fronto-basal, and
temporo-polar subarachnoid spaces [7].

Malingering

The detection of malingerers is a crucial part of evaluation of
PTOD patients as quite often they are involved in litigations
with financial claims and/or application for invalidity pen-
sion due to injury. In general, malingerers tend to not report
or decrease the number and intensity of symptoms related
with concomitant nasal pathology giving a leading history
toward OD due to craniofacial trauma [34].

During psychophysical testing, malingerers try to have
a result close to 0 as they believe that this way it is clearer
that there is no residual olfactory function [35]. Patients with
an extremely low score in psychophysical test and applica-
tion for a consultation which will be used in legal issues
should be suspected for malingering. This is because the
forced choice nature of the most widely used tests allows
even anosmic patients to have a certain number of correct
answers after random guesses. In addition, the examiner can
use additional trigeminal stimulants or focused on the items
with strong trigeminal component to indicate whether or
not the patient can identify them. Again, patients trying to
maximize their OD may report that they are unable to iden-
tify trigeminal stimulants, although their trigeminal system
is intact.

However, a medical consultation cannot rely only on psy-
chophysical tests as they are based on patients’ subjective
response. The above-described findings in a psychophysical
test are only suggestive of malingering and although they
raise a suspicion for the examiner, they are not an objective
proof of it.

Additional information can be obtained by imaging
assessment. Absence of facial fractures and brain lesions
in areas like frontal and temporal lobes and olfactory bulbs
decrease significantly the possibility of anosmia. A scor-
ing system of MRI has been developed predicting anosmia
with a relatively high accuracy based on bilaterality of brain
lesions, specific location of lesions, and patient’s age [36].

Objective methods to detect residual olfactory function
like electro-olfactogram (EOG) and event-related potentials
of the brain exist and have the ability to show activation of
the olfactory system after stimulation with odorants, with-
out patient’s response [37, 38]. However, these methods are
available in a few centers and present certain limitations.
They require complex and usually expensive equipment and
a considerable subject cooperation as a patient should be
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sitting very still during a recording session. Thus, even these
methods are vulnerable to malingering.

Despite all the above methods to detect malingering, a
medical consultation cannot be based strictly in any kind
of measurement. It should reflect the general feeling of the
examiner who spent time with the patient and knows the
way of answering, his or her reactions during testing, and
even the face reactions when a bad or strong trigeminal odor
was presented.

Treatment
Steroids

The anti-inflammatory effect of steroids has been shown in
animal studies where an improved neuronal recovery was
found following olfactory nerve transaction [39e]. Ster-
oids suppressed the inflammatory reaction and reduced the
glial scar formation. Scar tissue formation creates a barrier
between regenerated olfactory neurons and the olfactory
bulb preventing their reconnection.

In Fujii et al.’s study, patients with an early steroid
treatment with intranasal injection had higher olfactory
improvement [40]. In addition, patients with olfactory
improvement were significantly younger than those who
remained unchanged. This observation might be related to
an age-related decreased proliferation of olfactory neurons.
Aging can also indirectly affect the recovery via a reduced
resistance of olfactory mucosa to inflammatory effects and/
or reduced adrenergic innervation of the microscopic vascu-
lature around the olfactory bulb and mucosa.

The use of nasal steroids is a common practice by clinicians
in the treatment of olfactory loss, regardless of etiology. The
literature which is in support of their use is mainly based on
results coming from CRS-related OD [41, 42]. In non-CRS-
related OD, evidence is limited and non-conclusive. There is
a lack of high-quality studies proving efficacy of either topical
or oral steroids for sensorineural OD, with only one level 1
evidence study suggesting their use [43]. For topical steroids,
this may be related to the difficulty to apply steroids properly
in the olfactory cleft.

Most of the evidence regarding the beneficial effect of
steroids on olfaction comes from studies with oral steroids
[44, 45]. However, the positive response of some patients to
systemic treatment could be due to a pre-existing inflamma-
tory background in their nasal cavities.

Recent research provided evidence that olfactory gene
expression may also be influenced by this systemic ther-
apy [46]. Unfortunately, the existing studies do not provide
strong evidence on the positive effect of steroid treatment on
PTOD. However, it seems reasonable to prescribe a course
of oral steroids in patients with a short history of the disease

or inflammatory background in the upper airway. This treat-
ment, if chosen, should be given after a thorough discussion
with the patient about its potential adverse effects.

