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Preparation for use of RPTs



➢ Key components:

• Radioactive Materials (RAM) license

• Personal protective equipment (PPE)

• Dose Calibrator QA

• Gamma Camera QA

• Auto-well counter QA

• Survey Meter QA

• Radioactive waste pipeline

Preparation for use of RPTs



➢ RAM license issued to an 

institution by agreement state 

or NRC

➢ Broad Scope License vs. 

Specific License

➢ Radiation Safety Committee

➢ (10 CFR 33.13)

➢ Radiation Safety Officer (RSO)

➢ Representative of management

➢ Persons trained in use of byproduct 

material

➢ Administrative power to control 

procurement, use, and authorized 

individuals
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➢ Personal protective equipment is often mandated 

by states for those working with unsealed sources

• Gloves

• Lab Coat

• Closed shoes

• Radiation dosimeters

➢ Some PPE is not mandated, but is helpful for 

abiding by regulations regarding personnel 

exposure

• Tongs/forceps for manipulation of high-activity 

sources

• Syringe shields, and other various shielded 

containers

Personal Protective Equipment



➢ 10 CFR 35.60 - Every dose administered to a patient must 

be assayed in a properly functioning (and calibrated) dose 

calibrator

➢ Should be accurate in the range of 10 µCi - 10 Ci of 99mTc

➢ Administered activities falling outside of ± 20% are 

considered a misadministration (±10% in some states)

➢ Consider NIST traceability of standard sources 

• 57Co, 137Cs, 60Co, 68Ge

➢ NRC Regs

• Geometry – At time of installation and major service

• Accuracy – Annually

• Constancy – Daily

• Linearity – Quarterly

Dose Calibrator QA



Auto-Well Counter QA

➢ Used for high-sensitivity counting of radioactive 

specimens such as blood, urine, or “wipes” 

from surveys of removable contamination 

➢ Wipe testing performed in accordance with 10 

CFR 35.315, <200 dpm/100cm2

➢ Quantitation of activity in blood often used for 

glomerular filtration rate (GFR) testing and 

marrow dosimetry for RPT

➢ Tests

➢ Chi-squared

➢ Energy resolution

➢ Efficiency

➢ Energy Calibration

➢ Background



➢ GM probes for detecting contamination or locating 

sources

➢ Ion chamber survey meters for measuring exposure 

rates, determining the need for shielding, performing 

release calculations

➢ NRC 10 CFR 35.61 – Survey meters must be 

calibrated annually to an accuracy of ±20% on two 

scales

• Note: regulations in CFR 34 and 36 (industrial radiography, 

and irradiators) are slightly different.

Survey Meter QA



➢ Activity enters your clinic

➢ There are four ways the activity can ‘leave’ your clinic:

1. Administer to a patient and send them home (subject to release criteria)

2. Wait for it to decay (subject to ‘decay in storage’ regulations)

3. Down the drain (subject to 10 CFR 20.2003)

4. You arrange for someone to come pick it up

➢ Decay in storage (10 CFR 35.92)

• Must have a half-life of <120 days

• Remove all patient-specific labeling

• Retain until indistinguishable from background

• Keep a record

➢ Disposal by release into sanitary sewerage (10 CFR 20.2003)

• Must be readily soluble or readily dispersible

• Quantity of release is regulated by NRC/Agreement State

Radioactive Waste Pipeline

IAEA-TECDOC-1183



Review of Radioisotopes



Increasing Clinical Relevance
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➢ [131I]NaI, 131I-MIBG, various investigational agents

➢ T1/2 = 8.03 d

➢ Beta decay, Eave=182 keV, 100%

➢ Gamma emission, E=365 keV, 82%

Extraneous emissions @ 636 keV (7%), 723 keV (2%)

➢ SPECT imaging with HE collimator

I-131

131I-MIBG



➢
177Lu-DOTATATE, 177Lu-PSMA-617, various investigational 

agents

➢ T1/2 = 6.65 d

➢ Beta decay, Eave=134 keV, 100%

➢ Gamma emission, E=208 keV, 10.4% and 113 keV, 6.2%

➢ SPECT Imaging with ME Collimator

➢ Long-lived impurity! 

➢ ~0.1% Lu-177m, t1/2: 160 d

➢ 200 mCi 177Lu comes with 200 µCi of 177mLu

➢ Not dosimetrically consequential, but cannot decay in storage

Lu-177

177Lu-DOTATATE



➢
90Y-microspheres, 90Y-DOTATOC, 

➢ T1/2 = 2.67 d

➢ Beta decay, Eave=934 MeV, 100%

➢ Positron emission, 36 per million decays

➢ No extraneous gamma emissions, therefore 

Bremsstrahlung spectrum can be used for 

SPECT imaging

➢ PET imaging provides superior quantitative 

capabilities, due to a lack of scatter correction in 

Bremsstrahlung SPECT reconstruction

➢ High-energy SPECT collimator and a narrow energy 

window provides the best quantitative performance, 

however sensitivity suffers

Y-90



Administration of RPTs: Where? How?



➢ Interventional Radiology suite (90Y-microspheres, intra-arterial PRRT)

➢ Standard infusion bay (177Lu-DOTATATE)

➢ Therapeutic infusion suites (concrete, steel- or Pb-lined rooms)

Where?



