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ABSTRACT

BACKGROUND AND PURPOSE: Although olfactory dysfunction is a common cranial nerve disorder, there are no simple objective
morphometric criteria to assess olfactory dysfunction. The aim of this study was to evaluate the diagnostic performance of MR
imaging morphometric parameters for detecting olfactory dysfunction.

MATERIALS AND METHODS: This prospective study enrolled patients from those presenting with olfactory symptoms who under-
went both an olfactory function test and MR imaging. Controls without olfactory dysfunction were recruited during the preopera-
tive work-up for pituitary adenoma. Two independent neuroradiologists measured the olfactory bulb in 3D and assessed olfactory
bulb concavity on MR imaging while blinded to the clinical data. Diagnostic performance was assessed using receiver operating
characteristic curve analysis.

RESULTS: Sixty-four patients and 34 controls were enrolled. The patients were significantly older than the controls (mean age,
57.8 £ 1.9 years versus 47.1 = 12.1 years; P <.001). Before age adjustment, the olfactory bulb height was the only olfactory bulb pa-
rameter showing a significant difference between patients and controls (1.6 £ 0.3 mm versus 2.0 = 0.3mm, P <.001). After age
adjustment, all parameters and olfactory bulb concavity showed significant intergroup differences, with the olfactory bulb height
having the highest area under the curve (0.85). Olfactory bulb height was confirmed to be the only significant parameter showing a
difference in the detection of olfactory dysfunction in 22 pairs after matching for age and sex (area under the curve = 0.87,
P <.001). Intraclass correlation coefficients revealed moderate-to-excellent degrees of inter- and intrareader agreement.

CONCLUSIONS: MR imaging morphometric analysis can differentiate patients with olfactory dysfunction, with the olfactory bulb

height having the highest diagnostic performance for detecting olfactory dysfunction irrespective of age.

ABBREVIATIONS: APD = anterior-posterior diameter; AUC = area under the curve

Ifactory dysfunction is a common cranial nerve disorder. In
population-based studies, the prevalence of olfactory dys-
function is about 19%-24%, with this rate being higher in older
men."” The etiologies of olfactory loss include postviral upper re-
spiratory infection, sinonasal disease, head trauma, aging, congen-
ital causes, toxins/drugs, idiopathic loss, and neurologic disorders
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such as Parkinson disease and Alzheimer disease.* Olfaction
serves as a warning for hazards such as poisonous fumes and mi-
crobial harm and helps with food intake.” Loss of olfaction can
result in severe problems, including loss of personal hygiene and
social communication and reduction in the quality of life.®

Precise assessment of a patient’s olfactory status should be
made ahead of starting treatment, to predict the prognosis and
provide proper counseling. Olfactory function is generally
assessed by using olfactory function tests such as the Sniffin’
Sticks test (Burghardt),7 the University of Pennsylvania Smell
Identification Test,® and the Connecticut Chemosensory Clinical
Research Center Threshold test.” MR imaging can provide ana-
tomic information on the olfactory pathway, and the evaluation
of olfactory dysfunction using imaging parameters has been
attempted previously.*'®'" The volume of the olfactory bulb is
one such imaging parameter, with changes in volume being
known to correlate with olfactory loss or odor-threshold
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FIG 1. A 41-year-old male control subject. Coronal T2WI is used to show how to measure the
height (A) and width (B) of the olfactory bulb, 2.8 and 3.5 mm, respectively.

changes.'*'* However, measurement of olfactory bulb volume is
not commonly used to evaluate the olfactory pathway in routine
practice because volumetric analysis using planimetric manual
contouring of multiple sections is difficult and complicated com-
pared with visual analysis."">'>"'> Recently, Chung et al* suggested
that olfactory bulb atrophy seen on MR imaging can be used to
objectively detect olfactory dysfunction in patients with subjective
olfactory loss. Despite the suppleness of their method, their
report was limited by the use of a subjective definition of olfac-
tory bulb atrophy, and corrections were not made for patient age.

To make MR imaging diagnosis more robust, repeatable, and
reproducible, we are still in need of simple objective morphomet-
ric criteria to assess olfactory dysfunction. Furthermore, although
olfactory function is known to be affected by aging,” no published
study has evaluated the effects of aging on olfactory bulb size.
Therefore, the purpose of our study was to evaluate simple mor-
phometric parameters of the olfactory bulb measured on MR
imaging and to determine their diagnostic accuracy in patients
with subjective olfactory dysfunction, making comparisons with
healthy controls after age adjustment and matching.

