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The diagnostic reference level (DRL) is a patient-exposure optimi-
zation tool used to evaluate radiation doses in medical imaging
and provide guidance for protection from them. In Thailand,
nuclear medicine DRLs have not been established yet. Therefore,
this study surveyed dose levels in routine nuclear medicine proce-
dures to provide national DRLs (NDRLs). Methods: NDRLs in
Thailand were established by investigating the administered activ-
ity of radiopharmaceuticals in nuclear medicine examination stud-
ies. The NDRLs were determined on the basis of the 75th
percentile (third quartile) of administered activity distribution as
recommended by the International Commission on Radiological
Protection. As part of a nationwide survey, datasets for the period
between June 1, 2018, and August 31, 2019, were collected from
21 Thailand hospitals with nuclear medicine equipment. All hospi-
tals were asked to report the nuclear medicine imaging devices in
use, the standard protocol parameters for selected examinations,
the injected activities, and the ages and weights of patients. All
data were calculated to determine Thailand NDRLs, which were
compared with international NDRLs. Results: The data reported
by the 21 hospitals consisted of 4,641 examinations with SPECT
or SPECT/CT for general nuclear medicine and 409 examinations
with PET. The most widely performed examinations for SPECT
were bone, thyroid, oncology, and cardiovascular imaging. The
NDRLs for SPECT or SPECT/CT agreed well with published
NDRLs for Europe, the United States, Japan, Korea, Kuwait, and
Australia. In contrast, the NDRLs for 18F-FDG PET in oncology
studies were higher than for Japan, Korea, Kuwait, and Australia
but lower than for the United States, the United Kingdom, and the
European Union. Conclusion: This study presents NDRL results
for adults in Thailand as a way to optimize radiation protection in
nuclear medicine imaging. Moreover, the reported injected activity
levels were comparable to those of other countries.
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Currently, the use of radiation in medical imaging con-
tinues to increase. Although exposure to radiation during

diagnostic workup and treatment often offers patients the
chance to overcome life-threatening illness, they are also at
increased risk of adverse effects (1). To limit exposure of the
general population to radiation and potential adverse effects to
individual patients, diagnostic procedures that include ionizing
radiation need to follow the as-low-as-reasonably-achievable
principle. This principle includes justification of the procedure
(radiation-based diagnosis and treatment are justified only
when the benefit is clearly greater than the risk), optimization
of the dose (the radiation dose must be kept as low as possible
during justified radiologic diagnosis and treatment), and keep-
ing within the legislated dose limits (applicable to staff but not
to the patients being imaged) (2–4). Thus, exposure to radia-
tion from medical imaging should be limited to the lowest
level necessary to reliably answer the diagnostic question (5).
The motivation to minimize patients’ radiation exposure

while maintaining the quality of images is increasing world-
wide (6,7). In Europe, the concept of a reference dose level
was first established in the 1950s through dosimetry surveys
of radiographic examinations in England (8,9). In the United
States, the use of reference dose levels began in 1974–1981
with a nationwide trend survey on radiography use (9). Since
then, the concept of diagnostic reference levels (DRLs) has
been officially adopted by the International Commission on
Radiological Protection and the National Council on Radia-
tion Protection and Measurements to raise awareness of the
potential risks associated with radiation (10,11).
DRLs for nuclear medicine examinations are defined

as radiopharmaceutical activities to be administered to
standard-sized adults. Deviation from the national DRLs
(NDRLs) by more than 20% must be justified (12,13). Cur-
rently, there are more than 30 nuclear medicine departments
in Thailand, but NDRLs have not yet been established.
Therefore, the aim of this study was to establish such
NDRLs for routine nuclear medicine procedures, allowing
for optimization of radiation doses to patients and improve-
ment of the radiation protection process.

MATERIALS AND METHODS

In 2021, the Nuclear Medicine Society of Thailand formed a com-
mittee to conduct a nationwide survey of all nuclear medicine depart-
ments, which were invited via email and telephone calls to provide
information on the types of examinations commonly performed, the

Received Oct. 10, 2023; revision accepted Feb. 13, 2024.
For correspondence or reprints, contact Dutsadee Suttho (dutsadee.s@

allied.tu.ac.th).
Published online Apr. 16, 2024.
COPYRIGHT� 2024 by the Society of Nuclear Medicine andMolecular Imaging.

