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The Olfactory System and Its Disorders

Richard L. Doty, Ph.D."

ABSTRACT

The sense of smell is greatly underappreciated, despite the fact that it monitors the
intake of airborne agents into the human respiratory system and determines to a large degree
the flavor and palatability of foods and beverages. In addition to enhancing quality of life, this
primary sensory system warns of spoiled foods, leaking natural gas, polluted air and smoke,
and mediates basic elements of communication (e.g., mother—infant interactions). It is now
apparent that smell dysfunction is among the first clinical signs of such neurodegenerative
diseases as Alzheimer’s disease and sporadic Parkinson’s disease. In this brief article, the
author reviews the anatomy and physiology of this primary sensory system, means of
assessing its function, and major diseases and disorders with which it is intimately associated.
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A.lthough neglected by the medical community
at large, olfaction is critically important for safety, nutri-
tional status, and quality of life; its dysfunction is now
known to be among the earliest “preclinical” signs of
Alzheimer’s disease (AD) and sporadic Parkinson’s dis-
ease (PD).1™° Among 750 consecutive patients present-
ing to the University of Pennsylvania Smell and Taste
Center with chemosensory complaints, 68% experienced
an altered quality of life, 46% changes in appetite or
body weight, and 56% adverse influences on daily
living or psychological Well—being.7 In another study of
445 patients with complaints of chemosensory disturb-
ance, at least one hazardous event, such as food poison-
ing or failure to detect fire or leaking natural gas, was
reported by 45.2% of those with anosmia, 34.1% of those
with severe hyposmia, 32.8% of those with moderate
hyposmia, 24.2% of those with mild hyposmia, and
19.0% of those with normal olfactory function.?

Most complaints of decreased “taste” function
actually reflect decreased smell function.” Such flavors
as coffee, chocolate, vanilla, strawberry, pizza, licorice,
steak sauce, root beer, and cola are dependent upon
stimulation of cranial nerve (CN) I from volatiles that

enter the nasal pharynx during deglutition.9 These
sensations disappear when the olfactory epithelium is
markedly damaged, leaving intact only somatosensory
sensations and the perception of the primary taste qual-
ities of sweet, sour, salty, bitter, metallic, and umami
(monosodium glutamate—like). Whole-mouth taste func-
tion is much more resilient to pathologic or trauma-
related alterations than is smell function, in large part
because of the redundant innervation of the taste buds
from several cranial nerves (i.e., CN VIIL, IX, and X).”

In this article the anatomy and physiology of the
olfactory system is reviewed, as well as means for assess-
ing its function and disorders in which it is intimately
involved. Emphasis is placed on disorders commonly
encountered by the practicing neurologist.

ANATOMY AND PHYSIOLOGY

Sensory Receptors and Primary Neurons

The peripheral elements of the olfactory system consist
of ~6 million bipolar receptor cells whose cell bodies,
dendrites, and initial axon segments are located within
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the olfactory neuroepithelium in the roof of the nasal
chamber.'® This pseudostratified columnar epithelium is
supported by a highly vascularized lamina propria cover-
ing the cribriform plate, the superior septum, and sectors
of both the superior and middle turbinates.! The
receptor cell axons project through the cribriform plate
of the ethmoid bone and synapse within the glomerular
layer of the olfactory bulb after forming into bundles—
the olfactory fila. Receptor-bearing cilia, numbering
from 3 to 50 per cell, project from the dendritic ends
of the receptor cells into the overlying mucus, in some
cases radiating over 30 pm. In the human, the surface
area of the cilia is ~25 mm?.1?