➢ Anyone who requires continued medical 

care

➢ High-dose [131I]NaI

➢
131I-MIBG

➢ Other 131I-based investigational agents

In-patient vs Out-patient

➢ Any 90Y treatment, unless post procedure 

recovery is needed

➢ Typical [131I]NaI administrations

➢
177Lu-DOTATATE

➢ [223Ra]RaCl2



➢ Radiation Workers

• 50 mSv/yr to whole body

• 5 mSv over entire pregnancy

➢ Members of the Public

• 1 mSv/yr to whole body

• 20 µSv in any one hour

• Up to 5 mSv/yr in certain cases

➢ Typical design goal

• 20 µSv/wk for uncontrolled spaces

• 100 µSv/wk for controlled spaces

Shielding Goals

(Free!) (Depends) (Expensive)



➢ 1.5 – 7.0 GBq of [131I]NaI commonly used for thyroid cancer patients

➢ Exposure rate constant for 131I = 59 µSv m2 / h GBq

➢ Calculation parameters:

• Goal: 20 µSv/wk to maximally exposed individual

• Assume no shielding and occupancy of 0.25

• Two patients per week

• Each patient receives 7.0 GBq

• Biological half-life of 15 h 

• Patient self-attenuation: 50%

➢ D = 11 meters (~36 ft) would be sufficient to meet the exposure criteria

Examples



Shielding (131I)



➢ 1.5 – 7.0 GBq of [131I]NaI commonly used for thyroid cancer patients

➢ Exposure rate constant for 131I = 59 µSv m2 / h GBq

➢ Calculation parameters:

• Goal: 20 µSv/wk to maximally exposed individual

• Assume 1” of Pb, (B = 0.0163)

• Occupancy of 0.25

• Two patients per week

• Each patient receives 7 GBq

• Biological half-life of 15 h 

• Patient self-attenuation: 50%

➢ D = 1.4 meters (~4.6 ft) would be sufficient to meet the exposure criteria

Examples



➢ 7.6 µSv m2 / h GBq

➢ TVL = 2.1 mm Pb

➢ 1 patient per week, no shielding, 7.4 GBq, 50% self-attenuation, 

0.25 occupancy, send patient home on the same day (8 hours of 

personnel exposure)

➢ 1.7 m (5.6 ft) sufficient to ensure < 20 µSv of personnel 

exposure.

➢ If you’re treating more patients, using higher levels of administered 

activity, or simply want to reduce exposure - mobile barriers can be 

used to provide about 1 TVL

Shielding (177Lu)



➢ Oral

➢ Intravenous

➢ Intraarterial

➢ Interstitial

How?



➢ Types of IV catheters

• Peripheral intravenous line (some risk of extravasation)

• Peripheral midline catheter (almost no risk of extravasation)

• Central Line (not used for RPT)

Intravenous Administration of RPT



➢ Extravasation can range from being a mild or severe 

complication depending on the volume and medicine 

administered. 

➢ With RPT, the risk is intrinsically high. 

➢ 5% of 177Lu-DOTATATE AA extravasated, dwelling in 10 cc of 

tissue for 24 hours delivers more than 100 Gy…

➢ Best practice:

• Attentive technologists

• Authorized user present and responsive to concerns of techs

• Flushing lines before and after administration RPT

• Consider midline catheter in challenging cases

• If possible, include the site of administration in post-treatment 

imaging. 

Risk of Extravasation







Imaging for Fixed Activity RPT Administration



➢ Safety!

➢ Post-treatment imaging is always performed following 90Y microsphere 

administration to confirm hepatic localization

➢ Detection of extravasation for IV-administered RPTs

➢ Normal organ dosimetry

• Required for pre-treatment 131I-MIBG planning

• Recommended for post-treatment 177Lu-DOTATATE safety analysis

Imaging for Fixed Activity-based Administration of RPTs: Why?



➢ Routine quality assurance of gamma cameras – TG177 and accrediting bodies

➢ Collimator and energy-window selection should be appropriate for the radioisotope

➢ Recommendations for quantitative SPECT imaging: MIRD 23, 24, 26

➢ Planar vs. SPECT/CT

• Patient’s performance status

• Quantitative accuracy

Imaging for Fixed Activity-based Administration of RPTs: How?



Release Criteria



When can you release a patient?



When can you release a patient? (Details)

➢ 10 CFR 35.75(b) – you must provide the 

patient with release instructions

➢ 10 CFR 35.75(c,d) – you must retain a 

record of the basis for authorizing the 

release and instructions provided to the 

patient (3 years minimum)

➢ Methods of release:

• Based on administered activity

• Based on exposure rate measurement

• Based on patient-specific calculations



Release criteria: Administered activity or Exposure Rate



Release criteria: Patient-specific calculation



Conclusions

➢ Recent RPT developments represent a significant step forward in terms of patient care

➢ Physics requirements for RPT programs resemble what has been needed for radioiodine 

therapy historically, however new radioisotopes and radiopharmaceuticals should be 

considered individually. 

➢ SPECT/CT-based quantitative imaging should play a role in all RPT programs, even those 

that are administered fixed levels of administered activity clinically. 



Thank you!

Questions: stephen-a-graves@uiowa.edu


