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DISCLOSURES



• Special precautions for the public are rarely required after 

diagnostic NM procedures and usually involve special groups 

(e.g. children, pregnant women).

• However, some therapeutic NM procedures may result in 

significant exposures to other people, especially those involved 

in the care and support of patients.

• Decision to hospitalize or release a patient should be taken on 

an individual basis (ICRP).

DISCHARGE OF A RADIONUCLIDE THERAPY PATIENT



Decision to discharge is based upon:

• Patient’s medical needs

• Radiopharmaceutical administered (emitted radiations, physical and 

effective half-life)

• Residual radiopharmaceutical activity in patient

• Patient status (ability to isolate himself and self-care)

• Family members at home (especially children or pregnant women)

• Compliance with applicable Dose Limits and Dose Constraints

• Patient cooperation to follow radiation protection instructions

DISCHARGE OF A RADIONUCLIDE THERAPY PATIENT
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EXPOSED GROUPS AFTER PATIENT RELEASE

• Family members, willingly and voluntarily providing support to 

the patient (carers/comforters)

• Other family members, including children

• Neighbors, visitors to the household

• Co-workers

• Co-travelers using public transport 

• People encountered at public events, such as entertainments

• General public



INTERNAL EXPOSURE DUE TO CONTAMINATION

• For pure beta emitting radionuclides (Y-90, Sr-89) radioactive 

contamination from patient’s excreta is practically the single 

pathway of possible exposure to other people.

• External exposure due to bremsstrahlung radiation usually poses 

no significant risk to other people, provided that simple 

precautions are followed.



INTERNAL EXPOSURE DUE TO CONTAMINATION

Written instructions for the patient:

• Urinate in a seated position (men also). Flush toilet paper down the 

toilet and flush toilet twice. Wash hands thoroughly.

• Take a shower and wash your hair every day.

• Do not share cutlery during meals.

Written instructions for family, carers/comforters:

• Use gloves when handling items contaminated with patient’s excreta.

• Wash patient’s underwear, pajamas, sheets separately.



EXTERNAL EXPOSURE

𝐷 t =
1.44𝛤𝑄0𝑇𝑝 1 − 𝑒

− 𝑙𝑛2 𝑡
𝑇𝑝

𝑟2

• Γ the radionuclide dose rate constant 

(μSv.m2/MBq.h)

• Q0 the administered activity (MBq)

• Tp the radionuclide physical half-life (h)

• r is the person’s distance from the patient (m)

• t is the time the person spends at distance r 

from the patient (h)

• For radionuclides with significant 
photon emissions



• Γ the radionuclide dose rate constant 

(μSv.m2/MBq.h)

• Q0 the administered activity (MBq)

• Tp the radionuclide physical half-life (h)

• r is the person’s distance from the patient (m)

• E is an occupancy factor (fraction of time the 

person remains at distance r)

𝐷 ∞ =
1.44𝛤𝑄0𝑇𝑝𝐸

𝑟2

If t is taken until total decay:

EXTERNAL EXPOSURE



• Activity in patient behaves as an unattenuated point source

• Inverse square law with distance is used

• Activity at the time of release equal to administered activity

• No biological elimination of radiopharmaceutical

• Conservative assumptions on the occupancy factor

ASSUMPTIONS USED IN THE ESTIMATION

𝐷 ∞ =
1.44𝛤𝑄0𝑇𝑝𝐸

𝑟2
𝐷 t =

1.44𝛤𝑄0𝑇𝑝 1 − 𝑒
− 𝑙𝑛2 𝑡

𝑇𝑝

𝑟2



Modifications, in order to avoid overestimations:

CALCULATIONS

• Use the remaining activity in patient (Qrem) instead of Q0
• Use the measured dose rate at 1 m from the patient ( ሶ𝐷) instead of ΓQ0
• Use the effective half-life (Teff ) instead of Tp
• Use a personalized occupancy factor, E , adjusted to each patient’s status

ESTIMATE DOSE FROM EXTERNAL EXPOSURE

𝐷 ∞ =
1.44𝛤𝑄0𝑇𝑝𝐸

𝑟2
𝐷 t =

1.44𝛤𝑄0𝑇𝑝 1 − 𝑒
− 𝑙𝑛2 𝑡

𝑇𝑝

𝑟2



PROPOSED DOSE CONSTRAINTS



DISCHARGE OF A RADIONUCLIDE THERAPY PATIENT

There is a lack of harmonization among 

European countries about:

• Dose Constraints for public and medical 

exposure

• Patient discharge criteria

• Instructions and precautions (and their 

duration) after patient discharge

https://op.europa.eu/en/publication-detail/-/publication/f351ae09-

1a69-11f0-b1a3-01aa75ed71a1



DOSE CONSTRAINTS IN EUROPEAN COUNTRIES

https://op.europa.eu/en/publication-detail/-/publication/f351ae09-

1a69-11f0-b1a3-01aa75ed71a1



RELEASE CRITERIA IN EUROPEAN COUNTRIES

https://op.europa.eu/en/publication-detail/-/publication/f351ae09-

1a69-11f0-b1a3-01aa75ed71a1



GUIDELINES FOR I-131 THERAPY PATIENTS
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Lu-177-DOTATATE

• Patient discharge: 5-6 h p.a.

• Mean retained activity: 3 GBq

• 5-25 μSv/h (mean 15 μSv/h) @ 1m



Lu-177-DOTATATE



• Members of the public: 0.3 mSv per year

• Persons voluntarily taking care of patient (carers/comforters):

✓ 5 mSv per patient

• Family members, close relatives, friends:

✓ Adults < 60 years old: 3 mSv

✓ Adults > 60 years old: 15 mSv

✓ Children: 1 mSv per year

✓ Pregnant women (embryo): 1 mSv per year

DOSE CONSTRAINTS USED IN GREECE



I-131 THERAPY FOR HYPERTHYROIDISM

𝐷 ∞ =
1.44𝛤𝑄0𝑇𝑝𝐸

𝑟2
= 2.9 𝑚𝑆𝑣

•

•

•

•

•

𝛤 = 5.7 × 10−2 Τ𝜇𝑆𝑣 ∙ 𝑚2 𝑀𝐵𝑞 ∙ ℎ

𝑄0 = 740 𝑀𝐵𝑞

𝑇𝑝 = 192 ℎ

𝑟 = 1 𝑚

𝐸 = 0.25 𝐷 ∞ < 3 mSv (DC for adult family/friends)

𝐷 ∞ > 1 mSv (DC for children family members)

Instructions to avoid prolonged close contact, to 

sleep in a separate bed, to avoid any contact 

with children for a number of days



I-131 THERAPY FOR HYPERTHYROIDISM

How many days before close contact with children (𝐷 ∞ ≤ 1𝑚𝑆𝑣)? 

•

•

•

•

•

𝑇𝑝 = 192 ℎ

𝑟 = 1 𝑚

𝐸 = 0.25

𝐷 ∞ = 1000 𝜇𝑆𝑣 𝑄𝑟𝑒𝑚 =
𝐷 ∞ 𝑟2

1.44𝛤𝑇𝑝𝐸
= 253 MBq

Considering only the physical half-life, it takes 

12 days for the administered activity of 740 

MBq to decay to 253 MBq.

𝛤 = 5.7 × 10−2 Τ𝜇𝑆𝑣 ∙ 𝑚2 𝑀𝐵𝑞 ∙ ℎ



I-131 THERAPY FOR HYPERTHYROIDISM

How many days before close contact with children (𝐷 ∞ ≤ 1𝑚𝑆𝑣)? 

•

•

•

•

•

𝑄𝑟𝑒𝑚 =
𝐷 ∞ 𝑟2

1.44𝛤𝑇𝑒𝑓𝑓𝐸
= 338 MBq

Considering the effective half-life, it takes only 

7 days for the administered activity of 740 MBq 

to decay to 338 MBq.

𝑇𝑒𝑓𝑓 = 144 ℎ

𝑟 = 1 𝑚

𝐸 = 0.25

𝐷 ∞ = 1000 𝜇𝑆𝑣

𝛤 = 5.7 × 10−2 Τ𝜇𝑆𝑣 ∙ 𝑚2 𝑀𝐵𝑞 ∙ ℎ



I-131 THERAPY FOR HYPERTHYROIDISM

Patient administered with 740 

MBq of I-131 for hyperthyroidism 

treatment. Cumulative dose to 

adult co-workers, after patient 

staying off work for a number of 

days.

