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Competencies

Given here is a list of the competencies specifithe Nuclear Medicine placement
and which sections they are covered in this poafol

Competency Relevant sections
NM 1.1 1.1,3.1,32

NM 1.2 11,1.2,21,2.2,2.3,3.1,32,6.1
NM 1.3 4.1,4.2

NM 1.4 4.1

NM 1.5 2.1,2.2,2.3

NM 1.6 6.2

NM 1.7 5.1,5.2,6.2

NM 2.1 1.1,1.2,42,43,6.1,7.2

NM 2.2 1.1,1.2

NM 2.3 3.1,51,52,6.2,7.1

NM 2.4 9

NM 2.5 7.1,7.3

NM 2.6 8

NM 2.7 8




Department Overview

The Nuclear Medicine department at this hospitapst into two main sections.
These are the Imaging section, which is situateithenoutpatient clinic area, and the
Laboratory section located in medical physics, Whis responsible for all non-
imaging studies and therapeutic procedures usisgaled radionuclides. The other
main department interaction for Nuclear Medicing¢his Radiopharmacy department,
which supplies thé°™Tc and other radioisotope labelled tracers andsiraguired by
the department on a daily basis. The departmetafsis multi-disciplinary, including
consultant clinicians, nurses, medical technicdicerfs, physicists and secretarial
staff.

The Imaging section operates three gamma cameaagly the GE ™ Millennium,
Philips™ Axis and GE ™ Maxxus. The first is a smdleaded camera, whilst the
other two are both dual headed systems. The Axggesy possesses two Barium
sources used to perform attenuation correctionntdges. The range of imaging
studies carried out on these cameras on a regakis Includes renal scans, bone
scans, myocardial perfusion imaging studies and \MAQ scans, as well as less
frequent studies such as HMPAO brain imaging, ladelhite cell studies and para-
thyroid imaging. The duration of a study dependghmntype of study. Renal scans
usually take 20 minutes whilst a solid stomach wtadn last up to 2 hours. The
predominant study type carried out by the departngethe bone study. In fact the
department periodically runs an out-of-hours serfar bone studies on two cameras
for an evening. The aim of this clinic is to redweaiting times for this study. The
weekly load can be variable but in a typical weled $tudy schedule may consist of
180 studies including around 49 bone studies, 2§ M/Q studies (both parts), 17
myocardial perfusion stress studies (10 rest),i@fdys studies & 11 GFR injections.
This workload along with servicing requirements, @St schedule and occasional
faults experienced by the camera system (tempgpregihoving them from regular
use) means that non-clinical access to the equipmem be difficult at times. In
addition to these imaging studies.

Imaging technicians in Nuclear medicine do not wiead aprons as are worn by
technicians in radiology because of the differemeceenergies of the radiation
concerned. X-rays used in radiology have enerdieproximately 70 keV while the
gamma rays from’™Tc are 140 keV. The aprons would need to contain times the
thickness of lead to afford the same level of prtod@. The weight of this amount of
lead makes lead aprons in nuclear medicine immactl echnicians therefore rely on
principles of time and distance in limiting thekp®sures from patients as radioactive
sources. The principle of shielding is very impottehowever, for sources in vials
and syringes.

The Laboratory section carries out the non-imaginglies such a¥C urea breath
testing for Helicobacter pylori and Glomerular Ftion Rate tests, as well as being
involved with %%y, Thyrotoxicosis and Thyroid Ablation targeted iadiclide
therapies. These are administered in departmetdgsnak to Nuclear medicine as well
as within the imaging section itself. with any sadesptaken being analysed in the
laboratory section. The typical annual workload ftnis section includes
approximately 400 urea breath tests, 600 GFR imgagins 30 blood volumes,



The laboratory section runs a twin crystal counti®g gamma well counters and one
beta counter, as well as a number of dose calitsraitne section is also responsible
for ordering nor®™Tc radioisotopes and management of the entire tedspi
radioactive waste in accordance with the Radioacdiubstances Act 1993.

The Nuclear Medicine department also liases withRadiation Physics department
when necessary, such as during the preparatiorowfcas for transport to NPL
mentioned in section 7.2 of this portfolio.



1. Quality Control

Quality control tests are carried out on the camgyatems, radionuclide dose
calibrators and sample counters in the Nuclear Meédidepartment at a range of
frequencies. A sample of the tests that | have rebdeand carried out is detailed
below. The exception to this is tH&' sensitivity calibration of the Axis camera
system. While this is part of the quality contralrreed out in the department it has
been included in section 6 of this portfolio. Adaiially, quality control tests

concerning radiopharmaceuticals have been discusséddr the Radiopharmacy in
section 4 of this portfolio.

1.1 Gamma Camera Quality Control

Daily Uniformity floods

During my placement in the Nuclear Medicine deparitnl carried out the gamma
camera daily floods for a week, setting up the casi@nd sources, acquiring the
necessary images and reviewing the results undesupervision of a physicist.

The gamma camera detectors’ uniformity is checlath enorning before the imaging
workload commences. The specific procedure is digr@non the system being
checked but all work on a similar principle. For @fstems in the Nuclear Medicine
department the daily floods are performed withdet ¢ollimators in place. The result
is a measure of the intrinsic detector uniformity gpposed to that of the system
uniformity. A 20 MBq source supplied by radiophaoyais positioned at least

5xFFOV (full field of view) from the detector alorige central axis perpendicular to
the detector face. The iso-surface is a spherlal but the camera only occupies a
small fraction of this shell allowing for the apghmation at large separations of the
iso-surface as a flat surface with respect to #tedor (fig 1.1.1).

5 x FFOV

< »
<« »

Detector

Source :

Fig 1.1.1. Schematic diagram of source set up

The GE Millennium camera system has the capacifyetform these floods using a
bipod holder, which positions the source aboveddmmera with the detector facing
upwards. In this set up the source is much clasénd detector so the iso-surface has
a greater degree of curvature. The system applieathematical correction to the
counts detected to account for the geometry otiface and detector. However, this
method is not adopted by the department due tavéight of the bipod, which makes
it unreasonable as a daily method from a healthsafety point of view.

An image of the source at 5xFFOV is then acquiredrd0 Mcts and the image
uniformity analysed. Assuming a uniform flux of ident photons on the detector, the
counts received by the camera per pixel shoulddmstant across the detector face.



This analysis comprises integral and differentialfarmity values of the CFOV
(central field of view) and FFOV.
Integral Uniformity is defined as “...a measure of tlifference between the
maximum and minimum counts per pixel in the imade'The differential uniformity
is a measure of the worst contrast calculated &s &f columns and rows of 5
adjacent pixels in the image.

Eqn 1.1% Integral Uniformity = (Giax— Cnin) X 100%
(Cnax + Cmin)

Differential Uniformity = (H — L)x 100%
(H+1L)

In this equation Gax and Gyin are the maximum and minimum pixel counts in the
image, and H and L are the highest and lowest migahts from in the 5-pixel set
with maximum difference in counts between two psxel

The central field of view may be defined as an anetne centre of the detector that
has dimensions that are 70% of those of the FF@Nough other definitions exist.

