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Abstract

To date, myocardial perfusion (MP) has been utilized to assess the adequacy of blood flow to the myocardium in order to
determine the ischemic heart diseases. With the advent of SPECT/CT, MP became the most common investigation in the field
of nuclear cardiology with more accuracy and details. Thallium-201 and Technetium-99m (Tc-99m) have been early used
in cardiac nuclear imaging. Half-life of Tc-99m is 6 h, and its energy is 140 keV, while the half-life of T1-201 is as longer
as 73 h, its X-ray energies range between 69 and 81 kV in addition to gamma rays of 135 keV and 167 keV. The purpose of
the present study was to explore the radiation dose rates emitted from the patients following Tc-99m sestamibi injection. To
achieve that, the radiation emanated to the environment was measured at different distances from patients and various time
intervals for 20 patients using GM counter. The mean radioactivity administered to the patients was 391.1 MBq (10.6 mCi),
with a range between 276.8 MBq to maximum of 515.4 MBq. Radiation dose rate was found 9.07 uSv h™! at 1 m distance
from the patient’s chest level after 7.6 min, then decayed to 7.93 pSv h™! after 36.5 min, and 7.83 puSv h™! later to 66.4 min.
It was concluded that 1 m distance from the patients sounds sensibly adequate to maintain the occupational dose within the
safe limit following Tc-99m sestamibi injection, while verification of public dose rate <1 pSv h™! at 1 m distance from the
patient prolongs to 14 h following Tc-99m injection.
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Introduction

Editorial responsibility: iskender AKKURT. L. .
P Y People are usually exposed to artificial and natural radia-

B4 O. Giinay tion sources in their life span (Akkurt et al, 2015; Cetin

osman.gunay @okan.edu.tr et al. 2016; Demir et al. 2017; Giinay 2018; Kara et al.
2017a; 2016a; Mavi and Akkurt 2010; Seckiner et al.
2017). Accordingly, determination of radiation level is a
prerequisite for justification of practice and radiation pro-
tection in the public health (Kara et al. 2017b). Over the
past, many studies have been carried out to determine both
occupational and natural radiation doses (Akozcan et al.
2014; Giinay et al. 2018). Moreover, the concept of radia-
tion dosimetry has gained greater concern with the wide-
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Cardiovascular diseases are the most common causes
of death around the world. Many health organizations
declared that coronary artery disease (CAD) has a ris-
ing incidence in developing countries despite the exerted
efforts to reduce the rate. Nuclear cardiology plays a
substantial role in the detection and diagnosis of several
cardiovascular disorders. In particular, the introduction
of photoemission tomography (SPECT) has improved
the diagnosis and prognosis of many cardiac conditions
such as: CAD, infarct diagnosis, size, prognosis and risk
assessment, evaluation of ventricular function, conges-
tive heart failure, determination of stunning myocardial
hibernation and evaluation of viability. In nuclear cardi-
ology, radionuclides of T1-201 and Tc-99m sestamibi are
the most frequently used in myocardial perfusion imag-
ing. Tc-99m-labeled legends has become the preferential
agent in the myocardial imaging due to its superior physi-
cal properties compared to Thallium-201. For instance,
the shorter half-life of Tc-99m (6 h) and the optimum
efficiency in the interaction with the detector’s crystal
enabled more injections load and enhanced image quality.
Simultaneously, Gated SPECT using technetium further
helped to assess the ventricular functional parameters
such as ventricular volume, ejection fraction, adjacent
wall motion, and thickness (Germano et al. 1995). Tc-
99m sestamibi is routinely applied in the form of two
separate injections as stress and rest modes and a lot of
investigators indicated the usefulness of nitroglycerin
administration in evaluating viability (Maurea et al. 1995;
Batista et al. 1999).