MATERIALS AND METHODS
Study Population
Our institutional review boards Asan Medical Center approved
this prospective study, and written informed consent was obtained
from all participants. The study enrolled patients from those who
presented with subjective olfactory nerve symptoms at a single ter-
tiary referral center between March 2017 and November 2018.
The enrollment criterion was olfactory nerve dysfunction revealed
by the threshold-discrimination-identification score.'® According
to previous studies using the Korean version of the Sniffin’ Sticks
test IT kit,*'®! those patients with a threshold-discrimination-iden-
tification score of <28 were diagnosed as having objective olfactory
nerve dysfunction. The enrolled patients agreed to undergo MR
imaging with protocols dedicated to imaging the olfactory nerve.
The control participants were recruited during preoperative
work-up for functioning pituitary adenoma. The subjects were

routinely screened by a questionnaire
for olfactory dysfunction, which was
ruled out using the threshold-discrimi-
nation-identification score for subjec-
tive olfactory dysfunction. MR imaging
of the olfactory nerve was added to the
preoperative imaging of the pituitary
mass after obtaining informed consent.
The exclusion criteria were an age
younger than 18 years, history of a pre-
vious endoscopic transnasal or endo-
nasal operation, history of skull base
fracture, radiation treatment to the
head and neck area, active sinonasal
disease, and psychiatric or neurologic
conditions.

The presumptive causes of olfactory
dysfunction were classified into 4 cate-
gories: post-upper respiratory infec-

14 . . . .. 18 . .
chronic rhinosinusitis, ° posttraumatic or postsurgical

tion,®
causes,*'* and idiopathic causes. Idiopathic olfactory dysfunction
was defined when patients did not have a definite cause for the sub-
jective olfactory nerve dysfunction after an extensive evaluation.'”
The patients’ medical histories were evaluated, especially for the
presence of Parkinson disease because olfactory dysfunction is a
common symptom in Parkinson disease, having a similar frequency

: 20-22
to resting tremor.

MR Imaging Acquisition

MR images were acquired on a 3T unit (Ingenia 3T CX; Philips
Healthcare) with a 64-channel head and neck coil. The imaging
sequences used to evaluate the olfactory nerve included coronal
2D-T2WI. The imaging parameters for the 2D-T2WI included
the following: matrix, 512 x 512; TR/TE, 300/80 ms; FOV, 90 x
190 mm; section thickness, 1.5 mm without interval; voxel size,
0.43 x 0.43 x 1.5mm; bandwidth, 209 Hz/pixel; TSE factor, 15;
scan time, 3 minutes.

MR Imaging Analysis

Two independent board-certified neuroradiologists with 22 and
6years of experience assessed the MR images and measured the
following morphometric parameters on 2D T2WTI: olfactory bulb
height and width and anterior-posterior diameter (APD) of the
olfactory bulb (Fig 1). The olfactory bulb height and width were
measured directly on the largest cross-sectional image of the ol-
factory bulb using coronal T2WI. The APD was measured by
summation of the slices containing a visible olfactory bulb. The
neuroradiologists also assessed the presence of olfactory bulb
concavity, defined as the line connecting both edges of the bulb
being equal to or higher than the center of the bulb on coronal
sections (Fig 2). The measurements were performed blinded to
the patients’ clinical information. To assess intrareader agree-
ment, 1 radiologist repeated the analysis within a 2-week interval.

Statistical Analyses
The means of the olfactory bulb height, width, and APD

measurements made on both sides of a patient were used for
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FIG 2. A 59-year-old female patient with idiopathic olfactory dys-
function with a threshold-discrimination-identification score of 14.
Coronal T2WI shows olfactory bulb concavity (arrow) on the left side
compared with the normal oval shape on the right side. The olfactory
bulb heights and lateral diameters were 2.1 and 3.5mm, respectively,
on the right side and 1.3 and 3.5 mm on the left side.

Table 1: Summary of the demographic data of the patient and control groups

Because there was a significant difference in age distribution
between the patients and controls, a logistic regression model
including age and each morphometric parameter as a covariate
was developed to detect olfactory nerve dysfunction. The discrim-
inative ability of this model was evaluated using receiver operat-
ing characteristic curve analysis and the area under the curve
(AUC). The discriminative ability of the morphometric parame-
ters was also evaluated in 22 pairs of patients and controls
matched for age and sex to control for selection bias. The balance
of the matches was checked using the standardized mean differ-
ence. Interreader and intrareader agreement were assessed using
intraclass correlation coefficients. A P value < .05 was considered
statistically significant. Statistical analysis was performed using R
statistical and computing software (R version 3.6.1; http://www.
r-project.org/) and MedCalc (MedCalc Software).