The bipolar receptor neurons are unique in several
ways. First, they can regenerate from basal cells after
being damaged. Second, each cell serves as both a
receptor cell and a first-order neuron, projecting an
axon directly from the nasal cavity into the brain without
an intervening synapse. Their rather direct exposure to
the external environment, along with their large surface
area and minimal xenobiotic-metabolizing capacity,
make them a primary route of invasion into the brain
of several xenobiotic agents. Indeed, many neurovirulent
viruses are capable of penetrating the brain via the
olfactory receptor cells.™ Finally, such cells are highly
specialized, individually expressing receptors that re-
spond to only certain elements of odorant ligamds.14

The initial step in olfactory transduction is the
movement of odorants from the air phase of the nasal
cavity into the aqueous phase of the olfactory mucus.
Odorants, most of which are hydrophobic, then diffuse
or are transported through the aqueous medium to
olfactory receptor proteins of the cilia, ultimately induc-
ing action potentials in the receptor cells.” Although
several odorants stimulate free nerve endings from CN V
and some other cranial nerves distributed in the nasal
mucosa, nasal pharynx, or oral cavity, such stimulation
primarily involves somatosensory sensations of the
“common chemical sense,” such as warmth, coolness,
pungency, and irritation.®

There is marked genetic diversity in olfactory
receptors. A large multigene rodent family of ~1000
genes appears to code for odorant receptor proteins with
seven transmembrane domains.'” In humans, more than
half of this receptor gene family are pseudogenes,
indicating that the number of functional receptors is
less than 500."® Even though each receptor cell expresses
only one type of olfactory receptor, such cells respond to
a wide range of odorants. However, a given receptor,
though a “generalist,” does not respond to all stimuli
to which another receptor responds, thereby allowing for
cross-neuron quality coding.'*

The olfactory receptors cells are physically iso-
lated from one another within the olfactory neuroepi-
thelium by sustentacular or supporting cells.!! The latter
cells secrete mucopolysaccharides into the mucus, detox-

ify and degrade odorants, and transport some molecules
across the epithelium. However, most of the mucus that
covers the surface of the olfactory epithelium comes from
Bowman’s glands, specialized glands found only within
the olfactory epithelium. Among other cell types within
this epithelium are basal stem cells (the precursors of all
of the main types of cells of the epithelium) and the
poorly understood microvillar cells, which number
~600,000 in humans and send tufts of microvilli into
the nasal mucus.™

Olfactory Bulbs and Their Projections
Each ovoid olfactory bulb is located at the base of the
frontal lobe overlying the cribriform plate of the ethmoid
bone. The olfactory bulbs are composed of neurons,
afferent and efferent nerve fibers, multiple interneurons,
microglia, astrocytes, and blood vessels, all surrounded
by a thin layer of pia-arachnoid cells.” The bulb’s
cellular elements are arranged in six concentric layers:
the olfactory nerve layer, the glomerular layer, the
external plexiform layer, the mitral cell layer, the internal
plexiform layer, and the granule cell layer. The latter
layer makes up about half the volume of the entire bulb.

The receptor cell axons synapse within the spher-
ical olfactory bulb glomeruli, which are arranged in
single or double layers. These structures number in the
thousands in younger persons and are a defining feature
of the olfactory system. With age, however, the number
and integrity of the glomeruli greatly decrease, being
nearly absent in elderly persons.”’ The development and
maintenance of the glomeruli depend on trophic influ-
ences exerted by the receptor cells. Because a given
receptor cell projects to only one or two glomeruli, the
glomeruli are, in effect, functional representations of the
receptor ‘fypes.14

The main second-order neurons, which are the
primary output neurons of the bulb, are the mitral and
tufted cells. The apical dendrites of these cells are
influenced not only by the olfactory nerve terminals,
but also by interneurons and centrifugal fibers, most of
which are GABAergic or dopaminergic.*' Several bulbar
interneurons, including the granule cells, are replaced by
progenitors germinating within the subventricular zone
of the brain. These cells migrate along the rostral
migratory stream to the olfactory bulb.*?

