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Evaluation of the olfactory bulb volume and
morphology in patients with coronavirus
disease 2019: can differences create
predisposition to anosmia?
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SUMMARY

OBJECTIVE: This study aimed to investigate whether the volume and morphology of the olfactory bulb are effective in the occurrence
of anosmia in patients after COVID-19 infection.

METHODS: The olfactory bulbus volume was calculated by examining the brain magnetic resonance imaging of cases with positive (+)
COVID-19 polymerase chain reaction test with and without anosmia. Evaluated magnetic resonance imaging images were the scans of
patients before they were infected with COVID-19. The olfactory bulbus and olfactory nerve morphology of these patients were examined.
The brain magnetic resonance imaging of 59 patients with anosmia and 64 controls without anosmia was evaluated. The olfactory
bulb volumes of both groups were calculated. The olfactory bulb morphology and olfactory nerve types were examined and compared
between the two groups.

RESULTS: The left and right olfactory bulb volumes were calculated for the anosmia group and control group as 47.8+15/49.3+14.3
and 50.5+9.9/50.949.6, respectively. There was no statistically significant difference between the two groups. When the olfactory bulb
morphology was compared between the two groups, it was observed that types D and R were dominant in the anosmia group (p<0.05).
Concerning olfactory nerve morphology, type N was significantly more common in the control group (p<0.05).

CONCLUSIONS: According to our results, the olfactory bulb volume does not affect the development of anosmia after COVID-19.
However, it is striking that the bulb morphology significantly differs between the patients with and without anosmia. It is clear that the
evaluation of COVID-19-associated smell disorders requires studies with a larger number of patients and a clinicoradiological approach.
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INTRODUCTION

Although coronavirus mainly targets the respiratory system, it
can also spread from the respiratory tract to the central nervous
system due to its neuroinvasive ability'. Therefore, patients with
coronavirus disease 2019 (COVID-19) may present with a

variety of neurological symptoms such as ischemic infarction,
meningitis, encephalitis, bleeding, acute hemorrhagic necro-
tizing encephalopathy, cerebral venous thrombosis, and diffuse
leukoencephalopathy with microhemorrhage'. Olfactory dys-
function starts suddenly in most cases and is usually temporary,

with the recovery time ranging from 1-3 weeks’.
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Can olfactory bulb volume and morphology differences predispose to anosmia?

Chemosensory symptoms may manifest as viral prodromes
or codevelop with other disease symptoms. However, a signifi-
cant relationship between COVID-19 and sinonasal symptoms
has not yet been detected, suggesting that the pathogenesis of
anosmia may differ from obstructive olfactory dysfunction
that is seen in other viral upper respiratory tract infections®’.

The olfactory bulb (OB) is located above the cribriform
plate just below the olfactory sulcus (OS) in the anterior cra-
nial fossa and is easily recognizable on conventional magnetic
resonance imaging (MRI). The olfactory neural network is con-
nected to the piriform cortex and amygdala through first-or-
der projections and to the orbitofrontal cortex, thalamus, and
insula through secondary projections®’.

There is limited literature on OB imaging in COVID-19
olfactory dysfunction, with the availability of only a few case
reports'®!!. Abnormal findings reported include microhemor-
rhage in OB, signal abnormality, increased enhancement, and
enlarged or reduced atrophied OB*'%.

To the best of our knowledge, there is no study in the
English language literature evaluating the effect of OB and
OS morphology on the frequency of anosmia in patients with
COVID-19. This study aimed to determine whether the OB
volume and OB and OS morphologies were associated with
the frequency of anosmia in COVID-19-positive patients.

METHODS

Patient selection

This study was approved by the Ethical Committee and con-
ducted in full accordance with the guidelines of the Declaration
of Helsinki. This study was retrospective, and 7,538 patients
who were admitted to our hospital’s COVID Outpatient Clinic
between April 2020 and December 2020 and who were positive
for COVID-19 according to the polymerase chain reaction test
(PCR) were screened. A total of 123 patients who had brain
MRI before the development of anosmia were included in this
study. Patients with brain MRI examination older than one
year were excluded from this study, as the reliability of clinical
information may be impaired.