The integral and differential uniformity values ansidered to be acceptable, for the
Philips Axis system, if they are below 3.5 % & 2tbrespectively for the FFOV and
25 % & 2.0 % respectively for the CFOV. The unifily acceptance limits are
higher for the FFOV due to edge effects. The PMitkiwthe CFOV are surrounded
by other PMTs, which contribute the acquisitiontloé signal for pixels within that
area. PMTs around the outer edge of the FFOV ot#meera head are only partially
surrounded. By not having the assistance of thétiaddl PMTs, the uniformity in
this region can be slightly more variable. Highfarmity values would render the
gamma camera diagnostically unusable as falsenkesiay be induced on a normal
scan or true lesions may be masked by the non+umifesponse of the camera. If the
integral or differential uniformity were outsideeih respective limits for the CFOV or
FFOV then the camera status would be evaluatedgbysicist. This may lead to the
camera’s removal from normal use until a reasorassertained and the fault
corrected.

System Uniformity

System uniformity tests are performed on a moniblalgis. The test is performed with
the collimator in place. A’Co flood sheet is placed in contact with the cadlior and
an image is acquired (Millennium ~26Mcts, Axis avidxxus ~99Mcts). For the dual
headed systems the flood sheet is laid on one Wwghdhe other head directly above
it and both images are acquired simultaneously. t€sts are started at the end of a
working day and left running over night. The images then analysed in the same
way as the daily floods. While it may be considemsale technically correct to use a
9Mre flood phantom, as this is the most frequentlgdussotope, these phantoms
require mixing. The process of drawing up th&Tc source, injecting it into the
phantom and mixing results in a higher staff dose @se of staff time. They are more
likely to be inhomogeneous, if not mixed proper{Co is used as a compromise
between accurate representation, radiation proteetnd efficient use of staff time.



Centre of Rotation (Weekly)

The centre of rotation QC test is performed weekhy a 3 week rotation basis
between the 3 camera systems. The Axis cameransyses a different method to the
Millennium and Maxxus systems. The latter two us&0aMBq syringe of ~0.02 ml
pertechnetate as provided by the radiopharmacy.syhage is attached to a metre
rule, which is fixed to the couch in order to pmsitthe source in the centre of the
field of view axially and vertically, but off cemtrlaterally. The metre rule is used to
allow the source to overhang the couch. This iminimise any attenuation of the
source when imaged by the detector heads when kdel®wource. The Axis system
uses a jig with three wells, which are loaded frarsyringe containing 900 MBq of
99Mrc-pertechnate. Each well holds 1.5 ml and thesjitpaded with approximately
700 MBq of*™Tc-pertechnate, depending on concentration ofdhecs.

The system is then set to take images at 60 positwer 360 around the source. As
the camera moves around the source its positidheérx-axis, X, varies. Fig 1.1.2
shows the ideal variation of x with detector angde,The difference between this
ideal plot and the actual plot obtained gives thdgymance of the machine.

L.,

Fig 1.1.2 Schematic of sine curve of X co-ordinateation with @.

The software fits the function given in equatio th the actual curve.

Eqn 1.2 X = A+Bsin@© + ®) P!
Where:
A, B and® are constants.
© is the angle of the detector.
A is the location of the centre of rotation of ttemera.
B is the offset of the source from the centre.

The displacement of A from its expected positiorcadculated in millimetres and
recorded. If the displacement is greater than 1 themn the camera is removed from
use in SPECT imaging until adjustments can be n@aderrect the problem.

Shell Phantom

The Shell phantom contains a number of randomliridiged “wells” and “blocks”
employed to simulate “hot” and “cold” lesions. Thesre manifested as greater and
lesser depths of source along the axis perpenditukae surface of the detector. The
phantom is shown schematically below (fig 1.1.3).



Fig 1.1.3 Schematic diagram of the Shell phantoawaig hot and cold spots.

During quality assurance tests carried out during ptacement, the phantom was
filled with distilled water and a 100 MBq source®3FTc was added®™Tc is used in
most of the QC testing of the gamma cameras, &s tlhe most commonly used
isotope in imaging carried out by the cameras. Mhegure was shaken thoroughly to
ensure a uniform distribution. The phantom was timaaged by positioning the
camera head facing upward and placing the phantorth@ collimator (LEGP and
LEHR used in turn). The phantom was imaged withPEspex sheets, used to
represent scatter, in 2 different configurationsisTinvolved changing the number of
sheets above and below phantom. The phantom wagedrfar each collimator with
1 sheet below and then all 16 sheets below thetpimawith the remaining sheets
above the phantom in each case, for 1000 kcts. ldaples were made of the
acquired images, which were then viewed with atilghx to determine which were
the smallest observable hot and cold lesions ue@deh set of conditions. This
provided a qualitative measure of the resolutiothefsystem.

Contrast Phantom

This phantom was used to evaluate, qualitativélg, minimum contrast that can be
confidently observed by the gamma camera systera. pitantom is rectangular in
cross-section and contains ordered rows of blodkgaoying thickness and cross-
sectional area. The phantom is shown schematisalig 1.1.4. Again, the phantom
was filled with distilled water, a 100MBq source®dfTc was added and the mixture
was shaken thoroughly to ensure uniform distributibhe phantom was then imaged
in the same configurations as for the Shell phanfbhe lowest contrast observable
and the lowest contrast at which the smallest tegsras observed gave the absolute
minimum contrast and the minimum size dependentrasinfor the camera. The
images were acquired over 1000 kcts.
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Fig 1.1.4 Schematic diagram of contrast phantomashg variation in cross-section
and thickness in profiles along A and B.

Bar and Anger

The Quadrant Bar and Anger Pie phantom tests aabtajive resolution tests. The
Bar phantom is a circular lead phantom divided ihteections. These sections are
transparent to gamma rays. The sections contathdaes of 4 different widths. The
width of the bars within a quadrant is constant tredbars are separate by distances
equal to bar width. The Anger Pie phantom is autaiclead phantom divided into 6
sections, each section containing holes of a giameter.

At This hospital, the set up depends upon the carfeing tested. All set-ups involve
positioning of the Bar or Pie phantom onto the detewithout the collimator in place
and irradiating it with a source placed at a diséaftom the detector, along its central
axis. A static image is acquired for a number airts. The aim is to collect 1000
kcts within the part of the image relating to thieaptom. The images are then
inspected. In each case, the section containingrnialest resolvable bar spacing or
hole size is determined. This gives a qualitatine &nd point resolution.

Parallel Line Equal Separation Phantom:

System Spatial Resolution & Linearity Testing Of Milennium Camera
During my placement | carried out the following &tyacontrol test, under the
supervision of another physicist, on the Millennigamma camera system. The
system spatial resolution of the gamma cameraariged out on an annual basis as
part of the department’s quality assurance programhest uses a PLES (Parallel
Line Equal Space) phantom. This phantom consistarefglass capillary tubes held
at equal separations in a 30 cm x 30 cm Perspexefrdhe bores of the capillary
tubes are 30 cm long, ~0.5 mm in diameter and twegitres are separated by 60 mm.

The phantom was prepared by filling the capillaviéth *°™TcO; injected from a 2 ml
syringe via a 25 gauge needle. The source was AD-MBq in 1.2 ml in a 2 ml
syringe. Once filled, the capillary tubes were sdaht each end with Blutak. The
activity, date and time were noted on the phantbhe total activity in the phantom
was 100MBg. This information was not used in anyhef calculations in the test but
was noted to inform others that the phantom wasedCapillary filling was carried
out over two drip trays (one at either end) in cafsany spills or leaks. Gloves were
monitored at the end of each fill to check for apylls due to handling of the syringe
while injecting and changed immediately if they evéound to be “hot”. At this point
the phantom contained five uniform line sourcesfalet air bubbles were discovered
in two of the capillary tubes upon imaging but tlegions containing liquid source
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were in themselves uniform. The camera was setitipthe camera facing upward

and the LEGP (low energy general purpose) collimatgplace. The phantom was

imaged with the line sources orientated along tagig and then the y-axis with 0 cm
Perspex sheets below and 6 cm on top of the phamteoages were acquired for 3000
kcts using a 512 x 512 matrix. The phantom was tiheeged again with 2.4 cm

below and 3.6 cm above in each orientation. 6 mok tbheets of Perspex were used.
The Perspex is needed to simulate different amoohtscatter experienced by

photons originating at different depths within ai@at. The LEGP collimator was

then changed for the LEHR collimator and the phanbmaged in both orientations

with both Perspex configurations. The result wasdges for each collimator.