RESULTS

Among the 103 patients who visited with subjective olfactory
nerve symptoms during the study period, 64 patients (male/
female ratio = 29:35; mean age, 57.8 years; range, 22-84 years)
were finally enrolled and underwent olfactory nerve MR imag-
ing after exclusion of 39 patients with
normal results on the threshold-

discrimination-identification test. The

Patients Controls P
(n=64) (n=34) Value presumptive causes for olfactory nerve
Age (yr)? 57.8 = 11.9 471+ 122 <.001 dysfunction were chronic rhinosinusi-
Male sex 29 (45) 14 (41) 910 tis in 23 patients, post-upper respira-
Duration of Sy by r) o 63 127 NA tory infection in 16, and posttraumatic
Threshold-discrimination-identification 157 = 67 NA . . .
score or postsurgical causes in 7, while 18
Presumptive cause of olfactory cases were idiopathic. Two patients
dysfunction® had a history of Parkinson disease.
Chronic rhinosinusitis 23 (36) NA The average duration of olfactory dys-
Eos;upper;esplrator:cy |nf§c'cl|on ]g Eﬁ;’) Eﬁ function was 6.3 * 12.7 years.
osttraumatic or postsurgica . .
Idiopathic 18 (28) NA Thirty-four subjects (male/female

Note:—NA indicates not applicable.
®Numbers are presented as mean = SD.
® Number of patients. Numbers in parentheses are percentages.

Table 2: Morphometric parameters in the patient and control groups

ratio = 14:20; mean age, 47.1years;
range, 26-69 years) were enrolled as
controls. The patients were signifi-
cantly older than the controls (mean

age, 57.8 * 11.9 versus 47.1 =*

MR Imaging Parameters Patients (n = 64) Controls (n = 34) P Value 122 years; P < .001), but there was no
APD (mm)® 19 + 19 125 + 18 107 significant difference in sex distribu-
Width (mm)? 41+ 05 41+ 04 881 tion (Table 1).

Height (mm)® 16 =03 20*03 <.001 Table 2 shows the differences in
Olfactory bulb concavity® 26 (41) 9 (24) 126 morphometric parameters between

*Numbers are presented as mean * SD.
® Number of patients. Numbers in parentheses are percentages.

the statistical analysis. The primary outcomes were the differ-
ences in the measured olfactory bulb height, width, APD, and
olfactory bulb concavity between patients and controls.
Demographic data are presented using descriptive statistics.
Continuous variables were assessed for normal distribution
using the Shapiro-Wilk test. Continuous data were analyzed
with the Student ¢ test or Mann-Whitney test according to
the results of the Shapiro-Wilk test. Nominal data were ana-
lyzed with the y? test.
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patients and controls. The patients

had significantly smaller olfactory

bulb heights (1.6 £ 0.3 mm versus

2.0 £ 0.3mm, P<.001) than the

controls (Fig 3). Olfactory bulb concavity was seen more fre-

quently in patients than in controls, but the difference was not

statistically significant (41% versus 24%, P=.13). All the pa-

rameters demonstrated moderate-to-excellent interreader and

intrareader agreement (intraclass correlation coefficient =
0.69-0.85; On-line Table 1).

On-line Table 2 shows the diagnostic performance of the

morphometric parameters for differentiating patients from con-

trols before and after age adjustment in all cases and in 22 pairs
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FIG 3. Box-and-whisker plots of the olfactory bulb height (A), width
(B) and anterior-posterior diameters (C), showing comparisons
between patients and controls. The solid circles represent the mean
values of the parameters, and the horizontal lines represent the me-
dian values (median patient olfactory bulb height = 1.5 mm, median
control olfactory bulb height = 2.0 mm; median patient olfactory
bulb width = 4.0 mm, median control olfactory bulb width = 4.2 mm;
median patient APD = 12.0 mm, median control APD = 12.8 mm). The
tops and bottoms of the boxes represent the upper and lower quar-
tiles, the tops and bottoms of the whiskers represent the highest and
lowest observations, and the crosses represent outliers.

after matching for age and sex. Before age adjustment, olfactory
bulb height was the only parameter showing significant differen-
ces between patients and controls in the detection of olfactory
dysfunction (AUC = 0.83; 95% CI, 0.75-0.91; P <.001). After age

adjustment, all the morphometric parameters showed a signifi-
cant difference between patients and controls (all, P <.001), with
olfactory bulb height having the highest AUC value (AUC=
0.85; 95% CI, 0.77-0.93; P <.001). After matching for age and
sex, olfactory bulb height remained the only parameter showing a
significant difference in detecting olfactory dysfunction (AUC=
0.87; 95% CI, 0.74-0.95; P <.001).