Out of these, 59 patients, whose olfactory dysfunction still
persisted despite the improvement of other COVID-19-related
symptoms, were selected for the anosmia group.

There were no other reasons that could cause smell disor-
ders in the patients in the anosmia group. Patients with a his-
tory of neurodegenerative disease were excluded from this study
considering that their anosmia might not have been associated
with COVID-19"'. In addition, patients with a Kennedy
staging of other than 0 according to the paranasal sinus MRI

examination and those with a history of chronic rhinosinusitis
were excluded since these conditions could cause anosmia!>!¢.
Finally, pediatric patients, pregnant women, patients with
a previous history of loss or changes in smell and taste, and
those with allergic rhinitis, a history of head and neck trauma
or migraine, and pathological signal changes in the amygdala
and orbitofrontal cortex on brain MRI were also excluded from
this study. As the control group, 64 people who did not com-
plain of loss of smell during or after COVID-19 and who had
brain MRI in the last year due to nonspecific headache and

vertigo were selected.

MRI acquisition
MRI examination was performed on a 1.5 T unit (Philips Ingenia,
Best, Eindhoven, Netherlands, 2017). The technical parame-
ters were as follows: axial T1-weighted [repetition time (TR):
550—750 ms; echo time (TE): 20-25 ms; scan thickness: 5 mmy;
slice gap: 1 mm; and matrix: 256x256], axial T2-weighted (TR:
4,000-5,000 ms; TE: 90—120 ms; scan thickness: 5 mmy; slice
gap: 1 mm; and matrix: 256x256), sagittal T2-weighted flu-
id-attenuated inversion recovery (FLAIR) (TR:, 7,200 ms; TE:
120 ms; FA: 90° TT: 1,333-2,041 ms; and matrix, 256x256),
and coronal T2 (TR: 6,550 ms; TE: 99 ms, flip angle: 150°
slice thickness: 5 mm; and matrix: 256x256). All images were

evaluated using the Philips IntelliSpace workstation.

MRI evaluation
The OS depth was measured on coronal T2 images to the deepest
point of the OS by drawing a tangent line to the lower bound-
aries of the gyrus rectus and medial orbital gyrus'’. The OB vol-
ume and morphology were evaluated in coronal T2-weighted
sections. Since most pathologies can affect the ipsilateral gyrus
rectus and OB simultaneously, the reference point was taken
as the corticomedullary signal intensity of the contralateral
gyrus rectus. The oval or inverted J-shaped OBs were consid-
ered normal (type N) (Figure 1A). Shrunken or flattened OBs
without deformity were accepted as type R'*' (Figures 1B and
1D). The presence of asymmetric contour lobulation or hyper-
intense focus of >1 on T2 images was accepted as type D'
(Figure 1C). The olfactory nerve was evaluated using the sagit-
tal FLAIR sequence. Thin and straight stretched fibers that were
evenly aligned were considered normal (type N)'¥2° (Figures 2A
and 2B). Non-uniform olfactory nerves with an irregular inferior
projection in the lower contour of OB were considered as type C
while those with markedly thinned calibration were classified as
thinning and scarcity (TS)"*! (Figures 2C and 2D). The evalu-
ations were performed based on the consensus of three radiolo-
gists, blinded to the clinical information of the patients. In case
of disagreement, an experienced radiologist’s opinion was sought.
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Figure 1. (A and B): Coronal T2-weighted examination shows that the right olfactory bulbus is seen as inverted j and
was considered to be normal type (long arrow), and the left olfactory bulbus appears flattened and shrunken and was
considered type R (arrowhead). (C): Coronal T2-weighted examination shows that the right olfactory bulbus shows more
than 1 hyperintense focus and asymmetric contour lobulation (arrowhead), and the left olfactory bulbus shows contour
lobulation (arrow) both were considered type D. (D): Coronal T2-weighted examination shows that both olfactory bulbus
were considered flattened and type R.