Using the imaging software regions of interest (®Qlan be taken perpendicularly
across each of the lines on the image to produmeuat profile across the line like
that shown in fig 1.1.5 The full width at half menam (FWHM) is deemed to be the
width of the profile and was calculated manuallgnfrthe profile data for 4 points
along the first line of the phantom for LEGP and lenergy high resolution (LEHR)
collimators in place using the method describedignl.1.5 The system’s software
can also be used to calculate the FWHM of a lina iagion of interest automatically.
This capacity was used to obtain the FWHM from #hsoover 31 pixels on each line
in the phantom in both orientations, in both of therspex scatter configurations,
using both collimators. The width of each profiledjion was necessary to obtain a
minimum of 10000 counts in the peak pixel. The FWKalues from the 4 ROIs for
each line were averaged to give the mean FWHMHerline under each condition.
The software also gives the pixel location of tkatce of the peak in each ROI. The
plotting this data against the location of the RaDld applying a linear fit to the
resulting plot allows the evaluation of the linéaf these centroids. Assuming that
the line sources themselves are straight, theffhe linear fit gives a measure of the
linearity of the system. These sets of data arenzanised in tables 1.1.1 & 1.1.2.
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Table 1.2.1. FWHM and centroid linearity corretatidata for LEGP collimator.

Phantom . Mean Line Mean
Orientation No. of Sheets Line FWHM Phantom CLC*
FWHM
X 0 1 5.06 1.00
X 0 2 4.86 1.00
X 0 3 4.69 0.03
X 0 4 4,78 0.78
X 0 5 4,98 4.87 0.99
X 4 1 6.19 1.00
X 4 2 6.00 0.49
X 4 3 6.04 0.02
X 4 4 5.96 0.06
X 4 5 6.12 6.06 0.51
Y 0 1 5.04 0.99
Y 0 2 4.86 1.00
Y 0 3 452 0.98
Y 0 4 4.77 0.99
Y 0 5 5.02 4.84 1.00
Y 4 1 6.19 0.99
Y 4 2 5.97 0.99
Y 4 3 6.04 0.99
Y 4 4 5.98 0.99
Y 4 5 6.19 6.07 1.00

*Centroid Linearity Correlation

Table 1.1.2. FWHM and centroid linearity correlatidata for LEHR collimator.

Phant Mean Li Mean
Oriea:lr'lac'[)izln No. of Sheets Line i?/\r;Hl\l/lne Phantom CLC*
FWHM
X 0 1 4.47 0.99
X 0 2 418 0.99
X 0 3 3.84 0.97
X 0 4 413 0.98
X 0 5 4.35 419 1.00
X 4 1 5.21 1.00
X 4 2 4.96 0.99
X 4 3 4.79 0.11
X 4 4 5.04 0.99
X 4 5 5.19 5.04 1.00
Y 0 1 4.44 0.45
Y 0 2 4.25 0.34
Y 0 3 4.04 0.74
Y 0 4 4.20 0.93
Y 0 5 441 4.27 0.24
Y 4 1 5.19 0.99
Y 4 2 5.04 0.70
Y 4 3 4,73 0.55
Y 4 4 4.98 0.97
Y 4 5 5.23 5.03 0.99

*Centroid Linearity Correlation
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Fig 1.1.5 Shows profile no. 2 of first line of pkam orientated along x-axis with O-
sheets below phantom using LEGP collimator.

The mean FWHM for line 1 was calculated manuallyod¥l pixels for LEGP and
4.37 pixels for LEHR orientated along the x-axighM® sheets below the phantom.
These correspond to values of 5.06 and 4.47 pirsfsectively from the software.

The mean FWHMs of the system were converted to nsmguthe mean line
separation in mm (manual measurement) and pixelm(above data) for LEGP and
LEHR collimators as shown in tables 1.1.3 & 1.kdpectively.

Axis | Perspex | MLS (pixel) |[MLS (mm)| mm/pixel |FWHM (pixel) |FWHM (mm)
Y 0 52.75 60 1.14 4.87 5.54
Y 4 52.77 60 1.14 6.06 6.89
X 0 52.76 60 1.14 4.84 5.51
X 4 52.71 60 1.14 6.07 6.91

Table 1.1.3 LEGP FWHM (mm). MLS — Mean Line Separat

Axis | Perspex | MLS (pixel) |MLS (mm)| mm/pixel |FWHM (pixel) | FWHM (mm)
Y 0 52.74 60 1.14 4.19 4.77
Y 4 52.70 60 1.14 5.04 5.73
X 0 52.99 60 1.13 4.27 4.83
X 4 53.00 60 1.13 5.03 5.70

Table 1.1.4 LEHR FWHM (mm). MLS — Mean Line Separat

Note that here that “Axis” refers to the systemoheson coordinates not the
orientation of the lines in the phantom. X-axielorientations give Y-axis FWHMSs.
The values given in tables 1.1.3 & 1.1.4 correspmnthe system resolution in each
axis under the specified conditions.
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Conclusions

Firstty FWHM values for both sets of results weeers to increase with increased
thickness of Perspex below the phantom. Increas®#i¥ translates to decreased
resolution of the system in this configuration. e due to scatter of the photons by
this medium between the phantom and collimator.

Secondly smaller FWHM values were observed withltBelR collimator than with
the LEGP collimator. Although this means this culitor gives a higher resolution it
is at the expense of sensitivity of the system.hHegsolution collimators use longer
and/or narrower holes than low-resolution collinmatorhis narrows the acceptance
angle of incident photons to the cameras Nal detaexystal. It also means that fewer
photons reach the detector to produce the imagse.l@&ds to a lower signal-to-noise
ratio. Therefore to achieve the same quality of gena higher activity dose is
required. In the interests of dose optimisationMER 2000, see section 8) LEHR
collimators are only used when high-resolution iesagre necessary for the study.

The wide range in Rvalues for trend lines fitted to the centroid wsrsegion plots
was noted. This was brought to the attention of ghpervising physicists in the
Nuclear Medicine department and suggested thagxperiment be repeated in order
to check the validity of these results.

14



1.2 Calibrator linearity test

The calibrators in the nuclear medicine departmplaty a vital role in the
department’s adherence to the regulations of IRRIE)00 by determining the doses
administered to patients. Without adequate qualiytrol of the calibrators patients
could receive a dose that is in excess of thatiredjfor the procedure or that is
insufficient to yield diagnostically useful informian. The patient would receive a
dose that was not optimised for the study, as requinder IR(ME)R2000.

The calibrators must have a linear response teites of a radionuclide measured.
Linearity tests are carried out fot"Tc on an annual basis. During my placement in
the nuclear medicine department | performed a tiheaheck upon one of the
laboratory section’s calibrators. The test is basadthe comparison of measured
activities of a single source with calculated atfiwalues by radioactive decay
correction over time.

