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Why Medical radiation is important?
source of radiation burden in public.

Mainly
Radon-222

From:
UNSCARE 2013 Report Vol.1 SOURCES, EFFECTS AND RISKS OF IONIZING RADIATION
Einstein AJ. J Am Coll Cardiol. 2012;59(6):553-565

5

In US half, In Japan 2/3 of radiation burden of public is related to medicine.
If you want to reduce burden, most straight and practical way is reduce the 
medical radiation.

Is there evidence in clinical practice?
: Breast ca.

performed in 1925-1954

During 30 year follow up.

Boice JD Jr. et al. Radiat Res 1991; 125: 214-222
Very clear linear relationship. 
However, note the X axis range is very large (0-40Gy). It is hardly "low dose".



Does the low dose medical 
radiation result cancer occurrence?

CT during adolescence resulted in increased cancer risk 
(Austraria)

Pediatric CT increased brain tumor and leukemia risk 2~3 
times higher than normal subjects (UK)

Mathews JD. et al. BMJ. 2013 May 21;346:f2360

Pearce MS, et al. Lancet. 2012 Aug 4;380(9840):499-505

Although controversy exists in those studies, 
we have to admit the risk from medical 

radiation is the public interest.

7

Is the low dose medical radiation 
causes DNA damage: YES.

measured by counting -H2AX

8

DNA damage occur with medical low dose radiation, but 
the damage will be repaired.

Brand M, et al. Eur J Radiol (2012)

DNA DSB caused by low dose radiation 
from CT will be repaired in 24 hr (in most 
of subjects)



LNT theory is still under debate.

Strongly supportive

Moderately supportive

Weakly supportive.

Not supportive

Inconclusive

From NCRP Commentary No.27

Why cardiology is 
important in radiation 
protection?



Why cardiology is important in 
radiation protection

most important sources of
medical radiation

Einstein AJ. J Am Coll Cardiol. 2012;59(6):553-565

How to manage 
radiation protection in 
nuclear cardiology?



Benefit according 
usage of radiation

Risk according
usage of radiation.

Total harm
to the patient.

Total benefit
to the patient.

Put this balance in your mind always.
Everything starts here.

Balance between risk and benefit.

Justification and Optimization

Principle of Justification:
Put heavy on this side to 
keep the gauge into blue. 14

Benefit according 
usage of radiation

Risk according
usage of radiation.

Total harm
to the patient.

Total benefit
to the patient.

LNT theory tells you that some 
burden always exists on this side.

Principle of optimization:
Make this side lighter.

When this side is light (or none) 
gauge turn into red area.



proposed in INCAPS study.
1. Avoid thallium stress usage
2. Avoid dual isotope usage
3. Avoid too much Tc usage
4. Avoid too much Tl usage

5. Perform stress-only imaging
6. Use camera-based dose reduction
7. Do weight based dosing
8. Avoid "shine through"

15

Less than 25%
50~25%

How to optimize: 
INCAPS 8 best practices

1: Avoid thallium stress.
in patients 70 years old or less.

used.

111~74MBq

tracers: 1100MBq

not so widely used.

35%

43%

22%
Tc
Tl
Both

Ratio of MPI
radioisotope usage in JAPAN

Otsuka R, et al. J Nucl Cardiol. 2017 Mar 28. doi: 10.1007/s12350-017-0867-2

1



20mSv=
In many article, it is 
recommended not to 
exceed 20mSv per single 
examination.

9mSv=
Upper limit of radiation 
dose per single study 
recommended by ASNC 
(American Society of 
Nuclear Cqardiology

Radiation dose in JAPAN according to MPI

17

Tc-99m tracers
(typical dose 1110MBq)

Thallium
(Typical dose 111MBq)

With typical dosage, effective dose of Tl-
201 usage is 

x2 of Tc-99m tracers.

Otsuka R, et al. J Nucl Cardiol. 2017 Mar 28. doi: 10.1007/s12350-017-0867-2

Number to be
reminded

Thallium has higher effective 
dose per unit administration.

Tl-201 Tetrofosmin MIBI
Ex Rest Ex Rest

Effective dose 
(mSv/MBq) 0.14 0.0069 0.0080 0.0079 0.0090

be calculated as lower in new publication.

ICRP pub 53 ICRP pub 80 ICRP pub 53 
addendum 5 ICRP pub 106 ICRP pub 128

Year 1988 1998 2001 2008 2015
mSv/MBq 0.23 0.22 0.17 0.14 0.14

Many article uses 0.17mSv/MBq on ICRP pub 53 addendum 5
But newest ICRP pub showed new number.
You have to keep renew the knowledge.

From ICRP publication 128



effective dose compared to Tc-99m agents.

risk. Note the magnitude of susceptivity is higher in Thallium than in Tc-
99m agents.

Ratio of effective dose of each age 
over that of Adults

Adult 15yo 10yo 5yo 1yo
Thallium 1 1.429 4.000 5.643 9.286

Tetrofosmin (stress) 1 1.275 1.884 3.043 5.652
Tetrofosmin (rest) 1 1.250 1.875 3.000 5.750

MIBI (stress) 1 1.266 2.205 2.911 5.696
MIBI (rest) 1 1.333 2.000 3.111 5.896

In Pediatric study, it is strongly recommended to use
Tc-99m agents.