On the other hand, the radiation exposure hazards were
beyond the radiation protection rules recommended by sev-
eral global organizations. The International Commission on
Radiological Protection (ICRP) recommended dose rate of
20 puSv h~! at 1 m for discharging patients following radio-
nuclide therapy (Abugbeitah et al. 2017). These principles
also regulate the safe use of radioactive materials in order
to minimize the exposure risk to patients, caregivers, gen-
eral public and environment. Thus, it is indeed important to
explore the radiation intensity emitted from the patient and
the expected dose rate after radiopharmaceutical injection
in nuclear medicine.

The main purpose of this study was to determine the
radiation dose rate in patients with cardiac diseases after
radiopharmaceutical Tc-99m sestamibi venous injection into
the body at different distances along the time.
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Materials and methods

This study was conducted at the Hospital of Okan Uni-
versity in Istanbul including 20 patients (7 males and 13
females). The participants were randomly selected with
an average age of 56.45 years (range: 34-81 years). The
patients have average weight of 78 kg, minimum of 50 kg,
and maximum weight up to 100 kg. The minimum injected
dose to the patients was 276.8 MBq (7.5 mCi), and the
maximum activity was 515.4 MBq (13.9 mCi) with a
mean of 391.1 MBq (10.6 mCi). Informed consent was
obtained from all individual participants included in the
study according to the approval of Istanbul Okan Univer-
sity, Research Ethics Committee.

In the present study, exposure rate due to radiation emit-
ted from the patient was measured at twelve different loca-
tions for all of the patients (Giinay and Abamor 2018). Firstly,
head-level measurements were made at only four distances
as 30 cm (0.3 m anterior), 60 cm (0.6 m anterior), 100 cm

on 10 100 °0

Fig.1 Measurement regions; (1):30 cm anterior from head, (2):
60 cm anterior from head, (3): 100 cm anterior from head, (4):
200 cm anterior from head, (5): 30 cm anterior from chest, (6): 60 cm
anterior from chest, (7): 100 cm anterior from chest, (8):200 cm ante-
rior from chest, (9):30 cm anterior from foot, (10): 60 cm anterior
from foot, (11):100 cm anterior from foot, (12): 200 cm anterior from
foot
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(1 m anterior), and 200 cm (2 m anterior) far a way from the
patient’s head. Chest-level and foot-level measurements were
also acquired at the same distance points of 30 cm (0.3 m
anterior), 60 cm (0.6 m anterior), 100 cm (1 m anterior),
and 200 cm (2 m anterior) from the patient’s chest and foot
level (Fig. 1). All records were made at multiple time marks
starting from an average of 7.6(range 1-15) min, 36.5(range
23-47) min and ending at 66.4(range 53-90) min after
injection.

The radiation dose rates were measured using GM coun-
ter (Inspector Nuclear Radiation Monitor Deluxe Dose Rate
CPT.5250-0047). Calibration (GM counter) was done by
TAEK (Turkish Atom Energy Association) in June 2018.

Results and discussion

The mean dose rates and normalized mean dose rates
measured at different distances from the head level at
varied times are shown in Table 1. The mean dose rate
measured at 100 cm distance from the patients’ head
level and 7.6 (range 1-15) min after injection was 8.81
(range 5.8-21.64) uSv h™'. Then, the mean dose rate
decayed down to 7.72 uSv h™!(range 4.32-16.26) after
36.5 (range 23—-47) min, whereas the measured mean dose
rate after 66.4 (range 53-90) min was relatively lower as
7.51(4.76-11.43) uSv h~! at 100 cm.

The mean dose rates and the normalized mean dose
rates measured at different distances from the chest level

Table 1 Mean dose rates
and normalized dose rate for
different distance from head

Distance from

patient (cm) tion (min)

Time after the injec- Mean dose rate uSv h™! (range)

Normalized mean dose
rate (uSv h™! MBq™)