A 4 GBg source was ordered from the radiopharmatsrenced to 9.00 a.m. on the
Monday of the week of the test. The source wasectdl and measured in the
calibrator 3 times and a note made of the timedatd. Further sets of measurements
were made at various times throughout the courddisfand the following 4 days,
each time noting the date and time of measureniéietsource was kept in a lead pot
and manipulated with tongs when measured in thiereédr. When not in use it was
stored behind a lead shield in a fume cupboard.

The activity of a radioactive source can be givgnthie equation 1.3 the expected
activities could be calculated for each measurertueet

Eqn 1.3 At) = Ae™
Where: A = initial activity
A =1In2/Ty,
T,, = Half-life of nuclide
t =time
Rearranging equation X.1:
Egn 1.4 In A(t) =-At+In A,

A plot of the natural log of A(t) versus time shddde linear. In this way, plotting the
natural log of the measured A(t) values againsetand assessing its correlation to a
linear fit will yield a measure of the linearity tife calibrator.

The calibrators may give activity measurements #rat not equal to the expected
activity while still having a linear response. Tigsa proportional response drift. This
may be accounted for by comparing the logs of nrealsand calculated activities and
assessing the percentage difference between theatwitnes of measurement. A
proportional response drift would be corrected miyria Secondary Standard
Calibration, in which the dose calibrator is refered to the primary standard at NPL
(section 7.3)

15



Results

| The graph shown in figure 1.2.1 shows that thearsg of the calibrator was found
to be linear. Comparison with the expected datavedca mean percentage difference
of 0.29 % and a maximum of 0.53 %. (Note thesebased of the moduli of the
calculated percentage differences)

Calibrator Linearity Check

A

10

30 40 a0 60 70 a0 a0
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Ln {A)

y=-012%+ 140
R?=1.00

tthrs)

Fig 1.2.1 Plot of In A(t) versus time showing lingaof calibrator.

Errors

The error associated with each activity measuremesde using the radionuclide
calibrator is +29%8%. As each activity was taken from the mean of timeasurements
the error then becomes, £1.2 %. By calculatingniiagimum and minimum values of
A(t) and taking their natural logs, the absolutees for each value In A(t) could be
found. These absolute errors found to be +0.02&oh value.

Conclusion

The calibrator’s response is sufficiently lineaeothe range of activities used within
the department.
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2. Imaging

During my placement in nuclear medicine | obsertieel preparation of patients,

acquisition of images and reporting sessions fdiepts undergoing a range of
imaging studies. In addition | also had the oppatiuto carry out the image

acquisition procedure (not including tracer adntmaison) for several bone scan
patients under the supervision of a technicians Ticluded brief explanation of the

procedure to the patient, positioning of the patemd set up of the camera system,
commencement of the acquisition itself and contgumof the camera head to the
profile of the patient. (Note that contouring isrfpemed during acquisition on the

Maxxus system (on the fly) and prior to acquisition the Axis system). The

following describes three of the imaging study s/pbserved.

2.1 BoneScans

Introduction and Background

Bone scans are generally a planar imaging techrtitatemaps osteoblastic function
throughout the skeletal system. Studies carriecab@his hospital us&™Tc-labelled
methylene diphosphonat&®{Tc-MDP), which is incorporated into the bone matrix
by osteoblasts in bone. MDP binds to calcium hydamatite (Cay(POs)s(OH)y),
which is used by osteoblasts with collagen in fdiamaof bone matri¥*. Areas of
uptake on a bone image therefore indirectly remiteaeeas of osteoblastic activity in
the skeleton and blood flow.

Osteoblastic function goes on throughout healthyebolncreased osteoblastic
activity, as compared to the normal adult, caneafism a number of causes. Normal
bone growth in children is seen in the growth @atethe ends of the long bones. It is
necessary for a reporter to be aware of this. &szé activity is also seen following
trauma to the bones such as breaks or fracturegelaas in degenerative disease and
in the sites containing bone tumours. In each esé¢hcases increased uptake results
from the process of bone repair. The reporter ntoshpare the normal patterns
against the patterns acquired to look for abnoumpédke from these causes.

It is important to note that nuclear medicine b&gans do not image the tumour
directly but rather the effect that their presehas. A tumour within a bone can have
destructive effect on the material surrounding cidusing increased osteoblastic
activity in an area enveloping the tumour. The atlvge of nuclear medicine bone
scans is this increased osteoblastic function escatiran early stage in the disease.
This allows the presence of a tumour (usually aastasis) to be detected by the
function of the metastasis itself before it carsben structurally using other imaging
modalities such as x-ray or CT. The disadvantageieher, is that while bone scans
have a high sensitivity they have a low specificity

As already mentioned, increased osteoblastic &gfivinot limited to the presence of
metastases, but a range of other causes. As & bbesid scans are used as one of a set
of investigations. They can be requested for dieteaif primary tumours, querying
prosthesis loosening or infection, diagnosis oédtibn related bone disease (blood
pool images), diagnosis and evaluation of degeiverdisease, as well as the staging
of cancer originating from known primary tumoursusimg metastases in bofé
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Interpretation of bone scans is based on patiestbityi and knowledge of typical
patterns of increased uptake. X-ray images mayequaired to further investigate the
cause of increased activity in the bone scan.

Scan procedure

The exact procedure depends upon the subject ointrestigation and the query
posed by the referrer, but all involve the injestiof 600 MB of *™Tc-MDP
followed by acquisition of static, anterior and f@ogr, planar images of the patient
over the area in question 3 hours post injectionthe majority of cases, the area
imaged is the whole of the skeleton, referred ta &8/hole Body Bone Scan”. The
length of the scan itself is dependent on the sfzarea to be scanned. If it is larger
than the area of the FOV then the patient is setitipthe upper limit of the area near
the top of the camera. The length of the area albegxis of the patient is measured
and entered into the control computer. The comphtam moves the patient under the
camera at a given rate while acquiring the imagesting over the superior and
inferior limits of the area for a period of time alow sufficient data to be acquired
from these regions. All bone scans use LEHR coliimsga Static images are acquired
using 256 x 256 imaging matrix while whole body bascans use a 256 x 1024
matrix.

Referrers can request a “Triple phase” bone scamthdse types of study the static
images taken at 3 hours post injection are terrhed‘static’ phase of a bone scan
study. The other two phases are the dynamic (@mwa9 and blood pool phases. For
dynamic phase the patient is positioned with théqudar area of interest (e.g. ankles,
pelvis, wrists, etc.) between the camera headsd(iat headed system) prior to tracer
administration. A sequence of images is then taltehs intervals over a specific area
of interest, starting as the tracer is injected.isTBequence illustrates the
vascularisation of the area by observation of tbe Df tracer in its first two minutes
of passage through the blood stream. The numbienagfes in this sequence depends
on the particular area involved. This is followeg the blood pool phase after
approximately 5 minutes. Here a single set of imafle anterior, 1 posterior) is
acquired for 3 minutes or 1000 kcts (which everesched first), demonstrating the
degree (if any) of blood pooling in the area byaskation of the accumulation of
tracer within this area. As incorporation into timatrix by osteoblasts takes much
longer than the time frame between injection arabdblpool image acquisition, any
increased tracer retention within an area in thesges is due to blood pooling. The
addition of the other two phases does not affeetattivity administered, but only
increases the number of scans performed. An adwulé Iscan therefore has a fixed
effective dose of 3 mSV.