From ICRP publication 128

How to optimize: 
INCAPS 8 best practices

2: Avoid dual isotope
 Tl/stress Tc) usage in patients 70

years old or less.

2

Using energy difference of gamma-ray 
from Tl and Tc-99m, make protocol very 
short to be finished within 2 hour.

But dose became large.
(in this study 22.8mSv)

What is dual isotope imaging

Berman DS. et al. J Am Coll Cardiol (1993); 22 1455-1464



How to optimize: 
INCAPS 8 best practices

3: Avoid too much Tc.

4: Avoid too much Thallium

3, 4

To maintain this rule, DRL (Diagnostic Reference Level) in each country is useful.

DRL
DRL: Perform the country level
survey and determine the radiation
dose, injected activity distribution.

COMPARISON to DRL: 
INCAPS 8 best practices

3: Avoid too much Tc.

4: Avoid too much Thallium

did not follow best practice #4

3, 4

Einstein AJ. et al. Eur Heart J

Now, DRL at 2020 became 120MBq
It means most of Japanese institutes now follow best practice #4



How to optimize: 
INCAPS 8 best practices

5: Perform stress only imaging
age first then check the result.

When image is completely normal, subsequent rest image
can be (should be) omitted.

be omitted in 2/3 of total MPI tests.

5

between  patients diagnosed as
normal with stress only image and
that with stress/rest protocol
There is no disadvantage to the patient
when switching to stress only.

However, image quality of stress image 
should be well maintained.

In this study, attenuation correction was 
performed.Ueyama T. Circ J. 2012; 76 : 2386-2391

How to optimize: 
INCAPS 8 best practices

6: Use camera-based dose-reduction strategy

ition (supine + prone, etc.

6

state camera

dose(from10(stress)/30(rest)M
Bq to 5(stress)/15(rest)MBq),
and short acquisition, image
quality is well maintained.

Duvall WL. et al. J Nucl Cardiol 2011; 18: 847-857



Comparison of representative images between ULD HE SPECT and SLD A-SPECT imaging.  
Einstein AJ. et al. J Nucl Med 2014;55:1430-1437

(c) Copyright 2014 SNMMI; all rights reserved

Milisievelt study

Stress only protocol

Advanced camera and Tl usage
Reducing administration dose to 
0.028mCi/kg 60kg:1.68mCi

Image quality is maintained 
Effective dose: about12mSv
(average body weight was 78kg in 

this study)

Dose reduction to 0.014mCi/kg
60kg: 0.84mCi

Still enough quality to risk 
stratification.
Effective dose: 4.5mSv

Songy B. et al., Nucl Med Commn 2012, 33: 464-469

Int J Cardiovasc Imaging 2019, 
35: 1163-1167

Using advanced solid-state gamma camera, 
reduction of radiation dose can be achieved even with Thallium usage.



How to optimize: 
INCAPS 8 best practices

7: Do weight-based dosing for Tc.

8: Avoid shine through

more of first injection.

7, 8

Note: Actually "avoid Shine Through" does not resulted in dose reduction.

What is Shine-through?

tio for 1st : 2nd injection.

Definite ischemia 
without infarction 

Definite ischemia
without infarction 

Ischemia with 
mild infarction.

Equivocal ischemia

Stress

true stressRest

true Rest

stress you see

Rest you see

mis-
interpretation
of finding.

False negative

overlapped
stress image

overlapped
Rest image

28

Stress first shine-thorugh

Rest first shine-thorugh



Do not rely on single method.
Do multiple method

incremental dose reduction can be achieved.

G1: fixed inject dose 740MBq)
G2: Variable dose 8Mbq/Kg)
G3: Reduced variable dose

advanced image 
Reconstruction 

(4MBq/Kg)

How about PET?
Four of Best practices are 
regarding tracers.

1. Avoid thallium stress usage
2. Avoid dual isotope usage
3. Avoid too much Tc usage
4. Avoid too much Tl usage

SPECT resulted in
clear dose reduction.

Desiderio MC et al. Circ Cardiovasc Imaging. 2018 Dec;11(12):e007565.

How about PET usage?

Data in US

Tracer
Effective 

dose 
(mSv/MBq)

Median 
injected 

dose 
(MBq)

Tl-201 0.14

Tc
MIBI 0.009

1480
Tetrofosmin 0.008

Rb-82 0.0011
3330

N-13 NH3 0.0027

Around
13mSv

Around
4mSv



ed, three principle of

to to
medical radiation may resulted in harm for patient.

),
proposed principle of medical
radiation.

 both the referrer and the
imager are responsible for justification of the test
involving exposure to ionizing radiation

when expected dose may exceed 20mSv/exam.

Take home message.

according to medical procedure, including
cardiology.

just theory and under debate.

nuclear cardiologists.

usage (#1-4) are well followed.

 will resulted significant
dose reduction.

Thank you for your attention.
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