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Abstract

Objectives The aim of this study was to investigate of salivary gland dysfunction with single-photon emission computed
tomography/computed tomography (SPECT/CT), especially the relationship between maximum standardized uptake value
(SUV 0 of salivary glands and their dysfunction.

Methods Five patients (2 submandibular sialolithiasis, 2 Sjogren’s syndrome, and 1 parotitis) who underwent SPECT/CT
were included in this study. The salivary gland excretion function was defined as A (pre-stimulatory 20 min after injection
of Tc-99m pertechnetate)/B (post-stimulatory 40 min after injection of Tc-99m pertechnetate) using SUV .. of parotid and
submandibular glands.

Results SUV,,,, before stimulation of the submandibular gland with sialoliths in a patient was lower than that in the opposite
submandibular gland without sialoliths (5.81 vs 51.37). Furthermore, the A/B using SUV_ . in the other patient of subman-
dibular glands with sialoliths was lower than that in the opposite submandibular glands without sialoliths (0.70 vs 1.85).
The A/B using SUV_,, of right and left parotid gland in a patient with Sjogren’s syndrome was 1.06 and 0.74, respectively.
Furthermore, the A/B using SUV . of right and left parotid glands in the other patient with Sjogren’s syndrome was 3.20
and 4.32, respectively. The A/B using SUV . of right and left parotid glands in a patient with left parotitis was 2.26 and
1.58, respectively.

Conclusion The results of the present study indicate that SUV . using SPECT/CT seems a useful tool for evaluation of the
salivary gland dysfunction.
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Introduction

Sialolithiasis is one of the most prevalent large obstructive
disorders of the major salivary glands [1]. The submandib-
ular gland is the most frequently involved [2]. The main
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clinical features are pain and swelling associated with eating
and subsequent sialoadenitis [3].

Sjogren’s syndrome is a chronic, progressive, autoim-
mune disease, of unknown aetiology, characterized by focal
lymphocytic infiltration of exocrine glands with a significant
functional impairment, leading to Sicca symptoms, such as
the salivary and lachrymal glands, resulting in dry mouth
and dry eyes [4].

Different physical and chemical examinations, including
ultrasonography, sialography, computed tomography (CT),
and magnetic resonance (MR) imaging, are commonly
used to diagnose various salivary gland diseases [5]. **™Tc-
pertechnetate salivary gland scintigraphy is useful for the
diagnosis of diseases that affect the salivary glands through
the use of radionuclide-labeled compounds. This easy,
noninvasive, and accurate method assesses the functional
state and degree of injury to the gland, resulting in highly
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valuable clinical information [6]. Furthermore, we indicated
the relationship between CT value of submandibular gland
with/without sialolithiasis and salivary gland excretion using
salivary gland scintigraphy [7].

In recent years, thanks to the development of tomographic
imaging with a three-dimensional image reconstruction
algorithm, planar nuclear imaging has evolved to single-pho-
ton emission computed tomography (SPECT). Integration of
SPECT with CT, producing a hybrid scanner of SPECT/CT,
was the next step, following the successful clinical applica-
tion of positron emission tomography (PET)/CT [8]. These
scanners provide fusion images of CT and SPECT and also
produce attenuation correction maps that are necessary for
quantitative analyses using the standardized uptake value
(SUV). SUV is defined as the tissue concentration of tracer
as measured by a scanner divided by the activity injected
divided usually by body weight [9]. Quantitative salivary
gland SPECT/CT holds promise as an objective imaging
modality for assessment of salivary dysfunction [10]. How-
ever, to the best of our knowledge, the relationship between
SUV of salivary glands and their dysfunction has not been
reported in the literature. The aim of this study was to inves-
tigate of salivary gland dysfunction with SPECT/CT, espe-
cially the relationship between maximum SUV (SUV ) of
salivary glands and their dysfunction.

max.

Materials and methods
Patient population

This study was approved by the ethics committee of our
institution (ECNG-R-280). After providing written informed
consent, 5 patients (3 male, 2 female; age 23—79 years, mean
age 59.8 years; 2 submandibular sialolithiasis, 2 Sjogren’s
syndrome, and 1 parotitis) underwent SPECT/CT at our uni-
versity hospital from November 2018 to January 2019.