NDRLS FOR NUCLEAR MEDICINE IN THAILAND � Suttho 1

 J of Nuclear Medicine Technology, first published online April 16, 2024 as doi:10.2967/jnmt.123.266836

https://doi.org/10.2967/jnmt.123.266836
mailto:dutsadee.s@allied.tu.ac.th
mailto:dutsadee.s@allied.tu.ac.th


administered activities used, the types of imaging equipment avail-
able, and the standard procedures used to determine patient doses, as
explained by publication 135 of the International Commission on
Radiological Protection. Examinations of children were excluded.
The obtained data were analyzed using Microsoft Excel;

median, third quartile, mean, SD, maximum, and minimum values
were calculated for each examination type.
This study, approved by the Institutional Review Board, Maharat

Nakhon Ratchasima Hospital Ethics Committee, is in full compliance
with the Declaration of Helsinki and the International Conference on
Harmonization in Good Clinical Practice number 023/2019.

RESULTS

Data for the period between June 1, 2018, and August 31,
2019 were collected from 21 nuclear medicine departments

and are shown in Table 1. The reported numbers of examina-
tions were 4,641 for general nuclear medicine and 409 for
PET. Because some protocols were used rarely, the NDRL
for each protocol was calculated only if more than 4 depart-
ments used it. The radiopharmaceuticals that did not meet
this condition included 99mTc-octreotide (used by 4 depart-
ments), 68Ga-DOTATATE (2 departments), 99mTc-ethyl
cysteinate dimer (4 departments), and 18F-3,4-dihydroxy-
phenylalanine (2 departments). The condition was met by 32
protocols in 10 organ systems, with the 3 most commonly
examined systems being the skeletal system, the endocrine
system, and the cardiovascular system. The dose distribu-
tions for each protocol were generated in terms of 25th per-
centile, 50th percentile, 75th percentile, mean, minimum,

TABLE 1
National Survey Results for Thailand

Organ system and
protocol Radiopharmaceutical

Patients
(n)

M/F
(n)

Age
(y)

Weight
(kg)

Activity
(MBq) Modality

Skeletal/marrow 99mTc-MDP 2,284 882/1,402 59.296 15.83 59.276 13.51 720.39698.79 SPECT
Cardiovascular
MUGA 99mTc-RBC 317 16/301 53.616 10.87 58.626 10.48 752.21690.65 SPECT, SPECT/CT
MPI MIBI
Rest 99mTc-MIBI 205 97/108 66.336 10.91 62.786 15.75 421.066204.61 SPECT, SPECT/CT
Stress 211 97/114 65.926 11.24 62.116 14.0 719.286303.40 SPECT, SPECT/CT

MPI 201Tl 201Tl-chloride 40 30/10 68.286 9.82 62.996 15.56 97.68625.16 SPECT, SPECT/CT
Pulmonary
Perfusion 99mTc-MAA 40 15/25 64.096 14.02 59.416 13.56 227.55674.00 SPECT, SPECT/CT
Ventilation 99mTc-DTPA aerosol 24 12/11 62.656 11.05 66.656 13.71 916.496190.18 SPECT, SPECT/CT

99mTc-Technegas* 662.306139.49 SPECT, SPECT/CT
Gastrointestinal
Protein losing 99mTc-HSA 15 5/10 51.166 13.91 55.486 8.34 609.026186.48 SPECT, SPECT/CT
Hepatobiliary 99mTc-IDA 12 8/4 64.596 21.65 67.326 16.60 237.17666.97 SPECT, SPECT/CT
Esophagus 99mTc-phytate 20 3/17 51.56 11.43 54.566 8.94 31.4561.11 SPECT
Gastric emptying 99mTc-phytate

(solid meal)
22 7/15 51.526 19.79 58.286 6.52 38.8565.92 SPECT

GI bleeding 99mTc-RBC 13 9/4 64.826 14.91 56.646 8.42 490.996199.06 SPECT, SPECT/CT
Hemangiomas 99mTc-pertechnetate 10 3/7 50.496 20.64 57.796 6.71 214.97691.02 SPECT, SPECT/CT

