DOI: 10.7860/JCDR/2018/37216.12128

c
9
=

3]

o)
(2]

>

o
o
=)
k<l

5]
o

ABSTRACT

Introduction: The pharmacokinetics pathway of %"Tc-
pertechnetate, used for thyroid scan, involves the absorption of
9%mTc in normal non-pathologic salivary glands.

Aim: To modify the original protocol used for thyroid scan for
the purpose of decreasing radiation absorbed dose to the non-
target organ (Salivary Gland).

Materials and Methods: Thirty-one patients of different age,
gender, and thyroid function test were gathered and analysed.
Each patient underwent two thyroid scans, the first scan was
performed using the original protocol, and the second scan
was obtained with a slight modification to the original protocol,
where patients were instructed to chew a gum and drink a cup
of water before acquiring the second thyroid scan which started
5 minutes after completing the original scan protocol. Images of
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the original and modified protocols were acquired using SPECT
scanner with the first scan starting 20 minutes post *°"Tc
injection. Patients lay in a supine position while undergoing
both scans. The percentage of the net administrated activity
localised in the thyroid and salivary glands were measured.

Results: The absorbed dose values of the thyroid and salivary
glands from the original protocol and the modified protocol
were estimated. There was no significant change in the thyroid
gland absorbed dose between the two protocols, whereas a
significant (t-test) reduction was found in the salivary gland
absorbed dose using the original and modified protocol with
values being 0.77+0.39 mGy and 0.28+0.09, respectively.
Conclusion: Using the modified chew gum phase protocol in
imaging of the thyroid gland with **"Tc result in decreasing the
absorbed dose of the salivary gland.
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Thyroid glands, *™Tc-pertechnetate

INTRODUCTION

The functions of salivary gland are aiding in food digestion, protecting
oral mucosa, facilitating re-mineralisation, and moistening the palate
for articulation [1]. It is well known that all of ®"Tc-pertechnetate or
'23|-iodide radiopharmaceuticals are the choice for nuclear medicine
thyroid gland imaging [2], where both provide excellent quality
image. While 23| is more expensive than ®mTc, the latter is known
to have lower patient dose [3,4] given the reasonably short physical
half-life (6 hours), short retention in the thyroid gland, and the no
emission of betaparticles provides low dosimetry to the thyroid
gland (10,000 times less than that of ®'l-iodide) as well as to the
whole-body. Further, the gamma photon energy emitted by *°"Tc
(140 keV) is ideal for scintillation cameras, it is readily available, and
is cost efficient [5]. The characteristic similarity between the iodide
and pertechnetate ions explains the uptake of ®"Tc-pertechnetate in
the thyroid gland [2,6]. Although the thyroid does not organify *°mTc-
pertechnetate, in the majority of cases the uptake and imaging data
provide all the information needed for accurate diagnosis [7]. In rare
instances, %|-iodide can subsequently be used for assessment of
organification defects [7]. The radionuclide used in nuclear medicine
imaging should provide a high target to non-target ratio, otherwise
differentiating pathology from background become a challenge
despite the unnecessary radiation dose to the non-target organs.
Thus, when performing a thyroid scan, ideally all the radioactivity
should be in the thyroid gland and nowhere else in the neck
region [8]. In an image of thyroid gland with ®*"Tc-pertechnetate,
the radioisotope definitely appears in the salivary gland, leading to
difficulties in thyroid image interpretation [4]. A **"Tc-pertechnetate
is loosely bound to protein following Intravenous (IV) injection
that rapidly leaves the plasma, about more than half the *mTc-
pertechnetate leaves plasma within minutes, then distributes in the
extracellular fluid and rapidly concentrate in salivary glands, choroid
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plexus, thyroid gland, gastric mucosa, functioning breast tissue
and cross placenta during pregnancy [4]. **"Tc is secreted through
the kidney, and in special situation can be excreted through saliva,
gastric juice, milk and sweat [9]. Thyroid gland, stomach wall, small
intestine, upper and lower intestinal wall and urinary bladder are
the most exposed tissues undergoing *™Tc-pertechnetate thyroid
gland scan [10]. A trace of activity will still be present in the salivary
glands two hours post IV injection, with peak concentration shown
in the first 5 to 10 minutes [4]. Stimulation of the salivary gland
with lemon juice results in rapid reduction of activity [4]. Radiation
exposure from *®™Tc used for thyroid scan depends on thyroid
status and presence of blocking agent [10]. International Committee
of Radiation Protection (ICRP-1987) reported that the effective dose
to the salivary gland during thyroid scan using *™Tc is 0.013 mSv/
MBq, so for use of 75 and 40 MBq of *"Tc for thyroid scan, the
effective dose to salivary gland will be 1.0 and 0.5 mSv respectively.
Absorbed dose without blocking agent after administering 75 MBq
of ®mTc is 1.7 mGy [10]. The aim of this work was to explore the
feasibility of decreasing unnecessary radiation dose to the salivary
glands during a **"Tc-pertechnetate thyroid scan while maintaining
image quality. Radionuclide concentration in salivary glands and the
mean absorbed and effective doses were estimated.