The patient is requested to attempt bladder emgtyist prior to the scan, as tracer
that is filtered by the kidneys will accumulatetive bladder. This would appear on a
scan as a large focus of tracer, which could owdtie pelvis masking any true

defects. The patient is also asked to drink man@l$l as this promotes soft tissue
clearance of the tracer. The result of this is ¢ordase the background counts from
soft tissue in the images, thus increasing theasignnoise ratio.

' The administered activity and effective dose qaatee for adult patients and are scaled according t
the Administration of Radioactive Substances Adwis€Gommittee (ARSAC) scale for paediatric
patients (age < 18 yrs) according to weight.
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Interpretation and Artefacts

The standard approach to interpreting bone scams igsok for areas of abnormal
uptake and then compare with the immediate suriogritssue and the same site on
the opposite side of the midline. If an area oféased uptake is mirrored bilaterally
then it is likely to be a normal variant. This acnts for normal bone growth but is
not an answer in itself and additional factors niestonsidered. High spot uptakes in
the joints may be due to degenerative diseases Wery important to have a
sufficiently detailed relevant patient history pFes when reporting to allow the
consideration of all possible causes and the esitran of unlikely causes based on
known patient information. As has already been eatggl, care needs to be taken
when interpreting and reporting bone scans noetmisled by normal bone function
and artefacts. The most common artefact observedne scans is the appearance of
foci of increased tracer uptake over the lower.riile these can appear to be the
result of metastatic cancer they are often foungetaue to the superposition of tracer
in the kidneys, which underlie the ribs. If theikgys are seen to underlie the ribs the
clinician may decide to dismiss these foci (basadewaluation of the rest of the
image). If he or she is unsure as to whether tediis are the cause of these foci, and
the patient is still present, a drop kidney imageyrbe performed. In this situation the
patient is re-imaged in the region of the kidneyslst sitting upright. The kidneys
are pulled downwards by gravity away from the ©ghge. If the foci are still present
in the ribs on the drop kidney then they are rebkwise they are artefactual and
may be ignored. Another factor in artefact produtis the geometry of the patient’s
positioning during acquisition. A rotation of thatgnt about the axis from the true
supine position can induce areas of marked inccetiaeer uptake in the iliac bone of
the raised side in comparison to that of the logide. This apparent difference is
caused by the fact that the upper iliac bone iphbirdloser to the head of the camera.
A simple check method for this type of artefactoistudy the position of the sternum
in relation to the thoracic spine. In the true sepposition the sternum should overlie
the thoracic spine.

Three patient cases are given below which giveessmt three distinctly different

conditions seen in bone scans. They also show grachples of features, which can
lead to misinterpretation.
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Case 1Study Image 1

A twelve-year-old female patient presented withnpai the left fibula for three weeks
and a palpable mass in the same location. An Xofdiie area showed a destructive
lesion. The patient was referred to the nuclearionesl department for a bone scan to
determine whether this was a primary bone tumatial observation of the bone
scan images in study image 1 show increased uptaltee ends of the long bones,
pelvis and nasal cavity. If viewed without refererio the patient details supplied, it
could be considered that this patient showed itidica of extensive degenerative or
metastatic disease. However this pattern of trapeake is within normal limit for a
patient of this age, who is still growing. The @&t of interest in these images is the
ellipsoid of increased tracer uptake in the lowalf lof the left fibula. An area of
increased uptake in the tibiae of a physically vactpatient could possibly be
explained by shin splints or stress fractures, h@wéhese do not occur in the fibulae.
The lack of history of trauma leads to the remanaonclusion that the lesion is
probably a primary tumour. The most common chiladhbone tumours are primary
tumours and leukaemia. Secondary tumours are \aey which, with the fact that
uptake throughout the rest of the skeleton is nbrmdes out the possibility of
metastatic disease.
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Case 2Study Image 2

An eighty four year old female patient presentethwmarked pelvic pain, which

was aggravated by movement and relieved by rotafibe patient had a long-
standing history of rheumatoid arthritis and a fajears previously. Plain films

showed no abnormalities. The patient was referoecafbone scan to query the
presence of fractures. Increased tracer uptakeobserved in the left elbow, both
wrists, both hands and the right knee as well akerboth sacral-iliac (Sl) joints,

both superior pubic rami and the sacrum itself. [gfhhncreased uptake in the SI
joints can be indicative of metastatic disease sthultaneous involvement of the
sacrum with the Sl joints and the pubic rami gimasuptake pattern that is typical
of osteoprotic insufficiency fractures. The pattesh the SI and sacrum is
characteristic of this condition and has (on actaidrits shape) been nick-named
by some clinicians as the “Honda sign” for its damty to the insignia used by

the car company. The other features describedypreat of degenerative disease
in those sites, which is in keeping with the patieistory. It is also interesting to

compare the normal joints in the images from tlaggmt with those of the patient
in case 1. From this comparison the importance atfept information is even

more evident when it is considered that these qaaii joints are normal in spite
of the obvious differences between the uptake pette
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Case 3Study Image 3

This case is particularly interesting as it demiss that what cannot be seen is
sometimes more important than what can be sees.pEtient was referred for a bone
scan to query the presence and extent of bony tastssfrom a known prostate
cancer. Initial inspection of the images shows beia@us areas of increased tracer
uptake, which would lead to the conclusion that gsban is normal. However if the
image is inspected more closely it is apparent tiiatong bones, skull and kidneys
cannot be seen. All of these structures are uspadigent on bone scans. Their absent
indicates that the signal from the visible skelefine axial and proximal ends of the
long bones) was so high that in order to view thké@laskeleton properly, the
technician processing the images needed to setwthdowing (intensity scale)
sufficiently low, as to result in the loss of tHaul etc. from the images. This means
that far from being normal, the entire axial skefetlemonstrates a large increased
tracer uptake. This type of scan is termed a “Sgaer’ and indicates extensive
disseminated metastatic disease throughout thd gkmleton. In this case not
considering what was not present in the image cbaltke resulted in a gross under
reporting of the patient’s condition.

Note on image display

Nuclear Medicine studies produce digital imagessEhare arrays of pixels that make
up maps of count numbers. The imaging software leggsip tables to assign colour
or intensity values from a scale to each pixel Oase that pixel's count value. The
most commonly applied scale is from black to whiteough different intensities of
grey. Each scale can incorporate 256 differentwdiaensity scale values.
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The human eye is not capable of distinguishing iy different shades of grey. It
is useful to set different upper and lower countigs of the scale when applying it to
the image. Any pixels with values outside of thdigeits will be assigned the
minimum or maximum scale value appropriately. Tdision extends the number of
colour scale values applicable to the count rargfevden the limits. Therefore any
small differences in count rate will have a great@our scale difference, making it
more visibly noticeable. This process is calleddewing and can affect images and
their interpretation.

It is important to note that whilst the colour/ingity scale can be linear with respect
to pixel counts, it may be otherwise. A high degodespecificity between count
values in the lower regions may not be necessheyetore a non-linear scale may be
used which only applies a small increase in colotansity over large count increases
in this range. This leaves a larger selection @fllesvalues that can be applied to
pixels in the count range of interest.
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2.2 Myocardial Perfusion Imaging (with Tetrofosmin)
Observed preparation, imaging, image processingepuaiting.

Introduction

Myocardial perfusion imaging (MPI) at this hospitial routinely carried out as a
tomographic technique used for imaging and evaigatine blood supply to the left
ventricle of the heart at rest and stress. It camdged diagnostically to determine the
likelihood of the presence of coronary artery désem patients with chest pain or as
an evaluation tool for patients with known coronprgblems.