Olfactory Cortex

The mitral and tufted cell axons leave the bulb via the
lateral olfactory tract to synapse on structures collectively
termed the primary olfactory cortex, including the ante-
rior olfactory nucleus (AON), the piriform cortex, the
anterior cortical nucleus of the amygdala, the periamyg-
daloid complex, and the rostral entorhinal cortex.
The components of the olfactory cortex have rich
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(and reciprocal) relationships with one another and
several higher brain structures. For example, the ento-
rhinal cortex supplies afferent fibers along the entire
length of the hippocampus. The axons of the pyramidal
cells of the AON, whose sectors lie within the posterior
segment of each bulb and the rostal part of the olfactory
peduncle, project to ipsilateral and contralateral (via the
anterior commissure) rostral olfactory brain structures,
playing a significant role in the regulation of neural input
to the two sides of the brain.*®> Although the olfactory
system is unique among sensory systems in sending fibers
directly to cortical regions without synapsing in the
thalamus, connections between the primary olfactory
cortex (e.g., entorhinal cortex) and secondary olfactory
cortex (e.g., orbitofrontal cortex) do occur via the dorsal
medial thalamus.

In general, the piriform cortex encodes higher-
order representations of odor quality, identity, and
familiarity, and is associated with the learning and
remembering of odors, as well as coordinating informa-
tion between olfaction, vision, and taste.?* The amygdala
is believed to respond only to the intensity of emotionally
significant, i.e., pleasant or unpleasant odors. The en-
torhinal cortex preprocesses information entering the
hippocampus, being intimately involved in learning
and memory.** The caudal orbitofrontal cortex has
been associated with odor detection, whereas the
more rostral regions are involved in working memory,
associative learning, and short- and long-term odor
recognition memory.24 The medial orbitofrontal cortex
and ventromedial prefrontal cortex are activated by
pleasant odors, whereas the lateral orbitofrontal cortex
and neighboring inferior prefrontal cortex are activated
by unpleasant odors.?> This medial:lateral responsive-
ness to pleasant and unpleasant stimuli occurs for other
senses as well, implying that these regions are important
for general sensory hedonistic processing.

TESTS OF OLFACTORY FUNCTION
Accurate olfactory assessment is essential to (1) establish
the validity of a patient’s complaint; (2) characterize the
specific nature of the problem; (3) reliably monitor
changes in function over time, including those resulting
from medical interventions or treatments; (4) detect
malingering; and (5) establish compensation for perma-
nent disability. Several patients who present with com-
plaints of anosmia or hyposmia actually have normal
function relative to their peers. Others are unaware of
their dysfunction. In the case of PD, for example, ~90%
of patients have a demonstrable olfactory loss, yet less
than 15% are aware of the problem until being tested.
Electrophysiologic, psychophysical, and psycho-
physiologic tests are available for assessing smell func-
tion.’*?” The most practical are psychophysical tests of
odor identification and detection. The most widely used

odor identification test, the University of Pennsylvania
Smell Identification Test [UPSIT; known commercially
as the Smell Identification Test'™ (Sensonics, Inc.,
Haddon Heights, NJ)], was developed at our center
and can be self-administered in 10 to 15 minutes by
most patients in the waiting room and scored in less than
a minute by nonmedical personnel.28 This 40-item test,
along with its briefer clones, is available in numerous
languages and has been employed in hundreds of clinical
and experimental studies. In this test, a patient is
presented with 40 “scratch and sniff” odorant pads and
is required to choose, from four response alternatives, an
answer for each stimulus, even if none seems appropriate
or no odor is perceived. This encourages careful sam-
pling of the stimuli and provides a means for detecting
malingering. Because chance performance is 10 out of
40, very low scores reflect avoidance, and hence recog-
nition, of the correct answer. Norms based on responses
from nearly 4000 people are provided, and an individu-
al’s percentile rank is established relative to persons of
the same age and gender. Olfactory function can also be
classified, on an absolute basis, into one of six categories:
normosmia, mild microsmia, moderate microsmia, severe
microsmia, anosmia, and probable malingering.