Genitourinary 99mTc-MAG3 99 58/42 47.766 15.51 61.426 13.41 134.31675.85 SPECT
99mTc-DTPA 49 25/24 49.986 16.06 63.986 15.94 156.516136.53 SPECT

Oncology 131I-sodium iodide 99 14/85 46.426 13.68 63.836 14.24 95.83633.67 SPECT, SPECT/CT
131I-MIBG 21 5/16 48.256 15.98 61.296 13.49 44.7769.25 SPECT, SPECT/CT
67Ga-citrate 35 4/2 28.986 11.81 55.06 10.31 158.73622.57 SPECT, SPECT/CT
99mTc-MIBI 29 8/22 49.026 16.54 62.626 13.87 731.49678.07 SPECT, SPECT/CT
18F-FDG 196 92/104 59.636 14.80 59.846 11.98 324.12683.62 PET/CT
18F-PSMA 15 15/0 68.646 5.14 62.746 0.61 242.72622.57 PET/CT
68Ga-PSMA 17 17/0 70.626 10.54 70.036 10.58 187.96644.03 PET/CT

Lymphatic 99mTc-dextran 20 3/17 57.496 12.09 76.626 22.61 96.20624.79 SPECT
99mTc-nanocolloid 31 0/31 58.076 12.23 NA 16.65610.73 SPECT, SPECT/CT

Endocrine
Thyroid 99mTc-pertechnetate 332 54/278 49.226 15.33 60.776 12.43 120.25639.22 SPECT

131I-sodium iodide 201 28/173 47.336 14.66 61.326 13.25 122.10682.88 SPECT
Parathyroid 99mTc-pertechnetate 72 29/43 51.466 15.75 57.996 13.81 155.036117.66 SPECT, SPECT/CT

99mTc-MIBI 106 42/64 51.966 15.60 58.336 14.54 709.296121.73 SPECT, SPECT/CT
Nervous system 18F-FDG 18 9/9 71.666 10.72 56.586 8.26 251.23635.52 PET/CT
Infection/

inflammation

67Ga-citrate 8 5/3 46.876 17.41 43.036 8.39 186.85619.98 SPECT/CT

99mTc-SC-WBC 9 5/4 67.556 14.04 48.0 728.90671.78 SPECT

*Cyclomedica.
MDP 5 methylene diphosphonate; MUGA 5 multigated acquisition; RBC 5 red blood cells; MPI 5 myocardial perfusion imaging; MIBI

5 methoxyisobutylisonitrile; MAA 5 macroaggregated albumin; DTPA 5 diethylenetriaminepentaacetic acid; HSA 5 human serum
albumin; IDA 5 iminodiacetic acid; GI 5 gastrointestinal; MAG3 5 mercaptoacetyltriglycine; NA 5 not applicable; PSMA 5 prostate-
specific membrane antigen; SC-WBC 5 sulfur colloid white blood cells.

Age, weight, and activity are expressed as mean 6 SD.

2 JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY � Vol. 00 � No. 00 � XXX 2024



T
A
B
LE

2
N
D
R
Ls

fo
r
M
os

t
C
om

m
on

P
ro
ce

du
re
s
in

Th
ai
la
nd

P
er
ce

nt
ile

of
d
os

e
d
is
tr
ib
ut
io
n

O
rg
an

sy
st
em

an
d
p
ro
to
co

l
R
ad

io
p
ha

rm
ac

eu
tic

al
M
ea

n
ac

tiv
ity

6
S
D

(M
B
q
)

25
th

50
th

75
th

M
ea

n
N
D
R
L
(M

B
q
)

