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Calibration and metrology
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Primary measurement methods

The Triple-to-Double Coincidence Ratio (TDCR) r
Liquid scintillation countin
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e Uncertainties are well characterized (<0.5%)




Physical characteristics of radionuclides and
calibration coefficients

A calibration coefficient is the coefficient used to convert the measured ionization chamber current to a nominal activity, form
femtoamperes (fA) up to microamperes (pA).

_IThe magnitude of a calibration coefficient depends upon the radionuclide: 22Na5, 32p 57Co, ¢’Ga, °8Ge/%8Ga, 8Sr, 20Y, 20Y (glass
microspheres), 2°Sr, ®*Mo, °™Tc, 123|, 125|, 131], 131| (capsules), 133Ba, 137Cs, 1>3Gd, >3Sm, 1%®Ho, 177Lu, 2°1TI, 223Ra ...

_IThe physical characteristics (energy, decay scheme, half-life):
_Therapy: a emitters: 223Ra; 213Bi; 211At; 22°Ac; 2%’Ac

_IPure B emitter: 32P; 2°Y; 83Sr (For radionuclides emitting only (or mostly) B particles, activity measurement is essentially based
on bremsstrahlung X-rays)

_ILow-energy: 123[; 12°|; 201T| (For radionuclides emitting a relatively high number of low energy X-rays calibration factors can
change significantly with the container)

_IPET imaging: '1C;18F; ®4Cu; %8Ga
_IThe ionization chamber (inner chamber wall thickness, gas pressure, chamber design, and operating voltage)
_IThe source geometry (container type, container wall thickness, source volume, and position of the container in the chamber)

_lAdditional components (lead shielding, the sample holder and the removable liner) could influence the measured current



Sealed sources for routine checks

Routine checks of radionuclide activity meters

need the use of long lived sources
e Range of photon energies
e Calibrated within 5% or less

e Range of activities

Isotope Ty E, (keV)
137Cs 30y 662
Co 271d | 122, 136
o 527y | 1173, 1332

3B4 10.55 y 35,81, 303 356

These sources allow for check of stability of the response, but they do not grant accuracy of the reading for isotopes

used in clinical practice.



On site measurements

Standard 3 ml syringe and the vial were used for measurement.




Secondary standards

MethOdS Calibrated by prima ry methOdS Acceptable calibration tolerances for reference and field
instruments
o . . .
G ul d ance on d 'a I setti ngs Parameter Reference Instrument Field Instrument
. . . Repeatability =0.5% (1sd.) =1% (1s.d.)
e Complete understanding of different variables that Ty G EeD (2% D %0 50)
Accuracy
affe ct measurement resu It (EffeCtS Of measurement High energy & gamma = 2% (range) to secondary | = 5% (range) to reference
geometry, pure B emitters) (> 100 keV) standard
Low energy & gamma = 5% (range) to secondary | = 10% (range) to reference
* Provides a method to transfer the standard to the (<100 keV) standard
user T L Seconday Sandard Radonseile Calbrtr
= ; ; Current (pA)
R(a::;;uc'(:?e “alibration Coefficient Cahbratlon faCtor= (P
P_;ZB ¢ 0.03;3"_ Activity (MBq)
Y-90 0.0721
TI-201 0.886
Tc-99m 1.240
Ga-67 1.565
1-123 1.721
I-131 4.073
I-131 (capsule) 4.053
In-111 4.129
F-18 10.39




Radionuclide activity calibrator

ACTIVITY CALIBRATOR SHOULD HAVE THE FOLLOWING
PHYSICAL CHARACTERISTICS:
Sensitive to energies (X-rays, y-rays and B particles
through bremsstrahlung), from ~ 50 keV and 2 MeV.

Cathode—

chamber

N\ Lead shieldi

e (Calibration for each radionuclide

* High count rate (deadtime)

* Linear response, from ~ 100 GBq to 0,1 MBq

e Stability

* Possibility to measure different geometry sourses
* Response time: 2-10 seconds

Radium-223 is predominantly an
a-emitter

t¥2 = 11.43 days

Of the total decay energy

* 95.3% emitted as o particles

* 3.6% emitted as  particles

+ 1.1% emitted as y or X-rays
Easily measured on standard
instruments

(dose calibrators / survey meters)




Source geometry and activity calibrator response

& Veenstra Instruments

I(h) = ionisation current at h cm from the bottom of the chamber.
1(0) = ionisation at the bottom of the chamber.
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Activity calibrator
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Figure 3.2. Comparison of DRL for bone imaging, Tc-99m phosphates and phosphonates.