Image acquisition

The radiopharmaceutical used in this study was **™Tc-
pertechnetate (Technescinti, Nihon Medi-Physics, Tokyo,
Japan). Serial salivary gland images were obtained with a
dual-head gamma camera (Optima NM/CT 640, GE Health-
care Japan, Tokyo, Japan) using a low-energy, high-reso-
lution collimator, and the 140 keV photo energy peak for
99mTc. Each patient was administered the agent at 370 MBq
with a rapid intravenous injection. Anterior sequential sali-
vary gland images were obtained with a 256 X256 matrix of
2.1 mm pixel size, at 20 s per frame for 20 min. Twenty min-
utes after the injection, SPECT scans were acquired using a
128 X 128 matrix of 4.2 mm pixel size, and a total of 60 pro-
jections (30 stops) over 360° with a dwell time of 10 s/stop.
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Subsequent to the SPECT acquisition, a low-dose CT scan
was acquired with 120 kV, 20 mA, and a 512 X512 matrix.
Furthermore, serial salivary gland images were obtained at
20 s frames for 10 min. At the 40 min, we added 0.5 mL
citric acid as an oral salivary stimulant. Finally, the second
SPECT scans and the second CT scan were acquired.

Image analysis

To calculate the SUV, the SPECT/CT system had been first
calibrated to the dose calibrator for determination of the
system sensitivity, the converting factor for radioactivity
from measured counts. SUV in a given volume of interest
(VOI) was indirectly calculated from the percentage injected
dose, which was obtained using the dosimetry software
(Q. Metrix; GE Healthcare Japan). To derive percentage
injected dose in a certain VOI using the dosimetry software,
we entered the following information into the software in
advance: the pre-injection radioactivity in the syringe and
the measurement time, the post-injection residual radioac-
tivity in the syringe and the measurement time, the time of
injection to the patient, body weight, and the system sen-
sitivity. On a dedicated workstation (GEniE Xeleris; GE
Healthcare Japan), CT, SPECT, and SPECT/CT images were
displayed with the dosimetry software. Using the transaxial
and coronal CT images as the anatomic reference, a VOI was
drawn over the parotid and submandibular glands, which was
automatically reflected on the SPECT/CT fusion images.
Then, the dosimetry software provided multiple quantitative
data for a given VOI. The mean SUV (SUV ...) in a given
VOI was calculated as follows: SUV ., = (total radioactiv-
ity/VOI volume)/(injected radioactivity/body weight). The
maximum SUV (SUV_,.) in a given VOI was calculated as
follows: SUV_ . = (maximum radioactivity/voxel volume)/
(injected radioactivity/body weight). The salivary gland
excretion function was defined as A (pre-stimulatory 20 min
after injection of Tc-99m pertechnetate)/B (post-stimula-
tory 40 min after injection of Tc-99m pertechnetate) using
SUV ..« of parotid and submandibular glands. The SPECT/
CT parameters SUV_,, were compared for the parotid and
submandibular glands.

Results

Table 1 shows SPECT/CT SUV_,,, in the parotid and sub-
mandibular glands. SUV . before stimulation of the sub-
mandibular gland with sialoliths in a patient (Case 2, Fig. 1)
was lower than that in the opposite submandibular gland
without sialoliths (5.81 vs 51.37). Furthermore, the A/B
using SUV . in the same patient of submandibular glands
with sialoliths was lower than that in the opposite subman-
dibular glands without sialoliths (1.55 vs 2.96).
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Table1 SPECT/CT SUV,,,, in the parotid and submandibular glands

max

Case Age (years) Gender Lesions R-parotid gland L-parotid gland R-submandibular L-submandibular
gland gland

A B A/B A B A/B A B A/B A B A/B
1 23 Male  Sialolithiasis (L-SMG) 32.87 13.80 2.38 4534 13.19 3.44 20.28 1096 1.85 23.32 33.28 0.70
2 79 Male  Sialolithiasis (R-SMG) 44.08 21.44 2.06 3823 2050 1.86 5.81 3.75 155 5137 17.35 2.96
3 76 Female Sjogren syndrome 410 3.85 1.06 372 506 074 161 124 130 238 245 097
4 79 Female Sjogren syndrome 33.67 1053 3.20 51.22 11.86 432 37.81 16.68 227 2495 16.85 1.48
5 42 Male  Parotitis (L) 27.17 12.00 226 22.08 13.94 1.58 6097 21.11 2.89 46.80 21.31 2.20
SUV,, . maximum standardized uptake value, R right, L left, A pre-stimulatory 20 min after injection of Tc-99m pertechnetate, B post-stimula-

max

tory 40 min after injection of Tc-99m pertechnetate, SMG submandibular gland

SUV ..« before stimulation of the submandibular gland
with sialoliths in the other patient of submandibular glands
with sialoliths (Case 1) was higher than that in the opposite
submandibular gland without sialoliths (23.32 vs 20.28).
However, the A/B using SUV_,, in the same patient of sub-
mandibular glands with sialoliths was lower than that in the
opposite submandibular glands without sialoliths (0.70 vs
1.85).