Olfactory Training

Previous meta-analyses provided data establishing olfactory
training as a treatment option on OD as it has a significant
beneficial effect [47, 48]. Specifically, for trauma cases,
a recent meta-analysis demonstrated that 36.31% of post-
traumatic patients achieved significant improvement after
olfactory training within 8 months [49]. Compared to the
percentage of spontaneous recovery within 74 months of
follow-up, patients with PTOD receiving olfactory training
seem to have a relatively higher recovery rate within a short-
term treatment duration. However, clinicians should inform
patients that PIOD responds better to olfactory training and
had higher rates of olfactory improvement compared with
PTOD. Although olfactory training is a choice of treatment
for olfactory disorders due to head trauma, the recovery rate
is relatively low.

Olfactory training combined with local or systematic
steroid has been used by several authors for the treatment of
PTOD [50, 51]. The percentage of patients with combined
treatment and improvement was between 33 and 50%, which
is higher than that in patients following only olfactory train-
ing. However, the positive effect of steroids always raises
questions about how much reflects an improvement of con-
comitant inflammation or acts on olfactory neurons directly.

Hummel et al. showed by means of EOG from olfactory
epithelium that patients following olfactory training had
higher recordings, suggesting a peripheral effect of olfactory
training in the olfactory system [52e]. Other authors showed
central effects of olfactory training with increased cortical
thickness in olfactory processing areas of the brain. Specifi-
cally, for PTOD, further studies suggested that the benefit in
this group could be due to central functional changes rather
than peripheral [53, 54]. Considering that PTOD includes
a variety of patients with peripheral and central lesions, the
positive effect of olfactory training in both ways (central and
peripheral) makes it a very suitable treatment option.

Surgery

Surgery can be offered at an acute setting when a septal
hematoma or a fractured septum with open trauma occurs
and requires immediate reconstruction. At the second stage,
rhinosinusitis due to blocked sinuses as a consequence of
the trauma can lead to OD. This dysfunction may be a result
of olfactory cleft obstruction due to edema and inflamed
mucosa (conductive loss) and/or inflammatory gradual
destruction of the structure and function of olfactory epi-
thelium [55]. When conservative treatment with steroids
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and antibiotics fails, then endoscopic sinus surgery is the
option of choice as it benefits olfaction by controlling the
underlying disease through better ventilation of the parana-
sal sinuses and easier application of topical therapies [56].

In addition, there is evidence that operations like septo-
plasty and septorhinoplasty at the second stage after trauma
may improve olfactory function by facilitating airflow
toward the olfactory cleft and local application of medica-
tions [57].

Finally, a limited number of patients with intense paros-
mias or phantosmias unresponsive to conservative treat-
ment and significant impact on their quality of life may be
candidates for endoscopic surgical removal of the olfactory
epithelium.

Persistent parosmia or phantosmia may be initially treated
by local application of cocaine or xylocaine in the olfac-
tory cleft [58]. This can be diagnostic, detecting the most
affected side, and therapeutic. Anesthetizing the olfactory
mucosa provides symptom-free intervals helping patients
at this time to enrich their diet and food income. However,
this effect lasts for a short period of time and needs repeated
application. In case of conservative treatment failure, then
options like surgery on the olfactory cleft may be offered.

This kind of surgery has been shown to be effective to
manage phantosmia in some small case series [59, 60].
However, before such a decision, a surgeon should exten-
sively explain to the patient the risks associated with surgi-
cal removal of olfactory epithelium (e.g., CSF leak) and the
potential benefits.

Other Treatment Options

A study by Jiang et al. showed a promising effect of zinc
gluconate in the treatment of PTOD including 35 patients
receiving only zinc and a recovery rate of 25%, and a group
of 39 patients having combined treatment of zinc and ster-
oids and a recovery rate of 28% [61]. The hypothesis behind
this was that zinc may be effective in regenerating olfactory
receptor cells [62]. However, olfactory bulb volumes did
not improve in zinc groups and no further data from other
authors confirmed the above results.

Vitamin A seems to be involved in the regeneration of
olfactory receptor neurons. There is evidence that local
application of vitamin A (10,000 IU per day) when com-
bined with olfactory training had better improvement
compared with training alone in patients with PIOD [63].
Although this was not the case in PTOD patients, the fact
that discrimination score showed significant improvement
indicates that topical application of vitamin A deserves fur-
ther attention as a therapeutic option.

Recent research studied in animals the use of N-
acetylcysteine (100 mg/kg twice a day) after acute olfactory
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neuronal injury, providing promising results [64]. The
authors found a neuroprotective effect of N-acetylcysteine,
with significant decrease in apoptosis of olfactory neurons
in the treatment group.