MATERIALS AND METHODS

The present analytical descriptive study was carried out in
nuclear medicine department of Khartoum Center for Oncology
and Nuclear Medicine. The study includes 31 patients examined
for thyroid scan during the period from January to December
2017. The study was approved by ethical research committee of
National Ribat University with collaboration of Khartoum Center for
Oncology and Nuclear Medicine, and all patients were informed
about the study and consent form was signed before the study.
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Patients with thyroid goiter (toxic) and patient under radiotherapy
and/or chemotherapy were excluded from this study. The gamma
camera used in this study is Nucline Sprit (DHV) gamma camera,
DH.004167-V0 SPECT system dual head fitted with Low Energy
High Resolution (LEHR) collimator, manufactured in 2010 in
Hungary, 230V/50Hz (2400VA). The software used in this camera
is camera manufactured system software (MEDISO Interview XP),
this camera was subject to the daily as well as routine Quality
Control (QC) tests in regular bases. The radionuclide used in the
study was *mTc-pertechnetate eluted from Pole TechNet 8.0-
175 GBq radionuclide generators, the radionuclide used passed
the quality control tests performed before being used with the
patients (radionuclide purity and chemical purity). Specifications
were within the guidelines described by monographs of the
USA and the European Pharmacopoeia PH 5.0-7.0 [11-13].
Radiation dosimeter was automatically calculated using Dosisrad
1.1 software, this application was developed in the Visual Basic
programming language and the dosimetric calculations are
based on the values given by the International Commission on
Radiological Protection (ICRP) [14]. Patients were instructed to
discontinue any type of thyroid medication at least one week for
neomarcezole tablets and 14 days for Thyroxin tablets, no X-ray
image with iodinated contrast study at least a week prior to the
time of scanning appointment, and not to eat iodine-containing
foods on the scan day.

Thyroid Scanning Protocols
Each individual patient underwent two protocols as described
below:

The original protocol: A dose of 74-370 MBq (2-10 mCi) of ®*™Tc-
pertechnetate was injected depending on patient weight. Individual’s
injected dose was measured according to individual’s weight and
prepared in a syringe ready for injection. The syringe containing the
activity was placed on the center of the gamma camera couch; 10
cm away from the gamma camera head and counted for 1 minute
before injecting the patient. This was considered for Full Syringe (FS)
image and data. The patient was then injected and requested to
rest in the waiting room for 20 minutes prior to the first thyroid scan.
Patients were recommended to hydrate well during the 20 minutes
waiting period. Following injection, syringe was also counted with
the same parameter for one minute and placed at 10 cm distance
from the camera head to obtain what is called the Empty Syringe
(ES)image and data. The subtraction value of Full Syringe and Empty
Syringe (FS-ES) gives the exact net amount of activity injected to the
patient. Patients lied in a supine position to acquire an anterior plane
image with the thyroid gland in the center of the Field of View (FOV)
of the gamma camera, and at 10 cm distance between patient head
and the camera. The thyroid scan was acquired for one minute to
obtain the uptake in the thyroid gland. Using MEDISO Interview
XP software, a Region of Interest (ROI) was drown around the
thyroid gland and around the salivary gland to calculate the counts
statistics presented in each region [Table/Fig-1]. After completing
the first thyroid scan protocol performed using the original protocol,
individuals involved in this study underwent a second thyroid scan
following a modified protocol.

The modified protocol: Individuals were instructed to chew a
gum to stimulate the salivary gland, and swallow their saliva. They
were then instructed to drink a cup of water after 5 minutes after
the chewing gum phase. Patient setup of the original thyroid scan
protocol described above was followed, and ROIls were drawn
around the thyroid and salivary glands to measure the counts
in each region. Counts in the salivary glands obtained using
the modified protocol was then compared to counts defined
following the original protocol, reflecting the impact of chewing
gum phase.
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[Table/Fig-1]: Shows the ROI around the thyroid gland and salivary glands in an
anterior view image.

STATISTICAL ANALYSIS

The mean and Standard Deviation (SD) of the net injected dose
(FS-ES) across the cohort samples, and the mean and SD counts
in the ROIs delineated around the thyroid gland and salivary
glands were calculated and measured. Pearson coefficient test
was used to correlate the mean salivary absorbed dose using the
original and modified protocol. t-test was used to study statistical
differences between thyroid and saliva glands absorbed and
effective doses using the original and modified protocol. Further,
t-test was used for significant uptake differences between right
and left side salivary glands.