The A/B using SUV . of right and left parotid glands
in a patient with Sjogren’s syndrome (Case 3) was 1.06 and
0.74, respectively. Furthermore, The A/B using SUV .
of right and left parotid glands in the other patient with
Sjogren’s syndrome (Case 4) was 3.20 and 4.32, respec-
tively. The A/B using SUV__ of right and left parotid glands
in a patient with left parotitis (Case 5) was 2.26 and 1.58,
respectively.

Discussion

Sialolithiasis is diagnosed using clinically and radiographi-
cally methods [11]. ®™Tc-pertechnetate salivary gland
scintigraphy is useful for the diagnosis of diseases that
affect the salivary glands, such as noninvasive and accurate
method assesses the functional state and degree of injury to
the gland. Wu et al. [6] indicated that uptake and excretion
by the glands were substantially decreased in patients with
sialolithiasis. Ogura et al. [7] showed that the A [before stim-
ulation test (counts/frame)]/B [after stimulation test (counts/
frame)] of submandibular gland with sialoliths (1.09 +0.23)
was lower than that of submandibular gland without sialo-
liths (1.99 +0.57, P=0.000). Furthermore, Chen et al. [12]
established a point-scoring diagnostic system for Sjogren’s
syndrome based on quantified SPECT imaging of salivary
gland.

Despite the wide array of clinical applications in many
fields of nuclear medicine, SPECT/CT has been considered
not quantitative but qualitative, because there have been no
reports regarding the proven clinical utility of quantitative

SPECT/CT [8]. Kim et al. [10] evaluated the salivary gland
dysfunction in Sjogren’s syndrome patients using quanti-
tative salivary SPECT/CT data, such as % parotid uptake,
% submandibular uptake, % parotid excretion, and % sub-
mandibular excretion. SPECT/CT scanners provide fusion
images of CT and SPECT and also produce attenuation
correction maps that are necessary for quantitative analy-
ses using the SUV. However, the quantitative information
from the SPECT/CT, such as SUV, has not been well inves-
tigated in any disease model yet. Araz et al. [13] showed that
SUV, ..« of the hyperfunctioning parathyroid gland seems
to be predictive of disease severity in terms of serum para-
thormone and bone mineral densitometry results. We evalu-
ated the salivary gland dysfunction in sialolithiasis patients
using the SUV_,.. In this study, SUV_,, before stimulation
of the submandibular gland with sialoliths was lower than
that in the opposite submandibular gland without sialoliths
(5.81 vs 51.37). Furthermore, the A/B in the other patient of
submandibular glands with sialoliths was lower than that in
the opposite submandibular glands without sialoliths (0.70
vs 1.85). We consider that sialoliths is a factor of salivary
gland excretion in the submandibular gland.

Regarding Sjogren’s syndrome, Ogura et al. [4] showed
the relationship between MR sialographic stages and sali-
vary gland excretion in patients with Sjogren’s syndrome.
In this study, the A/B using SUV,, of right and left
parotid glands in a patient with Sjogren’s syndrome was
1.06 and 0.74, respectively. Furthermore, The A/B using
SUV ¢ of right and left parotid glands in the other patient
with Sjogren’s syndrome was 3.20 and 4.32, respectively.
We consider that the A/B using SUV_,. of parotid gland
with Sjogren’s syndrome can evaluate stages of Sjogren’s
syndrome.

The limitations of this study were as follows: the number
of patients with SPECT/CT was too small and logistic mul-
tivariate regression analysis was not used to determine the
relationship between SUV . of salivary glands and their
excretion function. Therefore, further research is necessary
to validate these results.
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r parotid gland 22.0 244 .33 11.11 3.23 21.44 6.89 0.48

1 parotid gland 28.7 276.78 9.64 3.28 20.50 5.34 0.54

r submandibular 2.3 5.86 2.46 0.52 3.75 1.21 0.01
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Results dopend on proper scans, accurate input for injection, organ definition, system sensitivity and recon parameters.
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«Fig. 1 79-year-old male with right-sided submandibular sialolithiasis.
a At pre-stimulatory 20 min after injection of Tc-99m pertechnetate.
b At post-stimulatory 40 min after injection of Tc-99m pertechnetate

Conclusions

The aim of this study was to investigate of salivary gland
dysfunction with SPECT/CT, especially the relationship
between SUV . of salivary glands and their dysfunction.
The results of the present study indicate that SUV .. using
SPECT/CT seems a useful tool for evaluation of the salivary
gland dysfunction.
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