RADIATION PROTECTION N°180, European commission report, 2014

Quality Choices

No

contamination

Good manufacturing practice, quality control and quality assurance are all
important

Dr. Maggie Cooper, Radiopharmaceutical chemistry of technetium




Quantification and cross validation

Cross-validation of radionuclide
» calibrator with 0Y SIR-Spheres
PET/CT’s calibration

Figure 3: Traditional method A
colibrates the scanner using the
dose colibrotor as reference source.

1 Measure the total
radionuclide activity in the syringe

using a dose calibrator.  Method A

2_Insert tracer information, includ-
patient weight ing the measured activity to the
(& height) processing software workstation.

v 3. Perform a regular system
scanner global ! scan using either a syringe or a
calibration factor net activity dedicated phantom with the

Y radionuclide dose of step 1

4. Insert the system sensitivity
in counts per second per unit of
activity measured in step 3.

S. Set up the patient and
perform the scan.

K. Baete, Traceable Quantification for 68Ga based PET/CT 6. Provide potient information and
compute estimated proportionol

counts per activity concentration
based on steps 1-5.

H. Levillain, Precision of pre-SIRT predictive dosimetry




Hormonisation of scanning equipment

.y Quantitative PET/CT @
- / Seeing the same thing the same way
| e » Usefulness depends on consistent subject data (time
R "N B and distance)
= * Persistent variability in results from PET/CT images
o (in addition to subject variability)

— Between clinical sites
* Activity calibration (injected or in phantom)
« Conversion of image intensity to activity
+ Protocols for acquisition, reconstruction, analysis
— Between scanners
« Conversion of image intensity to activity
 Different reconstruction algorithms
— Between scans
« Activity calibration (injected or in phantom)
« Conversion of image intensity to activity

Calibration traceable to national standards for
more quantitative results in patient assessment, drug
development, and treatment planning

Lisa R. Karam Chief, lonizing Radiation Division National
Institute of Standards and Technology




The results of the intercomparison obtained in 2016 and 2019
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The results of the intercomparison obtained in 2016 and 2019




Intercomparison of radionuclide calibrators used in the main Lithuanian
hospitals with the secondary standard ionization chamber

Radionuclide and geometry

Deviation (%)

137Cs (P6) 8,3
123) (p6) 3,0
9mTe (P6) 14,8
99mTc (syringe) 12,1
57Co (Stick) 1,3
22Na (Stick) 4,2
18F (P6) 8,9
18F (syringe) 4,8
1311 (P6) 1,9
1311 (capsule) 5,8
223Ra (P6) 1,3




International recommendations

The performance of activity meters must be assured through a quality assurance programme
conforming to intemational, European or national standards (NPL (2006); EC (1997)). The
suspension levels are given in Table 3-1 for each critical parameter together with the type of
criterion used and a reference to a recommended test method.

A o Nuclear Medicine Physics
IAEA Safety Standards A Handbook for Teachers and Students IAEA Safety Standards T By s
rr Table 3-1 Suspension Levels for Activity Meters
= Physical Level Type omm
- ions

The Selection, Use, Calibration, Accuracy >5% NPL (2006) A
and Quality Assurance L X Lo . Linearity >5% NPL (2006) A

of Radionuclide Calibrators Radiation Protection and Radiation Protection and System reproducibilty | > 1% NPL (2006) A

Used in Nuclear Medicine

Safety of Radiation Sources:
International Basic

The suspension levels given in Table 3-1 are for instruments used for the measurement of

Safety in Medical Uses
e H H the activity of gamma emitting sources with energies above 100keV. If these instruments are
o of lonizing Radiation Calrated to measure soopes emiing ow gamma ay eneries (beon 100 V) o eta o

Report of AAPM Task Group 181
= < Safety Standards r— —— alpha emitting sources (Siegel et al. (2004)) special measures need to be taken in order to
June 2012 GOOD PRACTICE GUIDE overcome vial and geometry dependent readings. This could be achieved e.g. by measuring
Sokdly sponsoned by &) o @'\ @ a calibrated source in various vials and geometries for setting up individual calibration
B SRCRAER: B thies i oA oy 05} h 4 factors. In these cases the suspension levels in Table 3-1 probably cannot be met. If the
iR Q N ( S instrument is suspected of malfunctioning a test with a relevant source needs to be carried
DISCLAMER: This s basea = & { g o £ 5 :
T g; @ &.). @13) A %,s ngr (\j out to confirm the suspicion using the values in Table 3-1 (EANM (2008)).