RESULTS

The gender, age, weight, height and the history of each patient was
recorded. The peak incidence was among 24-35 year old; out of
which 5 (16%) were male and 26 (84%) were female. The average
age of the patients studied was 40 year old ranging from (20-80).
The acquired anterior image of the thyroid gland and salivary glands
showed abundance of accumulated activity in the thyroid gland and
salivary glands with only minimal uptake in the neck region [Table/
Fig-2]. In average, the percentage of activity trapped in the thyroid
gland was 1.69% of the total dose administrated with only 0.30%
being trapped in the salivary gland, implying that salivary glands
receive ~20% of the dose absorbed by the thyroid gland resulting in
an uptake concentration ratio of 5:1 between the thyroid (targeted)
and salivary glands (non-targeted). The mean and (range) of thyroid
gland absorbed dose across all 31 patients using the original and
modified thyroid scan protocol were 1.90 mGy ranging from (3.95
to 1.15), and 1.89 mGy ranging from (3.94 to 1.15), respectively
[Table/Fig-3a]. The mean and (range) of salivary glands absorbed
dose across all 31 patients using the original and modified thyroid
scan protocol were 0.77 mGy ranging from (0.95 to 0.7) and
0.28 mGy ranging from (0.70 to 0.35), respectively [Table/Fig-3b].
Making use of t-test, no significant differences were found between
thyroid gland absorbed dose using the original and modified
protocols. In contrast, a statistically significant difference was found
in the salivary glands using the original and modified protocols, with
the latter protocol demonstrating significantly lower dose to the
salivary glands. No statistical differences were found between the
uptake in Right (Rt) and Left (Lt) salivary glands using t-test [Table/
Fig-4]. Using a Pearson coefficient test, a significant correlation was
obtained between mean salivary absorbed dose using the original
and modified protocol [Table/Fig-5].

Journal of Clinical and Diagnostic Research. 2018 Oct, Vol-12(10): TCO1-TC04



www.jcdr.net

[Table/Fig-2]: Demonstrate uptake in the thyroid and salivary glands using the
modified protocol.

[Table/Fig-3]: Demonstrate the mean (and range) of uptake in the thyroid (top panel,
A) and salivary glands (top panel, B) using the original and modified protocol. The bottom
panel demonstrate radionuclide uptake in the salivary glands (left and right sides) using

the original (bottom panel, A) and modified (bottom panel, B) protocol.

0.6+

[Table/Fig-4]: Shows the uptake in the Right (Rt) and Left (Lt) salivary glands with
no significant differences in the uptake between the two gland sides.

DISCUSSION
Salivary gland trapped 20% of the total activity dose administrated,
even with this percentage the image is considered as high quality
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Absorbed Dose

Salivary gland Absorbad Dose from eriginal protoco

[Table/Fig-5]: Correlation between salivary glands absorbed dose using the original
and modified protocol.

image [15], but the concern of radiation risk cannot be insignificant
[16,17]. The result of salivary gland absorbed dose before and after
the implementation of Chew protocols showed variation in the result
between the two protocols used, this indicated that the modified
chew protocol have a direct effect in decreasing the salivary gland
absorbed dose and have no direct effect in the thyroid gland, so the
modified protocols help in reducing the salivary gland absorbed dose
while maintaining same image quality as of the original protocol. A
significant correlation was obtained between mean salivary absorbed
dose using the original and modified protocol. This minimal dose
reduction observed in the thyroid gland using the two protocols can
be referred to the proximity in time between the two scans (5 minutes)
as the first thyroid image obtained using the original protocol was
performed 20 minutes after administration of radioactivity whereas
the second thyroid image obtained using the modified protocol was
acquired 25 minutes after administration of radionuclide.

In contrast, the mean effective dose in the salivary glands was
shown to be significantly different in the two protocols. With the
mean effective dose +SD using the original protocol to that using
the modified protocol were 0.67+0.17 mSv and 0.23+0.06 mSy,
respectively. The finding demonstrates the impact of gum chewing
phase on the salivary glands (non-targeted organ) uptake for patients
undergoing thyroid scan. The mean percentage of the total activity
administrated to the patient and that absorbed by the salivary
gland in term of mean absorbed dose and the mean effective dose
to salivary gland were significantly reduced by 80%, 63.6%, and
68.7% from their original values respectively. There is a significant
association between risk for both Malignant Salivary-gland Tumours
(MSTs) and Benign Salivary-gland Tumours (BSTs) and gamma
radiations. Several other case control studies have reported that
various malignancies have a higher number of gamma radiation
induced chromatid breaks per cell [17-19]. Herein, we demonstrate
an absorbed and effective dose reduction to the salivary glands
(non-targeted organ) while maintaining same image quality using
chewing gum phase.

CONCLUSION

A ®mTc Pertechnetate is the most widely used radioisotopes in
imaging of the thyroid gland. The implementation of the modified
Chew protocols will help in reducing the absorbed dose of non-
target organ especially the salivary gland and reduce the probability
of radiation induced salivary gland cancer.

LIMITATION

Small sample size is one of the limitations of the study. Further
studies with larger sample size are recommended.
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