MPIs are used in relation to suspected coronargrarstenosis (coronary artery
disease) to evaluate patients with abnormal exerceadmill test results. Patients
exhibiting reversible ischaemia are then candid&esangiography to locate the
vessel causing the problem. For patients who haca @ stenosis diagnosed by
angiography, MPI investigations can be used to shwther the stenosis has had
any effect on myocardial blood flow.

Additionally, a patient with a known history of heaisease scheduled to undergo
surgery may have a myocardial perfusion scan peddrto evaluate the condition of
the myocardium. If the patient has significant areainducible ischaemia then they
are at risk of suffering further myocardial infaott. It is interesting to note, however,
that a patient with extensive infarcted tissue tmtinducible ischaemia has a lower
risk of myocardial infarction than a patient witbrmal, healthy myocardial tissue.

Patient preparation for stressed imaging

The normal procedure in the department is to &s#t the patient to state their name,
address and date of birth. This helps to ensureirttaging and administrations are
carried out on the correct patients. The patiertisight, weight and chest
measurements are then taken along with their bjmedsure and heart rate. The
patient is injected with dipyridamole, followed 4mates later with 400 MBq of™Tc
labelled Tetrofosmin. The dipyridamole is a vasaidit. Dilation of the vessels causes
the patients blood pressure to fall. The body redpoby increasing the rate and
strength of the heart’s contractions to raise th@wod pressure. In this way the
dipyridamole is a substitute for exercise to indsttess conditions in the heart.

Principles of Imaging

Tetrofosmin is taken up by the myocardium (amomglser organs) from the blood.

For myocardium to take up the tracer it must habéoad supply. The acquisition of

a tomographic image (SPECT) of tracer distributiberefore indicates the level of
perfusion of the tissue and hence status of blagaplyg to tissues throughout the
heart. The nature of SPECT imaging allows the ttatse reconstructed in orthogonal
planes defined by the user during post-image psaegsEach of the major walls of
the left ventricle are visible in two of the plarsnmarised in the table in fig. 2.2.1.
Acquisition of perfusion scans in states of strassl rest allow the clinician to

compare the myocardial blood supply in these stad@sas of reduced up take
(perfusion defects) that appear at stress but argomesent at rest are indicative of
inducible ischaemia. A basic system of analysirgithages is given in a flow chart
in fig. 2.2.2 below.
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There are a few key points to remember when reppiinese images. Firstly any
possible defects should be confirmed on slicesvim planes. Secondly, it is easy to
“‘over—report” myocardial perfusion images, true edt$ should be quickly
observable. Some clinicians believe that a studyulshtake no longer than 30
seconds to be inspected by an experienced nucédrology clinician. The third
important consideration is that of the contributioh attenuation to a study. The
attenuation of gamma rays from any one locatiothhéssame at stress and rest for a
single patient provided that set-ups for the twanscare consistent. In this way the
patient is his or her own control. Therefore anffedences between stress and rest
perfusion images are not artefacts of differenoesttenuation, however, fixed defects
must be considered carefully. Reduced uptake omthagor or anterior walls that are
matched in rest and stress images may not be dundatation of the tissue in that
region, but may be due to attenuation of the gamaga by the patient themselves.
Inferior wall attenuation is a factor in male pat&ewho may have thick diaphragms
while anterior wall attenuation is a particular sequence for female patients with
large breasts. This hospital also use chest bisdimgninimise the attenuation in such
patients by flattening the breast tissue. As altélsa photons have to travel through
less tissue before leaving the patient.

Some gamma camera systems have the capacity tmrrpembn-uniform attenuation
correction (NUAC). At This hospital this involvebet acquisition of images using
external barium **Ba, half-life 10years) sources with the patientpiosition and
without the patient. The software then performsubtmsction to determine the
attenuation coefficients of the patient at eachation on each image and applies a
correction to the image. It should be noted thatghactice at This hospital is not to
report Tetrofosmin studies from the attenuatiomexied images alone. These tend to
be used to evaluate fixed inferior and anterior wafects in the appropriate patients.
This is because attenuation correction has beewrkrno induce artificial defects or
mask true defects in other areas (see fig 2.2.8A0lis currently only available on
one of this hospital’s Nuclear Medicine departmeigadmma cameras. An alternative
method for assessing whether a fixed inferior waflect is a non-uniform attenuation
artefact, where attenuation correction is not aéd, is to acquire an additional set of
rest images with the patient lying prone on thecbo his causes the patient’'s heart
to move so that the inferior wall moves away frdra tiaphragm. If the fixed defect
seen in the supine images remains in the proneeas#gen the defect is real and
tissue is probably infarcted. If it is not presenthese images then the defect is an
attenuation artefact and may be ignored. This nekikoreliant on sufficient free
camera time being available to acquire the prorages.
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Short Axis Vertical Long Axis Horizontal Long

Axis
Anterior ) Apex

Wall Anterior

Wall Base
Lateral Lateral
Sept
Septum wall eptu wall
. Apex Inferior
Inferior Wall Base
Wall

Fig 2.2.1 Structures viewed in the three planes agfiyocardial perfusion SPECT
scan.

The images in fig. 2.2.3 show an inferior wall dgfe'he study in this case only has
stress images, it is not known whether this datefiked or not but has been assumed
as such for the purposes of demonstration. Theruggteof images are the normal
stress images and the lower set show the non-omifattenuation and scatter
correction images. The inferior wall defect in natrstress image is not present on
the attenuation-corrected images (V Long Axis Fm22-24 in STRESS and NUAC,
STRESS sequences). At the same time defects tapeluced onto the anterior wall
in the NUAC images that are not present in the tmected images (frames 21-23).
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Fig. 2.2.2 Flow chart of image interpretation of megardial perfusion study

Area of reduced
uptake observed o
Stress image”?

Yes

Recall for
Rest image

Normal/healthy. No
rest image required

Has area showing
defect at stress
improved at res

Reversible defect.

Inducible ishaemia

Fixed defec

No
Probable Infarcted
Myocardium

Is defect on
inferior or
anterior wall?

Check Attenuation
corrected image if
available & patient fits
probable attenuation
criteria*

Defect not
reser .
prese Attenuation
Artefact. Norma

Defect
preser

Probable Infarcted
Myocardiun

*Attenuation artefacts more likely in, but not exsive to large male / large-breasted female patient
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2.3 Lung Ventilation/Perfusion Imaging

V/Q scans are used in the diagnosis of Pulmonaripdiiem (PE). PE is a physical
condition in which a blood clot, usually originagifrom deep vein thrombosis (DVT)
in the lower limbs, becomes lodged in a branchrofdery in the lungs, cutting off
the blood supply to a section of the lung. PE, idgdosed early enough, can be
treated with anti-coagulants, which help to brepkhe clot and more importantly to
prevent future PE events. This can occur natumalfatients without treatment, but if
the clot is not broken down, the affected areahefling can become damaged and
eventually infarcted.

Ventilation Agent

The development of high repeatability in particieesproduction, desirable half-life
and good retention in the lungs has led Techrfegasbecome used in the many
departments.