30 7.6
36.5
66.4
60 7.6
36.5
66.4
100 7.6
36.5
66.4
200 7.6
36.5
66.4

54.26 (19.31-87.00) 0.139
42.21 (14.84-85.5) 0.107
34.46 (11.87-63.41) 0.088
20.11 (12.88-29.12) 0.051
16.32 (11.12-23.71) 0.041
14.92 (9.26-25.95) 0.038
8.81 (5.8-21.64) 0.022
7.72 (4.32-16.26) 0.019
7.51 (4.76-11.43) 0.019
4.15 (2.8-6.3) 0.011
4.02 (1.1-14.71) 0.011
3.96 (2.43-6.79) 0.010

Table 2 Mean dose rates
and normalized dose rates at
different distances from chest

Distance from

patient (cm) tion (min)

Time after the injec- Mean dose rate uSv h™! (range)

Normalized mean dose
rate (uSv h™! MBq™)

30 7.6
36.5
66.4
60 7.6
36.5
66.4
100 7.6
36.5
66.4
200 cm 7.6
36.5
66.4

73.47 (35.02-136.13) 0.019
59.06 (32.2-94.13) 0.151
50.57 (21.14-83.17) 0.129
22.34 (12.25-32.87) 0.057
18.29 (11.58-26.46) 0.046
17.94 (7.72-34.85) 0.046
9.07 (5.54-11.47) 0.023
7.93 (5.18-11.53) 0.020
7.83 (4.13-13.41) 0.020
4.28 (2.67-6.71) 0.011
4.12 (2.21-6.73) 0.011
4.08 (2.24-7.83) 0.011
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Table 3 Mean dose rates
and normalized dose rates at

Distance from patient

Time after the injection

Mean dose rate uSv h™!

Normalized mean dose

i te (uSv h™! MBq~!
different distances from foot (em) (min) (range) rate (uSv a)
30 7.6 16.82 (2.51-66.02) 0.043
36.5 15.12 (3.58-38.14) 0.038
66.4 14.61 (3.76-74.26) 0.037
60 7.6 13.78 (3.16-21.87) 0.035
36.5 12.21 (1.59-25.17) 0.031
66.4 10.35 (4.46-19.62) 0.026
100 7.6 8.43 (3.04-14.23) 0.021
36.5 7.01 (2.41-15.72) 0.018
66.4 6.87 (2.84-19.53) 0.017
200 7.6 4.02 (2.16-8.68) 0.010
36.5 3.98 (2.31-24.36) 0.010
66.4 3.95 (2.09-7.53) 0.010
Fig.2 Mean dose rates over 30 cm ¢ Head
time at 30 cm from the head,
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Fig.3 Mean dose rates decay by time at 60 cm from the head, chest,

and foot of the patients
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Fig.4 Mean dose rates decrease by time at 100 cm from the head,
chest, and foot of the patient
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Fig.5 Mean dose rates by time at 200 cm distance from the head,
chest, and foot of the patients
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Fig.6 Mean dose rates by distance from patients’ head, chest and
foot level after 7.6 min

through variable time points are summarized in Table 2.
The mean dose rate measured after 7.6 (range 1-15) min
at 100 cm distance from patient chest level was 9.07 (range
5.54-11.47) uSv h™!. The mean dose rate measured fol-
lowing 36.5 (range 23—47) min at 100 cm distance from
patients’ chest level was 7.93(5.18-11.53) uSv h~!. Ulti-
mately, the mean dose rate registered after 66.4 (range
53-90) min at 100 cm distance from chest level was as low
as 7.83 (range 4.13-13.41) uSv h™!.

The mean dose rates and normalized mean dose rates
obtained at different distances from the foot level and
variable times are reported in Table 3. The mean dose rate

36.5 minute
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Fig.7 Mean dose rates by distance from patients’ head, chest and
foot level after 36.5 min
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Fig.8 Mean dose rates by distance from patients’ head, chest and
foot level after 66.4 min

measured after 7.6 (range 1-15) min at 100 cm from the
patients’ foot level was 8.43 (range 3.04—14.23) uSv h™!,
and decayed to average dose rate of 7.01 (range
2.41-15.72) uSv h~! after 36.5(range 23-47) min from
injection. The mean dose rate persists decaying until 6.87
(range 2.84-19.53) uSv h~! after 66.4 (range 53-90) min at
the same distance.