Threshold olfactory tests typically employ a
dilution series of a stimulus in an odorless diluent,
such as light mineral oil. In most clinical applications,
the stimuli are presented via small sniff or squeeze
bottles, or felt-tipped pen-like devices, using a series of
ascending or descending concentration trials. As with
odor identification tests, forced-choice response between
odorant and blank trials is required. The reader is
referred elsewhere for details on the various procedures
used in assessing human olfactory thresholds.?’

Despite the fact that bilateral testing detects most
clinically meaningful cases of olfactory dysfunction,
unilateral testing can detect deficits that are not ordina-
rily recognized. In general, bilateral tests measure the
functioning of the better side of the nose.>® To assess
unilateral function, the naris contralateral to the tested
side is occluded to prevent or minimize crossing of
inhaled or exhaled air at the rear of the nasopharynx to
the opposite side (so-called retronasal stimulation). In
our clinic, we achieve this end by sealing the naris
contralateral to testing using a piece of 3M Microfoam™
tape (3M Corp, Minneapolis, MN) cut to fit its borders.
The patient is instructed to sniff the stimulus normally
and to exhale through the mouth.

TYPES OF OLFACTORY DYSFUNCTION

Olfactory dysfunction can be total (i.e., anosmia) or
incomplete (e.g., partial anosmia, hyposmia, or micro-
smia). It can also reflect distortions (dysosmias; e.g., a
rotten-like smell when sniffing a rose) or spontaneous
sensations (phantosmias; e.g., the presence of a smell
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when no stimulus is present). Inability to recognize
odors may occur independently of a normally function-
ing olfactory system (olfactory agnosia). Hyperosmia is a
rare condition of abnormally acute smell function. As
with vision or hearing, olfactory dysfunction can be
either bilateral or unilateral (sometimes termed binasal
or uninasal). Thus, if a person has anosmia on the left
side of the nose but not the right, the condition is
described as unilateral left anosmia. Anosmia that is
present on both sides of the nose is termed bilateral
anosmia or total anosmia.

Some complaints of dysosmia reflect the produc-
tion of foul odors within the nasal cavity (e.g., as a result
of bacterial infection) or within the body proper (e.g., as
a result of altered metabolism). Although the basis of
several such problems has nothing to do with alterations
in the olfactory pathway, the term dysosmia is still used
tor describing the complaint.

CAUSES OF OLFACTORY DYSFUNCTION
Many factors, including diseases, influence the normal
ability to smell. Nearly two-thirds of all chronic anosmia
or hyposmia cases are due to prior upper respiratory
infections, head trauma, and nasal and paranasal sinus
disease that damage the olfactory neuroepithelium.”
Additional factors that can influence olfactory function
include age, sex (women are generally more sensitive
than men), smoking behavior, neurodegenerative dis-
eases, latrogenic interventions (e.g., septoplasty, rhino-
plasty, turbinectomy, radiation therapy), intranasal
neoplasms (e.g., papillomas, hemangiomas, and amelo-
blastomas), intracranial tumors or lesions (e.g., Foster
Kennedy syndrome, olfactory groove meningiomas,
frontal lobe gliomas), epilepsy, psychiatric disorders,
exposure to toxic chemicals, hypothyroidism, renal
disease, and kidney disease.>! The more common in-
fluences are described in detail below.

Age

Decreased smell function occurs in the “normal” elderly.
In fact, age is the strongest correlate of olfactory decline
in healthy adult humans, having a much larger impact
than even cigarette smoking.28 Generally, age-related
decline in olfactory function is more severe for men than
for women, although marked individual differences are
present. Unlike alterations in hearing and vision, age-
related changes often go unnoticed, and smell ability is
rarely evaluated clinically. Under 65 years of age, ~2% of
the population has chronic problems smelling. Between
65 and 80 years, this rises dramatically, with about half of
the population experiencing significant decrements in
the ability to smell. Over the age of 80, this figure rises to
nearly 75%.%% The basis for age-related changes in smell
function are multiple and include, among other things,

ossification and closure of the foramina of the cribriform
plate,g’z’33 development of early neurodegenerative
disease pathology,34’35 and cumulative damage to the
olfactory receptors from repeated viral and other insults
throughout life.3¢