Figure 2. (A): Sagittal fluid-attenuated inversion recovery and (B): saggital T2-weighted examination show that smooth
and thick olfactory nerve was accepted as type N. (C): Saggital T2-weighted examination shows that the significantly
thinned and deformed olfactory nerve was accepted as type thinning and scarcity (olfactory nerves marked with
arrowhead). (D): Sagittal fluid-attenuated inversion recovery weighted examination shows that nonuniform olfactory
nerve with thinned and deformed appearance was accepted as type thinning and scarcity (olfactory nerves marked
with arrowhead).
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Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 23.0 software package was used for the statisti-
cal analysis of the data. Categorical measurements were
summarized as numbers and percentages and continu-
ous measurements as mean and standard deviation val-
ues (median and minimum-maximum where necessary).
The Shapiro-Wilk test was used to determine whether the
parameters in this study showed a normal distribution.
In the comparison of continuous measurements between
the groups, the normality of distribution was checked,
the Mann—Whitney U test was used in binary variables
for parameters that did not show a normal distribution,
and the independent Student’s #-test was used for paired
group analyses for normally distributed data. The statis-
tical significance level was 0.05 in all tests.

RESULTS

In this study; a total of 123 brain MRIs taken before the COVID-
19 PCR (+) positivity, 59 belonging to the anosmia group and
64 to the control group, were retrospectively analyzed. There
were 33 men and 26 women in the anosmia group and 33 men
and 31 women in the control group. The mean age was 54.5
(21-71) years for the anosmia group and 55 (19-80) years for
the control group. There was no statistically significant differ-
ence in age and gender between the two groups (p=0.29 and
0.627, respectively) (Table 1).

No statistically significant difference was found between
the anosmia and control groups in relation to the left and right
OB volumes (p=0.236 and 0.467, respectively). Similarly, there
was no statistically significant difference in the left and right
OS depths between the two groups (p=0.92 and 0.374, respec-
tively) (Table 1; Figure 3).

Table 1. Statistical analysis of the demographic data and olfactory bulb and olfactory bulb parameters of the study groups.

p-value
(n=59) (n=64)

Gender

Male 33(55.9) 33(51.6)

Female 26 (44.1) 31(48.4) 0627
Age 54.5 (21-71) 55 (19-80) 0.293
olfactory bulb volume, left 47.8+15.0 50.519.9 0.236
olfactory bulb volume, right 49.3+14.3 50.919.6 0.467
olfactory sulcus depth, left 6.75 (2.8-9.8) 6.75(3.1-10.5) 0.922
olfactory sulcus depth, right 6.65 (3-10) 6.72 (3-11) 0.374

Figure 3. Box and whisker plots showing the median and interquartile range values for each group. No statistically significant

difference was found between anosmia and control groups in terms of olfactory bulbus volumes.
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When the OB types were compared between the anosmia
and control groups, types D and R were more common in the
anosmia group with a statistically significant difference. Type ]
was found at a higher rate in the control group compared with
the anosmia group, and this was at a statistically significant
level (Table 2).

When the distribution of olfactory nerve morphology was
examined in both groups, type N was more common in the
control group at a statistically significant rate. In contrast, the
rates of patients with types C and TS did not differ between
the anosmia and control groups (Table 2).

DISCUSSION

The pathogenesis of olfactory dysfunction in COVID-19 dis-
ease is not yet fully understood; however, studies have shown
no significant association between sinonasal symptoms and
COVID-19%. According to a hypothesis, in COVID-19, anos-
mia is caused by the virus entering the central nervous system
through olfactory sensory neurons in the olfactory mucosa®.
It has also been previously shown that COVID-19 can migrate
from the nose to OB in an experimental mouse model?.

The possible mechanisms that are most frequently considered

Table 2. Statistical distribution and analysis of olfactory bulb
and olfactory nerve types in the study groups.

- o

=59 | 0=69 |°

olfactory bulb types, left

-value

D | 16(27.1) | 8(12.5) | 0.041

J | 22(337.3) | 43(67.2) | 0.003

R | 21(35.6) | 13(20.3) | 0.045
olfactory bulb types, right

D | 15(25.4) | 7(10.9) | 0.036

J | 18(30.5) | 40(62.5) | 0.001

R | 26(44.1) | 17 (26.6) | 0.042
Olfactory nerve types, left

C | 26(37.3) | 19(29.7) | 0.098

TS | 22(18.6) | 15(23.4) | 0.094

N [ 11(81.4) | 30(46.9) | 0.001
Olfactory nerve types, right

C | 23(35.6) | 18(28.1) | 0.202

TS | 21(25.4) | 15(23.4) | 0.139

N | 15(74.6) | 31(48.4) | 0.008

Bold values are statistically relevant.
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in the pathogenesis of COVID-19 anosmia are olfactory cleft
inflammation/occlusion and/or OB damage®*.