S
ke

le
ta
l/m

ar
ro
w

9
9
m
Tc

-M
D
P

72
0.
39

6
98

.7
9

68
0.
80

74
7.
03

77
3.
30

72
0.
39

77
3.
3

C
ar
d
io
va

sc
ul
ar

M
U
G
A

9
9
m
Tc

-R
B
C

75
2.
21

6
90

.6
5

71
5.
58

74
0.
00

79
5.
50

75
2.
21

79
5.
5

M
P
I
M
IB
I

R
es

t
9
9
m
Tc

-M
IB
I

42
1.
06

6
20

4.
61

27
3.
80

31
0.
80

65
8.
60

42
1.
06

65
8.
6

S
tr
es

s
9
9
m
Tc

-M
IB
I

71
9.
28

6
30

3.
40

30
5.
25

74
0.
00

94
7.
2

71
9.
28

94
7.
2

M
P
I
2
0
1
Tl

2
0
1
Tl
-c
hl
or
id
e

97
.6
8
6
25

.1
6

92
.5
0

99
.9
0

11
5.
81

97
.6
8

11
5.
81

P
ul
m
on

ar
y

P
er
fu
si
on

9
9
m
Tc

-M
A
A

22
7.
55

6
74

.0
0

18
5.
00

21
4.
60

24
0.
5

22
7.
55

24
0.
5

V
en

til
at
io
n

9
9
m
Tc

-D
TP

A
ae

ro
so

l
91

6.
49

6
19

0.
18

78
4.
4

88
8.
00

11
10

91
6.
49

11
10

9
9
m
Tc

-T
ec

hn
eg

as
*

66
2.
30

6
13

9.
49

54
5.
38

67
8.
58

75
2.
95

66
2.
30

75
2.
95

G
as

tr
oi
nt
es

tin
al

P
ro
te
in

lo
si
ng

9
9
m
Tc

-H
S
A

60
9.
02

6
18

6.
48

40
8.
48

63
2.
70

72
3.
35

60
9.
02

72
3.
35

H
ep

at
ob

ili
ar
y

9
9
m
Tc

-I
D
A

23
7.
17

6
66

.9
7

19
5.
36

21
4.
23

23
5.
69

23
7.
17

23
5.
69

E
so

p
ha

gu
s

9
9
m
Tc

-p
hy

ta
te

(e
so

p
ha

gu
s)