Viral Infections

Upper respiratory infections, usually viral in nature, are
the most common cause of permanent hyposmia or
anosmia.”*! Such dysfunction, unlike that related to
nasal inflammatory disorders, exhibit no fluctuations
over time and, in some cases, can reflect damage not
only to the olfactory epithelium, but to central olfactory
structures as a result of viral invasion into the brain.
Among virus-related disorders capable of damaging the
olfactory neuroepithelium are the common cold, hepa-
titis, flu-like infections, and herpes simplex encephali-
tis.” Polio, the Indiana strain of wild-type vesicular
stomatitis, rabies, herpes simplex types 1 and 2, mouse
hepatitis, herpes suis, Borna disease, and canine distem-
per viruses are all known to be neurotropic for peripheral
olfactory structures.>® Increased susceptibility to viral
damage can occur from reduction or inhibition of
mucociliary transport by disease, drugs, diet, or genetic
factors, as well as from age-related changes in nasal
function and normal defense mechanisms.>’

Most viral infections are either entirely asympto-
matic or so mild as to go unrecognized, as evidenced
by the fact that during seasonal epidemics the number
of serologically documented influenza or arboviral ence-
phalitis infections exceeds the number of acute cases by
several hundredfold.>” Hence, many unexplained cases
of smell dysfunction likely reflect unrecognized viral
infections. On rare occasions, smell dysfunction has
been associated with influenza vaccines in a manner
likely analogous to vaccine-related cases of Bell’s palsy
and Guillain—Barré sy‘ndrome.40 However, the number
of such cases is apparently low and coincidental viral
infection cannot be excluded from consideration.

Some viruses that are not ordinarily neurotropic
may become so after entering the nose. The NWS
strain of influenza virus, for example, typically spreads
perivenously when injected intraperitoneally into mice
and viral antigen is restricted to the meninges, choroid
plexus, ependymal cells, and perivascular locations
within the brain parenchyma. However, when inocu-
lated into the nose, this virus can spread through the
olfactory and trigeminal nerves and invade the brain.*!

Exposure to Toxic Chemicals and Nanoparticles
Exposure to several airborne toxins, including herbi-
cides, pesticides, solvents, and heavy metals, can alter
the ability to smell, particularly when such exposure has
been chronic.*? Among the heavy metals, the best
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documented cases are for cadmium, chromium, nickel,
and manganese. In addition to damaging the olfactory
epithelium, such agents, as well as viruses, nanoparticles,
and prions likely enter the brain via the olfactory mucosa.
Animal studies have shown that the olfactory receptor
neurons can take up and transport cadmium, gold, and
manganese ions toward the olfactory bulbs at rates
ranging from 2.5 to 3 mm/ hour.**™* There is epidemio-
logic and other evidence that some airborne toxins
may be involved in the etiology of neurodegenerative
disease.®

Epilepsy

Early threshold studies of patients with epilepsy reported
heightened, not lessened, overall bilateral sensitivity,
particularly prior to an ictal event.*® More recent work
has generally found normal thresholds, although this
may reflect the influence of antiseizure medications.’
Suprathreshold deficits are common in epilepsy, with
right-side foci seemingly being more disrupting. Thus,
epileptic patients with right-sided foci, but not left-sided
foci, have been found to exhibit decreased performance
on an odor-matching task,*” an odor-memory test for
nameable odors,*® and the UPSIT.* Bilateral deficits
have been reported for odor discrimination, short- and
long-term odor memory, and odor nalming.50 Prolonged
odor event-related potential latencies have been reported
in patients with both right- and left-sided foci when the
stimulation was made on the side with the epileptic
focus.>!