The department at this hospital uses Techriegahich is a system that prepares a
mixture of **™Tc labelled carbon particles in an argon gas in $tages. In the first
stage a°™Tc-pertechnetate dose is simmered in a crucible fw hundred °C to
evaporate the water, leaving drigd'Tc. The second stage heats the df€tic to
approximately 2501C in pure argon to produce small, soffid"Tc labelled carbon
particles’®. These particles are deposited in the alveoleofisns of the lungs, which
are ventilated. Isotope distribution in the imagesjuired therefore show poorly
ventilated areas of the lungs as areas of reduttedty It has been observed that the
clearance rate of Techne§asom the lungs is very close to that of the phgsitecay

of the®*™Tc itself!”).

Both perfusion and ventilation scans use the lowrgn general purpose (LEGP)
collimators.

Ventilation Scan Details

The Techneg&sgenerator is loaded with 400 MBq Bf"Tc-pertechnetate, which is
then heated to produce TechnégaBhe patient is positioned sitting upright on the
couch, in front of the camera. The patient is adketreathe through a mouthpiece
and tubing, maintaining a seal around it with tHgis. The gas outlet tube of the
generator is connected to the mouthpiece tubinggad dose is released into the
breathing apparatus and the patient is asked t dafteep breath and hold it for 3
seconds. The dose is halted during the breath HAdid. patient is then asked to
breathe in and out 5 times through the mouth pi€bese five breaths are carried out
to clear any residual Techne§afrom the mouthpiece and prevent unnecessary
contamination of the room when the patient remdkesnouthpiece. This delivery is
repeated until the count rate of the camera reatltes 2 kcts/sec. The patient then
lies supine while the camera acquires images fOrk&s at angles of approximately
0°, -45, 45, -135, 135 and 180 about the patient to obtain the anterior, righe&
anterior oblique, right & left posterior oblique caposterior views. On dual headed
systems, the camera heads can acquire opposing giewltaneously, reducing the
acquisition time.
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Perfusion Scans

Perfusion scans carried out in this hospital usgatmavenous injection of 100 MBq of
9mre-Macroaggregated Albumin (MAA). The particlestins tracer are cleared from
the blood on their first passage through the pubmprarterial circulation. The
mechanism of their retention is a purely physiaa.oThe particles are too large to
pass through the arterioles in the lungs and umderigroembolizatiod®. This first
pass clearance means that tracer retention is prapal to blood flow and therefore
can be used to assess blood supply to the arethe ddings. The patient is injected
then placed supine on the couch and images takidre atame orientations as for the
ventilation scans up to 500 Kcts.

Interpretation

PE is typically represented on V/Q scans as a tlefethe perfusion images, which is
not matched on the ventilation images. A matchefg@aiecan be indicative of an
infarcted area of the lung. This is not always¢hse though and the appearance of a
true PE event is dependent of the time delay betwe® event occurring and the time
of acquisition. It should be remembered that V/@nschave a high sensitivity for PE
but low specificity. A defect in the images can wcdrom other causes such as
pulmonary effusion. It is the practice of the depent to request the patient’s chest
x-ray with all V/Q scan requests. PE does not apmpeaa chest x-ray, and an
abnormality that appears on the x-ray will mostbatadly cause an abnormal V/Q
scan. A V/Q scan on a patient with an abnormal tckkeay could therefore be non-
diagnostic as it might not be possible to distispuivhether the abnormal V/Q was
due to a true PE event or the due to the caudeedfttest x-ray abnormality.

The effective doses of the two parts of a V/Q saam 0.6 mSv and 1 mSv for
ventilation and perfusion respectivél. The practitioner must therefore have all
relevant information before deciding whether or ile¢ scan is justifiable. The
reporter must also have this information availdbtehis/her interpretation of the scan
to be valid.

There are four levels of reporting for V/Q scankeTirst is “normal” meaning there
is no evidence of PE in the images. The other theegls are in terms of probability
of the presence of PE and these are “low”, “intafiae” and “high”.

One pattern constituting a “high” probability reparcludes multiple defects on the
perfusion scan that are not matched on the vaontlacan, accompanied with a clear
chest x-ray. An example of such a set of ventiraind perfusion images are shown
in fig 2.3.1 and fig 2.3.2.
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Fig 2.3.1 Lung Ventilation Image

Fig 2.3.2 Lung Perfusion Image showing multipleedef not matched Ventilation
image




3. Laboratory Section

The laboratory section of the Nuclear Medicine depant is responsible for the
ordering and storage radioactive material, the afiap of radioactive waste,
performing non-imaging diagnostic studies and adstening radionuclide therapies.
Two of the most common non-imaging studies have loescribed below.

3.1*C-Urea Breath Test (BTU)

The BTU is a test performed to detect the presehéeelicobacter pylori (H. pylori).
H. pylori is a bacterium sometimes found in the ouglining of the stomach. It is
not currently known how H. pylori is contracted lmmce in the stomach it survives
the acidic environment by secreting an enzyme dalleease that neutralises the
surrounding acid. This defence allows the bacterfiameach the protective mucous
lining of the stomach, which it burrows into. Tk@svironment protects the H. pylori
from the gastric acids and the immune responséesvhite cells and T-cells have
difficulty in penetrating the mucous lining. Thecberium is thought to be the cause
of some peptic ulcers. It weakens the mucous limithgwing gastric acids to come
into contact with and irritate the lining of thestach. Irritation is also caused by the
bacterium itself. This irritation causes an ul@edévelop on the lining.

Part of H. pylori's defence mechanism involves ¢baversion of urea into ammonia
by secreted urease according to the equation §ideh below.

Egqn 3.1.1
CO(NH), + H +2H,0 > HCQ + 2NH,"
urec ureast

The bicarbonate circulates in the bloodstream arichnsported to the lungs where is
expelled in the form of carbon dioxide. This protie of carbon dioxide is the basis
of the BTU.

Test details

The pharmaceutical is made up usingid of *“C-labelled urea, 100 mg of non-
radioactive urea (i.€°C-urea) and 8 ml of water in a 50 ml capacity, htanedicine
bottle. The activity of the dose administered i% k8Bq. The patient is fasted for at
least 12 hours before the test. They are then askdudush their teeth with water
before being given 200 ml of 2 % citric acid sadatiorally followed by the urea.
Bacteria in the mouth may cause an early peak ddCiH the test. If H. pylori is
present in the stomach, then the urea will be msE:'‘C-labelled carbon dioxide
(**C0,) will be produced, carried in the bloodstream aedexpelled in the patient’s
breath.

Twenty minutes after administration of the dosegh#ent is asked to blow out via a
mouthpiece through a solution of 2 ml thymolphtiraleand 2 ml of hyamine
hydroxide in a vial. Both are clear solutions inlagion and produce a blue colour
when mixed. The hyamine hydroxide captures the 2ohwh CGO, in the patient’s
breath. Sufficient C@will have been captured when the hyamine hydrokiae been
neutralised. The thymolphthalein is an indicatohicli changes from blue to clear
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when the pH of the solution is neutral. Therefdre ¢nd point of the test occurs when
the solution changes colour.

A second breath is collected 40 minutes after athtnation. A control breath test is
carried out prior to administration to account fwesence of naturally occurrift§C

in the breath. 10ml of scintillant is added to eathihe sample vials. The vials are
then placed in 8-sample counter and the counts per minute (CPMi@ueted along
with two backgrounds and two standards. The prograng in the counter then
applies corrections for counting efficiency due geometry, photomultiplier tube
(PMT) efficiency, quench etc. thus converting CPHhtt the counter sees to
disintegrations per minute (DPM) i.e. what the \atti in the sample is actually
believed to be. The counts are background correamtddexpressed as a percentage of
the administered dose applied to the following ¢éiqQuaegn 3.1.2).