31
.4
5
6
1.
11

30
.7
1

31
.4
5

31
.4
5

31
.4
5

31
.4
5

G
as

tr
ic

em
p
ty
in
g

9
9
m
Tc

-p
hy

ta
te

(s
ol
id

m
ea

l)
38

.8
5
6
5.
92

37
.3
7

39
.2
2

40
.7

38
.8
5

40
.7

G
I
b
le
ed

in
g

9
9
m
Tc

-R
B
C

49
0.
99

6
19

9.
06

30
7.
84

45
1.
77

67
7.
1

48
8.
40

67
7.
1

H
em

an
gi
om

as
9
9
m
Tc

-p
er
te
ch

ne
ta
te

21
4.
97

6
91

.0
2

18
5.
00

18
5.
00

18
6.
48

21
4.
97

18
6.
48

G
en

ito
ur
in
ar
y

9
9
m
Tc

-M
A
G
3

13
4.
31

6
75

.8
5

10
8.
41

11
8.
40

13
4.
31

13
4.
41

13
4.
31

9
9
m
Tc

-D
TP

A
15

6.
51

6
13

6.
53

66
.6
0

18
5.
00

18
5

15
6.
51

18
5

O
nc

ol
og

y
1
3
1
I-
so

d
iu
m

io
d
id
e

95
.8
3
6
33

.6
7

74
.0
0

74
.0
0

11
1

95
.8
3

11
1

1
3
1
I-
M
IB
G

44
.7
7
6
9.
25

38
.4
8

42
.5
5

46
.6
2

44
.7
7

46
.6
2

6
7
G
a-
ci
tr
at
e

15
8.
73

6
22

.5
7

14
4.
30

14
4.
67

17
4.
64

15
8.
73

17
4.
64

9
9
m
Tc

-M
IB
I

73
1.
49

6
78

.0
7

74
0.
00

75
4.
80

78
4.
4

73
1.
49

78
4.
4

1
8
F-
FD

G
32

4.
12

6
83

.6
2

26
8.
62

32
0.
42

37
6.
29

32
4.
12

37
6.
29

1
8
F-
P
S
M
A

24
2.
72

6
22

.5
7

22
3.
48

23
7.
91

26
3.
81

24
2.
72

26
3.
81

6
8
G
a-
P
S
M
A

18
7.
96

6
44

.0
3

15
0.
59

19
0.
55

20
9.
05

18
7.
96

20
9.
05

Ly
m
p
ha

tic
9
9
m
Tc

-d
ex

tr
an

96
.2
0
6
24

.7
9

79
.1
8

90
.6
5

10
3.
6

96
.2
0

10
3.
6

9
9
m
Tc

-n
an

oc
ol
lo
id

16
.6
5
6
10

.7
3

14
.8
0

14
.8
0

14
.8

16
.6
5

14
.8

E
nd

oc
rin

e
Th

yr
oi
d

9
9
m
Tc

-p
er
te
ch

ne
ta
te

12
0.
25

6
39

.2
2

91
.0
2

10
9.
52

14
0.
6

12
0.
25

14
0.
6

1
3
1
I-
so

d
iu
m

io
d
id
e

12
2.
1
6
82

.8
8

74
.0
0

11
1.
00

18
5

12
2.
10

18
5

P
ar
at
hy

ro
id

9
9
m
Tc

-p
er
te
ch

ne
ta
te

15
5.
03

6
11

7.
66

10
6.
19

13
0.
98

16
6.
5

15
5.
03

16
6.
5

9
9
m
Tc

-M
IB
I

70
9.
29

6
12

1.
73

60
4.
58

74
0.
00

79
4.
76

70
9.
29

79
4.
76

N
er
vo

us
sy

st
em

1
8
F-
FD

G
25

1.
23

6
35

.5
2

22
3.
48

25
1.
23

26
8.
25

25
1.
23

26
8.
25

In
fe
ct
io
n/
in
fl
am

m
at
io
n

6
7
G
a-
ci
tr
at
e

18
6.
85

6
19

.9
8

49
.5
8

18
6.
11

19
2.
4

18
6.
85

19
2.
4

9
9
m
Tc

-S
C
-W

B
C

72
8.
9
6
71

.7
8

73
6.
3

74
0.
00

76
5.
9

72
8.
9

76
5.
9

*C
yc

lo
m
ed

ic
a.

M
D
P
5

m
et
hy

le
ne

d
ip
ho

sp
ho

na
te
;M

U
G
A
5

m
ul
tig

at
ed

ac
q
ui
si
tio

n;
R
B
C
5

re
d
b
lo
od

ce
lls
;M

P
I5

m
yo

ca
rd
ia
lp

er
fu
si
on

im
ag

in
g;

M
IB
I5

m
et
ho

xy
is
ob

ut
yl
is
on

itr
ile
;M

A
A
5

m
ac

ro
ag

gr
eg

at
ed

al
b
um

in
;D

TP
A
5

d
ie
th
yl
en

et
ria

m
in
ep

en
ta
ac

et
ic

ac
id
;H

S
A
5

hu
m
an

se
ru
m

al
b
um

in
;I
D
A
5

im
in
od

ia
ce

tic
ac

id
;G

I5
ga

st
ro
in
te
st
in
al
;M

A
G
3
5

m
er
ca

p
to
ac

et
yl
tr
ig
ly
ci
ne

;
P
S
M
A
5

p
ro
st
at
e-
sp

ec
ifi
c
m
em

b
ra
ne

an
tig

en
;S

C
-W

B
C
5

su
lfu

r
co

llo
id

w
hi
te

b
lo
od

ce
lls
.

NDRLS FOR NUCLEAR MEDICINE IN THAILAND � Suttho 3



maximum, and SD. The third quartile (75th percentile) was
used to establish NDRLs as shown in Table 2; these are com-
pared with those of other countries in Table 3.

DISCUSSION

Thailand has about 30 nuclear medicine departments,
including those in government hospitals and those in private
hospitals. Some of these departments did not wish to partic-
ipate in the survey, and some were newly established and
not yet in service. Therefore, the study collected data from
21 departments.
The collected data, categorized by organ system, included

protocols involving the skeletal system or bone marrow,
cardiovascular system, pulmonary system, gastrointestinal
system, genitourinary system, lymphatic system, endocrine
system, and nervous system, as well as oncologic studies
and studies of infection or inflammation.
The myocardial perfusion imaging 99mTc-methoxyisobu-

tylisonitrile rest and stress protocols showed the largest SD
for activity. This large SD is due to differences among
departments, with some performing a 1-d protocol and
others performing a 2-d protocol. In the 1-d protocol, regu-
lations stipulate that the activity must be 3 times higher in
the second study than in the first study (14). In contrast, in
the 2-d protocol, the hospital prescribes the dose or uses a
fixed dose of about 740 MBq in both the first study (on day