Neurodegenerative Diseases

Of particular relevance to the neurologist is the obser-
vation that olfactory dysfunction is a cardinal feature of
several neurodegenerative diseases such as AD and PD.
Surprisingly, most AD and PD patients are unaware of
their olfactory deficit prior to testing. In both of these
diseases, the deficit is present in 85 to 90% of early-stage
patients and is associated with decreased activation of
central odor processing structures (as measured by func-
tional imaging). The deficit associated with PD does not
respond to anti-PD medications (e.g., L-dopa, dopa-
mine agonists, anticholinergic compounds), and occurs
as severely in nonmedicated or never-medicated pa-
tients as in medicated ones.*>>* Moreover, its magni-
tude is not associated or is very weakly associated with
disease stage, the severity of motor symptoms, or scores
on neuropsychologic tests, such as the verbal and
performance subtests of the Wechsler Adult Intelli-
gence Scale.’®” In one study, the sensitivity and
specificity of olfactory testing in differentiating be-
tween controls and early-stage clinically diagnosed
PD patients was 0.91 and 0.88, respectively, in males
<60 years of age).56

There is now evidence that smell loss may precede
the classical symptoms of AD and PD by several years,
reflecting the so-called preclinical period. Otherwise
normal persons who are anosmic and possess the apoli-
poprotein E-4 (APOE-4) allele have 4.9 times the risk
of having future cognitive decline than those who do not
possess the genetic marker.? In a study of 361 relatives of
PD patients, those scoring in the lowest (hyposmic) and
highest (normosmic) deciles of an olfactory test battery
underwent dopamine transporter imaging.’’ At the
2-year follow-up, 10% (4/40) of the hyposmic relatives,
who also had a substantial reduction in [***I]B-CIT
uptake at baseline, had developed clinical PD, while
none of the 38 normosmic relatives developed PD or had
an abnormal reduction in [**I]B-CIT binding. The
remaining nonparkinsonian hyposmic relatives exhibited
a significantly greater average decline in dopamine trans-
porter binding across the two tests than the nonhypos-
mic relatives, implying PD-related pathology was
developing. These results suggest that olfactory dysfunc-
tion in first-degree relatives of PD patients is associated
with at least a 10% increased risk for developing clin-
ically defined PD within 2 years and are in accord with
findings that the olfactory bulbs are among the first brain
regions to exhibit PD-related neuropathology.”®’

It is important to point out that there is consid-
erable variation in the prevalence and magnitude of
olfactory dysfunction among neurodegenerative diseases.
For example, the average olfactory dysfunction of
AD, PD, and the Parkinson-Dementia Complex of
Guam (PDG) is severe (UPSIT scores ~ 20), whereas
that of Huntington’s disease, multiinfract dementia,
amyotrophic lateral sclerosis, and schizophrenia is
more moderate.’%%3 Progressive supranuclear palsy
(PSP) and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyri-
dine-induced parkinsonism (MPTP-P) are associated
with only minor, if any, changes in the ability to smell,
despite the fact that they share major clinical features
with PD.**% Such findings have led to the suggestion
that olfactory testing may aid in the differential diagnosis
of several neurodegenerative diseases.*®®’

Neurodegenerative diseases with well-established
genetic determinants are also associated with olfactory

dysfunction. For example, such dysfunction is present in
some individuals with familial PD®®®? and in individuals

with Down syndrome (DS).”>”" The DS-related dys-
function is unlikely secondary to the AD-like neuro-
pathology associated with this disorder because it occurs
at an age before AD-pathology is manifest.”! Moreover,
non-DS retarded children of the same IQ_also exhibit
such dysfunction. Thus, the olfactory loss may be asso-
ciated with retardation, rather than AD-like amyloid
pathology, per se.”t