Yan et al. reported a multicentric, prospective, rand-
omized controlled trial of 110 patients undergoing trans-
sphenoidal surgery and found omega-3 supplementation to
be protective against olfactory loss [65]. Although this study
is on patients suffering from skull base tumors, the surgery
required resembles a peripheral trauma of the olfactory sys-
tem and needs further attention.

Oral administration of theophylline has demonstrated
some improvements in olfaction. This may be a result of
increased levels of cyclic adenosine monophosphate and
cyclic guanosine monophosphate in nasal secretions, which
are lower in hyposmic patients [66]. However, in this study,
the authors, although included PTOD patients, did not report
their results according to different etiologies of OD.

Counseling

Patients with OD face problems in their everyday life that
affect significantly their quality of life. The loss of smell
can alter their nutritional status as patients tend to reject
foods with unpleasant odors. In addition, the enjoyment of
food that patients continue to eat is impaired. The role of
the physician is to broaden the spectrum of diet and to make
food more interesting in terms of enjoyment. Combination of
foods with different colors, texture, and temperature can help
in this direction. Addition of spices can trigger trigeminal
nerve giving an extra flavor in patients’ food.

OD also has an impact on interpersonal relations. Many
patients are insecure about their personal hygiene, avoiding
friends and sexual partners [19, 21]. Thus, psychological aid
in certain cases seems mandatory.

Safety in everyday life is a very important issue especially
for patients who live alone. The danger of a fire is relatively
high and gas detectors are mandatory as 45% of anosmic
patients had at least one cooking-related hazardous event
[67]. Labeling of foods and special attention to expiry dates
can help to avoid eating spoilt food.

Future Directions
Stem Cells

Cell-based therapy may have a potential role for the treat-
ment of OD [68]. Recently, an animal study in rodents by
Kurtenbach et al. showed a positive effect of olfactory stem
cell treatment [69]. Specifically, the treatment led to the
development of olfactory neurons in the OE, with the pro-
jection of their axons connected into the OB. Although the
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available data are coming from animal models, study results
like this where transplantation of tissue-specific stem cells
resulted in a possible functional restoration of the olfactory
epithelium are really promising. However, this kind of treat-
ment may have a potential role in post-traumatic cases with-
out central lesions as it targets the periphery of the olfac-
tory system and the connection between OE and OB. Future
studies have to face challenges regarding the safety of these
treatment options, particularly with regard to potential of
carcinogenesis.

Olfactory Epithelium Transplantation

There were also efforts to transplant olfactory mucosa in
different locations of the CNS including the OB. Since 1983,
animal studies showed that olfactory mucosa of neonatal rats
can be transplanted in the brain cortex and the fourth ven-
tricle with the neurogenesis remaining despite the ectopic
position of the mucosa [70].

Olfactory mucosa could also be transplanted into the OB
with a relatively high survival rate (83%) and integrity of its
structure [71]. However, functional synapses with the bulb
could not be demonstrated. Overall, it has been shown that
olfactory mucosa can be transplanted in various parts of the
cortex as well including the fourth ventricle and the OB.

Although olfactory mucosa implants survived in different
brain locations, the lack of functional connectivity does not
currently provide convincing evidence for future treatment
of post-traumatic cases with central brain lesions.

Implants

According to Besser et al., approximately one-third of
patients in their study considered an olfactory implant as a
therapeutic option [72]. Suitable candidates for it could be
selected patients with a high degree of complaints and fail-
ure of conventional methods of olfactory rehabilitation, rela-
tively low olfactory test scores, and people with professions
requiring olfactory function (e.g., chefs, wine tasters, etc.).
Animal studies showed that direct stimulation of the OB
can reproduce spatial patterns of odorant-induced neuronal
activity [73]. In humans, both subdural and transethmoid
electrical stimulation of the OB could induce perception of
smell [74]. There are currently described surgical techniques
in cadavers for olfactory implantation in humans in order
to avoid a transcranial approach [75]. An olfactory implant
could be a solution for PTOD patients with integrity of OBs,
for example, complete shearing of the olfactory filaments at
the skull base. Olfactory implantation undoubtedly deserves
more research efforts first to produce a feasible electrode
array and then to find out the way to place it along the OB
safely.

Conclusions

PTOD includes an inhomogeneous group of patients with
a variety of injuries involving the periphery and the central
compartments of the olfactory system. Diagnosis should be
based on focused history, olfactory testing, and imaging (CT
scan and MRI). Treatment options are limited with olfactory
training and steroids being the more effective. Prognosis is
still relatively low depending on the severity of injury with
recovery occurring mainly during the first year post-trauma.
However, cases of late improvement exist and clinicians
should encourage patients to follow their treatment scheme
regardless of the timing of the baseline assessment.
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