Angiotensin-converting enzyme 2 (ACE2) receptors, target
molecules for COVID-19, are expressed by non-neuronal sup-
port cells of the olfactory epithelium but not directly by olfac-
tory neurons. Anosmia may result from injury to the supporting
cells of the epithelium. This is supported by postviral anosmia
studies in which prolonged or persistent anosmia reflects the
olfactory epithelial regeneration interval®.

Evaluating imaging findings in patients with anosmia can
be very complex. In such evaluations, OB volume and OS
depth were considered the most effective and were the most
frequently measured parameters®*. Although exact values have
not been determined in studies on OB volume, the common
consensus is that the normal OB volume is >45 mL, and the
normal OS depth is >7 mm'2022,

The literature shows that OB volume loss is mainly detected
in the idiopathic or post-viral anosmia groups'"'>?2. In this
study, no significant difference was found in the pre-disease
OB volumes of the anosmia and control groups. Despite the
presence of contradictions in the findings and the lack of a
complete consensus in the literature, our results indicate that
OB volume may not really be the main cause of anosmia after
COVID-19. Similar studies, prospective studies if possible,
with larger series are needed to clarify this issue.

The data in this study showed that the risk of anosmia was
increased among the patients with type D and R OBs. The OB
volume did not statistically significantly differ between the
study groups while the difference in the OB type was statisti-
cally significant, suggesting that nerve morphology rather than
volume might be effective in anosmia. It is clear that there is
still a need to ascertain why the types of OB morphology result
in a difference in olfactory function.

In light of these data, our hypothesis is the possibility of dif-
ferences in primary neurons in the olfactory mucosa accompany-
ing morphological types D and R that can be defined by MRI.

When the literature is examined, there is no hypothesis as
to why the morphological type is effective in the loss of smell
after COVID-19. However, we have a few hypotheses to explain
this situation. The strongest of these hypotheses is that nerves
may have varied in their morphology as well as the surface
areas where they terminate in the cribriform plates. Thus, the
relationship between the variability of angiotensin-converting
enzyme 2 receptor (ACE2) and transmembrane protease ser-
ine two receptor density and morphology can be explained?*?.
Postmortem autopsy studies are needed to evaluate the validity
of this hypothesis, as primary sensory neurons in the olfactory
mucosa cannot be visualized by MRI. Another hypothesis is
that morphology is important only in the patient group we
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evaluated. Multicenter, multi-participant studies are needed
to confirm whether this is coincidental or whether morphol-
ogy actually has meaning.

When the olfactory nerve types were compared between
the anosmia and control groups, types C and TS, which are
less common in the general population, were not statistically
associated with olfactory dysfunction. However, type N, which
is the most common type and indicates normal morphology,
was seen at a significantly higher rate in the control group with-
out anosmia. We consider that similar studies to be conducted
with a higher number of patients may present comprehensive
data on this subject.

There were some limitations to this study. We consider the
major limitation to be the relatively small sample size due to
the strict criteria used in patient selection. Other limitations
include the retrospective nature of the study and the absence
of an interobserver evaluation.

For the diagnosis of anosmia, the complaints of the patients
were taken as a basis, and no objective test was used. It would
be ideal to use an orbital MRI to evaluate the OB; however, it
would be very difficult to achieve this in pandemic conditions.
Therefore, brain MRI was used, and this can be considered as

another limitation.

CONCLUSIONS
It is commonly accepted that COVID-19 affects OB, but it has
not yet been elucidated how this effect on OB causes olfactory
dysfunction. In this study, we observed that the OB volume
before COVID-19 infection had no significant effect on the
etiology of anosmia development during or after the disease.
However, it is considered that the morphology of the OB type
and primary neurons in the accompanying olfactory mucosal
epithelium may play a key role in olfactory dysfunction, and
there is a need for further studies to shed light on this subject.
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