Another  genetically determined  disorder,
Huntington’s disease (HD), is associated with deficits
in odor identification, detection, discrimination, and
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memory. The problem is manifest by the time the classic
phenotypic elements of the disorder appear, although it
is unknown how far in advance the olfactory loss pre-
cedes the phenotypic expression. In one study, identi-
fication and detection threshold test scores were
obtained from 25 probands with HD, 12 genetically
at-risk offspring, and 37 unrelated controls. Decreased
olfaction was noted only in the HD group.62 These
findings were extended by testing 20 HD patients who
had the disease for a mean of 8.0 years (range: 4 to
14 years), 20 normal subjects with the genetic mutation
that causes HD, and 20 mutation-negative adults.”?
Again, only the patients with clinical signs of HD
exhibited depressed olfaction.

It is noteworthy that patients with multiple scle-
rosis exhibit olfactory dysfunction proportional to plaque
burden in the subfrontal and subtemporal lobes.”® Such
dysfunction waxes and wanes during periods of exacer-
bation and remission.”* It is also of interest that some
patients with variant Creutzfeldt—Jacob disease present
with olfactory dysfunction associated olfactory tract in-
volvement of the prion protein (PrP), lending some
credence to the concept that the olfactory pathway may
represent a route of infection and possible means of
spreading the infection.”>”®

Head Trauma

Head trauma accounts for ~20% of all chemosensory
disorders exhibited by patients who present to our
Center.” The incidence of trauma-related olfactory dys-
function in the general population probably lies some-
where between 4 and 15%.”” The likelihood of having
smell loss from head trauma directly relates to the
severity of the trauma and whether strong acceleration/
deceleration of the head occurred. In a detailed study of
179 head-injured persons, occipital and side impact
caused most damage and frontal impact the least.”” Skull
fractures or fractures through the cribriform area are not
a prerequisite for the smell loss. On average, when
recovery occurs it usually happens within a year of the
injury. A recent study suggests prognosis depends on the
degree of olfactory dysfunction upon presentation and
that s%me, albeit minor, return of function can occur over
time.

Other Disorders

Smell loss has been reported in disorders associated with
cerebellar degeneration (e.g., Friedreich’s ataxia) and is a
hallmark of schizophrenia, a disease commonly viewed
as neurodevelopmental (for review, see Doty5 ). In some
cases of migraine, smell loss seems to be present although
in rare instances hyperacuity has been reported to occur
between ictal episodes.79 Hyperosmia is classically asso-
ciated with pregnancy and hyperemesis gravidarum;

however, it is not clear whether this phenomenon reflects
true hypersensitivity or simply reactivity.

Patients with apparent congenital anosmia usually
lack or have hypoplasia of the olfactory bulbs and stalks.
For example, in a study of 25 patients who presented to
our center with apparent congenital anosmia, magnetic
resonance imaging (MRI) revealed an absence or hypo-
plasia of olfactory bulbs and tracts in all instances.®®
Because viral infections early in life may lead to olfactory
epithelial damage and atrophy of the olfactory bulbs, it is
difficult in many cases to establish that the apparent
congenital loss is, in fact, congenital. In other cases,
congenital loss runs in families. Perhaps the best estab-
lished genetic disorder associated with smell loss is
Kallmann’s syndrome, where dysplasia of the olfactory
bulbs and hypothalamic/hypophysis axis is the norm,
along with degeneration of the olfactory receptor
cell axons, receptor cell neuronal immaturity, and the
formation of intraepithelial neuromas.®!

CONCLUSIONS

The sense of smell is greatly underappreciated by physi-
cians and laypersons alike. Evidence that olfactory dys-
function is an early sign of such neurologic diseases as
AD and PD makes a patient’s sense of smell of direct
relevance to the neurologist. In this article, the anatomy
and physiology of this important sensory system was
reviewed, as were means for its quantitative assessment
and factors that adversely influence its function, includ-
ing age, head trauma, epilepsy, viral infections, toxic
exposures, and a range of neurodegenerative diseases.
Particular attention was paid to those disorders most
commonly encountered by the neurologist.
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