D.L. Bailey
JL. Humm

—— General Safety Requirements Part 3 Specific Safety Guide Equipment shall comply with the
o Sn N i poakcaton hos No. GSR Part 3 No. SSG-46

set requirements or Criteria for
Acceptability of Medical
Radiological Equipment used in
Diagnostic Radiology, Nuclear
Medicine and  Radiotherapy
(RP162)

© 2012y Amarican Associon of Prysiciss i Madicne

IAEA

termaicast Atomic Enarsy Agency

IAEA

Interaationsi Asemic Enrgy Agancy

4.185. The administered activity should be verified by means of an activity
meter (dose calibrator) or other suitable device to ensure that the total activity
does not deviate significantly from the prescribed administered activity (e.g.
<5% deviation), and the measured value should be recorded. Corrections should
be calculated for residual activity in the syringe, cups, tubing, inline filter or other
materials used in the administration.




World practice

Physica Medica 45 (2018) 134-142
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Intercomparison of *™Tc, '®F and ' 'In activity measurements with
radionuclide calibrators in Belgian hospitals
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This study presents current status nl performance of radiopharmaceutical activity measurements using radio-
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ABSTRACT

Keywords:
Nacear medicine
Radomucixde

Radionucide cabrator in Belgium. exercise was pe among 15 hospitals t0 test the ac-
Radioactvity acy of T, 1% and 'in zthy ‘measurements by means of radionuclde calibrators. Four sessions were
Galibration el In diffcrent gogapbical regions between Deseber 2013 and Febrary 2015, Th dta st inciude
xl':;‘:‘m‘_ yielding 36 calibrations for *Tc nd "' In, and 21 o 1%, For
Radiopharmacautcal 2 30m)

syringe. The intal activity was typically 100 MBq for **®Tc, 15MBq for *in and 115 MBq for **. The re-

Quality contral
ference value for the massic activity of the radioactive solutions was determined by means of primary and
secondary techniques at logy laboratory of the JRC.

The overall results of the ! for ™™Te and °F, sin
librators (> Nevertheless,
the activity by 10-20% Conversely, in messrements e strongly affected by source geometry effects and
e accuracy of the measurements, in particular for the syringe sample. Large
overestimations (up to 72%) were observed, even when taking into account the comrections and uncertainties
supplied by the manufacturers for container effects. The results of this exercise encourage the hospitals to
per o improve of their devices where needed.
1. Introduction to keep the doses “aslow as reasonably achievable”. Articles 55, 56 and

Nuclear medicine is an invalusble tool for diagnostic and ther-
apeutic purposes. The most widely used radionuclide is °brc, ac-
counting for i 80% of all nuclear medici

and about 90% of those used for diagnostic purposes. In 2008, the
world total number of procedures performed with “**Tc was estimated
to range between 25 and 30 million annually, with 6-7 million of them
taking place in Europe [1]. Other frequently used radionuclides for
nuclear medicine in Europe are '*F, 'TI, "1, '*'1, “Ga and ''in (2]
and increasing interest in s for targeted

60 of the Ewopean Council Directive 2013/59/EURATOM on the
principles of justification and optimization of medical exposures imply
proper calibration of all sources giving rise to medical expasure [41.
After all, the use of diagnostic reference levels and the study of dose-
effect relationships in therapeutic nuclear medicine procedures depend
on the accuracy of the measurement of the activity to be administered.
“There is also an increased interest in quantification of SPECT and PET
images for pre-therapeutic dosimetry of radionuclide therapy. This re-
quires cross-calibation of measurement device (e, gamma camerss,

gamma counter) and a traceability chain.