After that period: r=2m, E=0.33

considering Tp= 8 days

considering Teff= 6 days

Dose Constraint



PATIENT DISCHARGE CRITERIA: MAX DOSE RATE

I-131
HYPERTHYR

I-131
DTC

Lu-177
DOTATATE

Lu-177
PSMA

Tp (h) 192 192 159.5 159.5

ሶ𝐷𝑜𝑢𝑡 (μSv/h) (43.4) 40 43.4 (52.3) 50 (52.3) 50

Max dose rate @ 1 m from patient, for 𝐷 ∞ < 3 mSv (adult family)
Assume r=1 m, E=0.25, decay through physical half life only

Instructions to avoid prolonged close contact and to sleep alone.

Instructions to avoid any contact with children or pregnant women.



PATIENT DISCHARGE CRITERIA: MAX DOSE RATE

Max dose rate @ 1 m from patient, for 𝐷 ∞ < 3 mSv per year
Assume r=1 m, E=0.25, decay through effective half life

I-131
HYPERTHYR

I-131
DTC

Lu-177
DOTATATE*

Lu-177
PSMA**

Teff (h) 144 30 120 90

ሶ𝐷𝑜𝑢𝑡 (μSv/h) (43.4) 40 60 17.4 15.4

* 4 treatment cycles
** 6 treatment cycles



I-131
HYPERTHYR

I-131
DTC

Lu-177
DOTATATE

Lu-177
PSMA

Teff (h) 144 30 120 90

ሶ𝐷𝑜𝑢𝑡 (μSv/h) (43.4) 40 60 17.4 15.4

Days with no
contact

6 0 8 6

After that, assume r=1 m, E=0.25, decay through effective half life

Duration of no contact with children/pregnant women (< 1 mSv/year)

CONTACT WITH CHILDREN/PREGNANT WOMEN



DAYS OFF-WORK

I-131
HYPERTHYR

I-131
DTC

Lu-177
DOTATATE*

Lu-177
PSMA**

Teff (h) 144 30 120 90

ሶ𝐷𝑜𝑢𝑡 (μSv/h) (43.4) 40 60 17.4 15.4

Days off 
work

7 0 9 7

Number of days off-work (< 0.3 mSv/year). After that, assume for co-
workers r=2 m, E=0.33, decay through effective half life

* 4 treatment cycles
** 6 treatment cycles



MAX DURATION OF TRAVEL

I-131
HYPERTHYR

I-131
DTC

Lu-177
DOTATATE

Lu-177
PSMA

Teff (h) 144 30 120 90

ሶ𝐷𝑜𝑢𝑡 (μSv/h) (43.4) 40 60 17.4 15.4

Duration of 
travel

40 min 27 min 90 min 105 min

Max duration of travel (𝐷 t < 0.3 mSv). Assume r=0.3 m (bus, train)



Lu-177-DOTATATE, sample instructions



Lu-177-DOTATATE, sample instructions



Lu-177-DOTATATE

• Patient discharge: 24 h p.a.

• 2.4-19.5 μSv/h (mean 5.4) @ 1m

• Teff: 58 h (mean), 119 h (max)



Lu-177-DOTATATE



• Discharge policies and duration of restrictions vary widely.
• Harmonization of Dose constraints is required.
• Patient discharge, travel advice, instructions at home and their 

duration should be decided on an individual basis.
• Restrictions and instructions are not arbitrary, they arise from 

calculations, given certain (realistic/conservative) assumptions.
• Personal experience indicates that, most often, patients and 

relatives are already stressed because of radiation and tend to 
exaggerate on restrictions. We need not enhance this stress.

CONCLUSIONS



THANK
YOU!


	Διαφάνεια 1
	Διαφάνεια 2
	Διαφάνεια 3
	Διαφάνεια 4
	Διαφάνεια 5
	Διαφάνεια 6
	Διαφάνεια 7
	Διαφάνεια 8
	Διαφάνεια 9
	Διαφάνεια 10
	Διαφάνεια 11
	Διαφάνεια 12
	Διαφάνεια 13
	Διαφάνεια 14
	Διαφάνεια 15
	Διαφάνεια 16
	Διαφάνεια 17
	Διαφάνεια 18
	Διαφάνεια 19
	Διαφάνεια 20
	Διαφάνεια 21
	Διαφάνεια 22
	Διαφάνεια 23
	Διαφάνεια 24
	Διαφάνεια 25
	Διαφάνεια 26
	Διαφάνεια 27
	Διαφάνεια 28
	Διαφάνεια 29
	Διαφάνεια 30
	Διαφάνεια 31
	Διαφάνεια 32
	Διαφάνεια 33
	Διαφάνεια 34
	Διαφάνεια 35
	Διαφάνεια 36