DISCUSSION

Our study revealed that a simple morphometric parameter of the
olfactory bulb could be useful for detecting patients with olfactory
nerve dysfunction. Given that age is a significant factor affecting
the morphometry of the olfactory bulb and olfactory bulb height
was the only parameter significantly different between patients
and controls before and after matching, we suggest that olfactory
bulb height is potentially the best single parameter to assess olfac-
tory dysfunction on MR imaging.

There have been previous studies evaluating imaging features of
olfactory nerve dysfunction, with volume measurement of the olfac-
tory bulb by planimetric manual contouring on each section of an
MR image sequence being one of the reported methods.'>'"'*!>%*
The authors reported positive correlations between olfactory per-
formance and olfactory bulb volume in patients with different pre-
sumptive causes, including post-upper respiratory infection, head
trauma, idiopathic loss, and Parkinson disease. Some researchers
also evaluated the depth of the olfactory sulcus but found no signifi-
cant correlation with olfactory function in patients with idiopathic
olfactory loss.'>"> Although the olfactory bulb volume typically
shows a significant correlation with olfactory function, the method
is difficult to apply in routine clinical practice.

Recently, Chung et al* proposed relatively simple imaging crite-
ria to diagnose olfactory dysfunction. They used visual assessment
of the olfactory bulb on coronal T2WI, 3D-T2-FLAIR, and 3D-T2
volume isotropic TSE acquisition images and reported that MR
imaging evaluation of olfactory bulb atrophy can be used to diag-
nose olfactory dysfunction in patients with subjective olfactory
loss. They defined olfactory bulb atrophy as flattening and thinning
of the olfactory bulb, with loss of the normal oval or J-shape** and
an asymmetric decrease in the size of the olfactory bulb compared
with that on the contralateral side.”® However, despite the supple-
ness of the method, we still need quantitative and repeatable mor-
phometric parameters to objectively detect olfactory dystunction.

Our prospective study is important because of the following
features: First, we propose a simple morphometric analytic tool to
detect olfactory dysfunction with excellent interreader and intra-
reader agreement, which is easily and readily applicable in routine
clinical practice using thin-section T2WI. Thin-section TSE T2WI
has advantages over the steady-state sequences such as CISS or
FIESTA, which are commonly used to evaluate the cranial nerves
in the cisternal spaces. TSE T2WT is free from the banding artifacts
of the steady-state sequences occurring in the areas of air/bone and
soft-tissue interfaces such as the olfactory sulcus. Moreover, the
intrinsic contrast resolution of a nerve is better in spin-echo images
compared with the CISS sequence.”® Second, we found that age
was not only a significant factor influencing olfactory performance
but that it also showed a relationship with the size of the olfactory
bulb on clinical MR imaging. In previous cross-sectional
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. 2,27-29
studies,

olfactory function and pathophysiologic change
showed significant relationships with the aging process, but no
study has previously shown age-related change in the size of the ol-
factory bulb on MR imaging. This is the first study to demonstrate
such a relationship. Finally, we provide a clearer definition of olfac-
tory bulb concavity, one that is similar to the concept of olfactory
atrophy described by Chung et al.*

Despite these merits, there are also several limitations to our
study. First, although we demonstrated that our simple morpho-
metric analysis could be useful for detecting olfactory dysfunction,
we could not suggest the size criteria for defining olfactory dys-
function for any of the parameters except olfactory bulb concavity,
partly due to the relatively small sample size. Further investigation
to determine the optimal olfactory morphometry size criteria for
diagnosing olfactory dysfunction should be performed on larger
cohorts using subject groups with even age distributions. Second,
we could not compare the morphometric parameters among
patients with different presumptive causes of olfactory dysfunc-
tion. Third, the APD was calculated by summing up the section
numbers showing the olfactory bulb, not by directly measuring
the olfactory bulb on sagittal or axial images. Direct measurement
of APD might be more helpful for diagnosing olfactory dysfunc-
tion; however, our method has the advantage of being quite sim-
ple and able to be performed on a single MR imaging sequence.

CONCLUSIONS

Our study demonstrated that morphometric parameters that can
be simply measured on coronal T2WT are helpful for objectively
assessing olfactory dysfunction in patients with subjective olfactory
dysfunction, and it also showed that age is a significant factor
affecting olfactory bulb size. Among the measured parameters, ol-
factory bulb height shows the best potential for detecting olfactory
dysfunction irrespective of age. However, a further larger-scale
study with an even age distribution between groups is necessary to
suggest diagnostic cutoff values for the parameters.

Disclosures: Jung Hwan Baek—UNRELATED: Consultancy: radiofrequency, Comments:
consultant of STARmed Healthcare and radiofrequency medical companies from
2017.
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