The mean dose rates noted at the mentioned distances
of 30, 60, 100 and 200 cm from the patients markedly
decreased with the spending time, as shown in Figs. 2, 3, 4

@ Springer
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and 5 subsequently. Ordinarily, myocardium perfusion test
implies accumulation of higher amount of radioactivity in
the heart muscle; therefore, the normalized mean dose rates
measured from the chest level at 30 cm 60 cm and 100 cm
distances were greater than the head level. Nevertheless, the
dose rate at the head level was as same as the chest level at
the farthest distance 200 cm from the patients.

In contrast, Figs. 2, 3, 4 and 5 also addressed the power of
correlation between the decayed dose rates across the time.
It was majorly found a well to robust degree of association at
all measurement levels including head, chest and foot level
from the commencement of injection until late time points.

The measured mean dose rates at 7.6 min after injection
decrease with the distance from the head, chest and foot
level. There was also a strong correlation from the fitting of
the dose rates to the distance from the patients at all levels
as seen in Fig. 6.

The measured mean dose rate at 36.5 min after injection
was further decreased due to not only the activity decay,
but also the increased distance from the measurement levels
(head, chest and foot) of the patient as shown in Fig. 7.

Eventually, the measured mean dose rate at the last time
point of 66.4 min after injection showed symmetrical regres-
sion with respect to the distance level from the head, chest
and foot of the patient. This regression is visualized on the
sturdy correlation between the distance from the head, chest,
foot level of the patients and the normalized mean dose rates,
as demonstrated in Fig. 8.

In common, many studies described the biokinetics of dif-
ferent types of radionuclides where the mutual consequence
posed to gradual decrease in the dose rate by time pass and
distance from the patients (Demir et al. 2011; Quinn et al.
2012; Cronin et al. 1999; Bera et al. 2018; Fayad et al. 2015).

The occupational radiation dose or the maximum expo-
sure rate in the hot area should be kept below 10 uSv h™!
(Demir 2015), while the maximum permissible dose rate
for the public is extremely lower as 1 pSv h™!. In this study,
the dose rate at 1-m distance from the patient’s chest level
was 9.07 pSv h™! after 7.6 min, 7.93 pSv h™! after 36.5 min,

* @ Springer

and 7.83 pSv h™! at the last measurement time of 66.4 min
following injection of 391 MBq Tc-99m, while the dose rate
at 2 meters from the patient’s chest level was much lower to
4.28 pSv h™! after 7.6 min, 4.12 pSv h~! after 36.5 min, and
4.08 pSv h™! at the end time point 66.4 min.

On the basis of the present study, the scintigraphy tech-
nologist and the radiation workers should stay at least
1 m away from the patient after 7 min from the injection.
Unlikely, the distance should be much bigger and the time
for the safest proximity to patients is considerably longer
for public safe exposure. In other words, to verify the dose
rate limit of the public as low as 1 pSv h™!, it was empha-
sized through this study that the radiation dose rate less than
1 pSv h™! at 1 m distance from the patient can be reached
14 h after Tc-99m injection. Hence, the companions and
patient’s family members should stay far away from the
patient as much as possible after the commencement of
Tc-99m injection to avoid unnecessary radiation exposure.
Moreover, careful instructions must be conveyed to the
treated patients regarding the acts in the abroad like pub-
lic transportation, and special care has to be taken to avoid
close contact to others in the first 14 h following the onset
of the procedure in order to maintain the highest degree of
the radiation safety.

Conclusion

In this study, the dose rate of the emitted radiation from
patients injected by Tc-99m sestamibi was determined tak-
ing into consideration different distances and multiple time
marks. It was deduced that keeping 1 m far from the patients
can be regarded an adequate distance to keep the occupa-
tional dose within the safe limit following Tc-99m injection.
It was also emphasized that the permissible dose rate for the
public <1 pSv h™! at 1 m distance from the patient can be
fulfilled 14 h after the start of Tc-99m injection.
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