Purpose: Reliable quantification of radioactivity in nuclear medicine is becaming increasingly important in
various therapeutic applications requiring a high accuracy of nuclear medicine ing equipment, suich as
radionuclide calibrators. In this study the accuracy of four different radionuclide calibrators was assessed for
"Te, "'in, *Ga and *F for measurement geometries clinically used.
Methods: Syringes and vials were prepared with a reference acdvity using a stock salution of which the actvity
concentration was determined using gamma-ray spectroscopy. The accuracy of four different radionudlide ca-
ibeator ISOMED 2010, CRC25R, mparing the
measured activity to the reference activity.
Resubs: Deviations in measured activity from reference values were found up to 12.5%. 32.0% 20.0% and
126% for “*Tc, '''1n, “‘Ga and '*F, respectively. For “*Ga all radicncelide ¢ oE o
estimated the activity by 10-20% For "'In, largs

in pas
ystems wee found up 1 11.8%, 444% 14.% and 7% for **Tc, "ln, “Ga and ", respectivey. When
comparing similar syringe types of different brands filled with identical stock solution volume, deviations up o
1.8%, 5.9%, 10.2% and 3.2% were found for ***Tc, 'In, **Ga and '*F.
Gonclusion Subsaatial deviations in messured sctviy were found for ol edionuclides ad mdiomuclde cali-
beators, which
of o il of toimchi all

DOSE CALIBRATORS QUALITY CONTROLS IN SWITZERLAND:
SIX YEARS OF EXPERIENCE

Frangois Bochud [1], Philippe Spring [1], Damian Twerenbold [2], Reto Linder [3], Fritz
Leibundgut [4] and Sébastien Baechler [1]

[1] Institut de 1 Grand-Pré 1, CH-1007 Lausanne,
Switzerland

[2] METAS, Lindenweg 50, CH-3003 Bern-Wabern, Switzerland

31 fur Abteil CH-3003 Bern,

[4] Raditec radiation & 3, CH-5040

Abstract

In Switzerland, the legal use of open radioactive sources in nuclear medicine and the general
requirements for quality controls are defined in a federal ordinance. The metrological
traceability is guaranteed through a directive of the Swiss metrological office (METAS) that
requires each instrument to be momlored at least once a year through either a verification or an

The onsite by an v with a set of
three gamma sources (Co-57, Cs- 137 and Co-60) and — if applicable — a beta source (S1-90/Y~
90). The 1s made through mail. A source of I-131 or Tc-99m is
measured both in the nuclear medicine and in an y. The
maximum tolerated error is 10% for gamma sources and 20% for beta sources. This

that the have a correct response for most of the energy
range used in practice. Not all nuclides are systematically probed and manufacturers are
for the factors. The precision of the measurements performed

in Switzerland is satisfactory with only about 6% of the measurements out of the tolerances
This monitoring also allowed us to improve the skills of the personnel and update the park of
instruments by getting rid of dose calibrators displaying old units.

1. Introduction

Measuring the activity of radiopharmaceuticals before patient injection is an essential
monitoring procedure in nuclear medicine [Wastiel 7005] Together with the producer’s
surveillance of the radioactive isotope (test for purity) and the labeling (test for

radiochemical purity), it guarantees a safe use of radiopharmaceuticals in nuclear medicine.
Activity measurement in nuclear medicine departments is therefore part of good laboratory

FIRST RESULTS OF CHECKING THE PERFORMANCE OF DOSE
CALIBRATORS IN MEDICAL UNITS IN BULGARIA
Milena Dimcheva!, Peter Trindev?

ISBALOZ, Sofia, *QC consultant GAMMACHECK

Abstract

The dose calibrators are essenfial instruments in nuclear medicine units to determine the
activity of radiopharmaceutical to be administered to the patient. Inappropriate performance
of these equipment may compromise the diagnosis. According to the National regulations the
following parameters are subject of quality control: background. linearity. reproducibility.
accuracy. The aim of this survey was to check the performance of all 26 dose calibrators in the
country. The accuracy tests were carried out using one certified reference source %7Cs (662 keV)
with trade mark LB 165. The results of the accuracy test show deviations from the expected value
in a wide range —20.5 % to +21 %, Only 6 of all 26 dose calibrators meet the requirement of + 5%
deviation of acctracy.

Key words: dose calibrator, quality control, survey




Conclusions

The appropriate quality management programme, traceability of measurements (reference
instrument calibrated against standardised reference sources traceable to the National Metrological
Institute) are necessary to ensure the accuracy of the administrated patient dose.

Correct measurement of administrated activity is important for imaging, patient dose optimisation,
setting the local diagnostic reference levels, administration of beta-ray emitters and for measurement

of activity for quantitative imaging in molecular radiotherapy (activity-time integral within the
defined volume).
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