1) and the second study (on day 2). However, for no depart-
ment did the injected activity exceed the NDRL.
A comparison of NDRLs between Thailand and other

countries is shown in Table 3. For most protocols, the
NDRLs agreed well with those of other countries (5,15–17).
However, for oncologic protocols using 18F-FDG, the
NDRL in Thailand was higher than those in Asia (Japan,
Korea, and Kuwait) and Australia but lower than those in
the United States, the United Kingdom, and the European
Union (5,18). The expected cause of this difference is that
some departments reported fixed activity levels for a stan-
dard patient rather than general average doses (5).

CONCLUSION

This study established NDRLs for adults in Thailand
through a survey of 21 nuclear medicine departments.
NDRLs are effective at reducing patient exposure and opti-
mizing radiation protection. Nevertheless, the NDRL should
be regarded not as an index of good or bad medical practice
but as supplemental data for optimization. Moreover, the
NDRL is not considered a limit; the first priority for any
diagnostic examination is to achieve sufficient image qual-
ity. NDRLs should be periodically reviewed and updated as
the medical environment changes, such as when technologic
advances in PET and SPECT cameras allow for administra-
tion of a decreased activity of radiopharmaceutical.

TABLE 3
NDRLs for Thailand Compared with Other Countries

Organ system and protocol Radiopharmaceutical Thailand Japan Korea Australia Kuwait U.K. United States European Union

Skeletal/marrow 99mTc-MDP 773.3 950 925 920 944 600 848–1,185 500–1,110
Cardiovascular

MUGA 99mTc-RBC 795.5 — 740 1,030 740 800 916–1,301 600–1,000
MPI MIBI

Rest 99mTc-MIBI 658.6 900 555 620 976 800 519–1,153 560
Stress 947.2 1,200 1,110 1,520 976 800 945–1,402 1,100

MPI 201Tl 201Tl-chloride 115.81 180 111 120 — 80 — 75–150
Pulmonary (perfusion) 99mTc-MAA 240.5 260 222 240 217.5 100 147–226 100–296
Gastrointestinal

Hepatobiliary 99mTc-IDA 235.69 — 370 210 — 150 — —

Gastric emptying 99mTc-phytate
(solid meal)

40.7 — 111 44 37 12 31–50 150–540

Genitourinary 99mTc-MAG3 134.31 400 500 305 370 100 283–379 100–370
99mTc-DTPA 185 400 555 500 90 300 407–587 —

Oncology 131I-sodium iodide 111 — 185 185 — 400 — 90–400
18F-FDG 376.29 240 370 310 230 400 461–710 200–400

Endocrine
Thyroid 99mTc-pertechnetate 140.6 300 217 215 185 80 — 75–222

131I-sodium iodide 185 — 185 185 200 400 — 90–400
Parathyroid 99mTc-MIBI 794.76 800 740 900 900 900 — 400–900

Nervous system 18F-FDG 268.25 240 370 250 231 250 — —

Infection/inflammation 99mTc-SC-WBC 765.9 — 888 800 892.5 200 — 300–600

MDP 5 methylene diphosphonate; MUGA 5 multigated acquisition; RBC 5 red blood cells; MPI 5 myocardial perfusion imaging; MIBI
5 methoxyisobutylisonitrile; MAA 5 macroaggregated albumin; IDA 5 iminodiacetic acid; MAG3 5 mercaptoacetyltriglycine; SC-WBC 5

sulfur colloid white blood cells.
Data are megabecquerels.
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KEY POINTS

QUESTION: Can NDRLs for Thailand be established via a
survey of nuclear medicine departments?

PERTINENT FINDINGS: A survey of 21 nuclear medicine
departments in Thailand allowed the establishment of
NDRLs for adults and comparison of these NDRLs with
those of other countries.

IMPLICATIONS FOR PATIENT CARE: NDRLs can be
used to optimize radiation protection in patients but
should not be regarded as an index of good or bad medi-
cal practice.
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