Egn 3.1.2 (%Dose x Kg)/mmol GO

If the two post urea breaths show a significahtgher activity than the control then
it may be assumed thatCO, has been produced from th&C-labelled urea. This
indicates the presence of urease in the stomachhanefore implies the presence of
H. pylori. The test classification criteria are givin fig 3.1.1.

Test Classification Test result, X,

(Y%oKg/mmol)
Negative X<0.5
Equivocal 0.5<X<1.5
Positive X>1.5

Fig 3.1.1 BTU classification criteria

Examples of positive and negative results have besnded in figs. 3.1.2 and 3.1.3.

According to the National Institute for Diabeteddddigestive and Kidney Diseases
(NIDDK) the BTU has been found to be 96 — 98 % aatin the indication of H.
pylori being present.

In the case of a positive test patients will uguahdergo triple phase treatment. This
consists of 2 antibiotics and an acid suppressor.

The urea breath test, while useful, is not the ¢edy available for the detection of H.
pylori. It is in fact one of four tests, the othdrsing blood, stool and soft tissue test
biopsy.

Neither is the*)C breath test the only available labelled breash # similar test may
be carried out using®C-labelled urea instead. Being an isotope of carliowill
react, chemically, in the same way as tf@-labelled urea. The major difference
occurs in the analysis of the collected carbon idiexAs **C is non-radioactive it
cannot be detected using nuclear medicine methitglgelative abundance may,

33



however, be detected using a mass spectrometertddiiference in atomic mass to
12C) or by magnetic resonance spectroscopy (dueetdattt that°C has a spin of | =
Y). The'*C BTU is therefore a direct rival of théC BTU. While a**C BTU does not
present the radiation hazards of tf@ BTU, which would seem to make it the better
option of study in keeping with the legislation ceming radioactive studies (using
non-radioactive alternatives to where availablekéep patient exposure as low as
reasonably practicable) tHéC BTU is more the widely used method owing to the
higher availability of beta counters than mass spetetry equipment in hospitals.
The effective dose associated with #i& BTU is in fact very low at 0.02 mS¥,
which is equivalent to a few days natural backgtbufiC tests are also more
expensive than théC BTU.

Safety

The *C nucleus decays by low ener@yparticle emission. As these particles are
rapidly attenuated and unlikely to produce any ificant Bremsstrahlung radiation,
the medicine bottle containing the urea did notunegany lead shielding. Gloves
were still worn, however, as a precaution agaiostamination.
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Fig 3.1.2
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Fig 3.1.3
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3.2 Glomerular Filtration Rate (GFR) Measurement

Function of the kidneys

Blood enters the kidneys via the renal arteries Hmh passes to through the
segmental, arcuate and interlobular arteries beémtering the glomeruli via the
afferent arterioles. The glomerulus is a capillagt ending in the efferent arteriole
and is enveloped by Bowman’s capsule. The firgjestaf renal filtration occurs when
the blood passes through the glomeruli and tharadas filtered across the filtration
membranes of the structure into Bowman’s cap$tlleSubsequent stages of filtration
and re-absorption occur in the proximal and distélules and loop of Henle. The
term glomerular filtration rate (GFR) refers to t@ume of filtrate produced by the
glomeruli per minute. Normal adult GFR values aireeg later in equations 3.2.5 &
3.2.6.

The definition of what constitutes renal failureithwregard to GFR, varies greatly.
Some class any GFR below the normal (or expectatl)evas being renal failure.
What is more important is what represents a sicguifi failure. In this context a good
indicator is the point at which creatinine leveégin to rise, as a fall in renal function
will not ordinarily be noticed until this point. T occurs when the GFR falls by
approximately 40% of the normal. Renal physicidryever, will not usually begin
dialysis until a GFR of 25 ml/min is reached. Pattseundergoing chemotherapy will
have their GFR monitored more closely and theirnobtberapy doses will be
adjusted depending on the GFR. This is becausewa@BR results in a lower
clearance rate of the therapy drugs from the bétgse values are based on a patient
1.7 m in height and weighing 70 kg. GFR test rasuiiust be normalised to this
height and weight (details of this normalisatio® @iven later in this report). A
patient's GFR may be affected by a number of factocluding pregnancy, kidney
disease and blood glucose control in patients didbetes.

The test
A nuclear medicine test may be carried out to eatalthe GFR of a patient.

The GFR test at this hospital consists of intrausnadministration of'Cr labelled
ethylenediaminetetraacetic acid (EDTA) via a vemfldhis is accompanied by pre-
and post- injection flushes with saline. The predtion flush is carried out to ensure
that the venflon is correctly inserted and thattissuing of the radioisotope will
occur. The post-injection flush is to flush theidesl isotope out of the venflon so
that as much as the activity as possible is daivdp the patient. The maximum
activity used for a GFR test is 3 MBq for adultslas scaled according to weight for
patients under 18 years old.

A blood sample is then taken 2 hours post-injecéind 4 more at 45-minute intervals
thereafter. A reference and standard dose areedréat each batch ofCr labelled
EDTA and are used to produce a ratio to link thent® from the twin crystal to the
well counter counts. The twin crystal counter isaativity counter comprising two
Nal crystals, each coupled to a PMT. Selectionnafrgy thresholds and windows for
each crystal allows the counter to measure thevibes of two isotopes
simultaneously. If an isotope, other than the igetof interest, is present and emits
photons at a higher energy, these photons can gmdeompton scattering. In this
process the photons lose energy. If their energyitisin the threshold of acceptance
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for the isotope of interest when these photonsrenédent on the Nal crystal they can
cause erroneous counts for that isotope. The udealfthreshold measurement with
the twin crystal counter allows correction of treotope of interest's count for
contamination by these additional isotopes.

The use of a reference and standard gives a methcalculating what the count for
the dose in the well counter would have been atimdtration under the same
conditions. This is to enable the counts from thegles taken later to be expressed
as percentages of administered dose/ml. The referand standard are each similar
in activity and volume to the doses as a 2 ml @gtim a syringe. However, while the
reference is kept for the duration of the batchtsnoriginal form, the standard is
diluted to 250 ml with water. 4 ml is drawn up acmlnted with the samples. The
reference to standard ratio is measured upon treiation. Measurement of the
reference in the double crystal, followed divisiby the reference/standard ratio,
yields the count that would have been obtained ®asurement of the original
standard in the twin crystal counter at that tiMeasurement of the dose then allows
the user to find the standard/dose ratio. Wherthe aliquot of standard is measured
in the well counter, the counts for the total senddcan be calculated by dividing by 4
and multiplying by 250 (i.e. total volume of stard)a Having obtained the total
standard count, dividing by the standard to dose gives the well counter count for
the total administered dose. The sample countslelivby this calculated count and
the volume of the samples will give the samplesnt®as a percentage of the dose per
ml.

The GFR test and its calculations are based on agmpntal analysis, in which the
intra- and extravascular spaces are considered tadoconnected compartments. The
compartment configuration is given in fig. 3.2.1dve

Intravascular Fa Extravascular
—
Volume V| Volume Ve
Qi(t) D Qe(t)
Fs
I

lGFR
Figure 3.2.1

The following assumptions about this model are made
* Administration of tracer is into intravascular spa@s an instantaneous
bolus injection.
* Bolus is immediately uniformly mixed within the ravascular space.
* Fa=Fs (Fisflow rate).
* Tracer entering extravascular space from intradascspace is due to
diffusion gradient and is immediately uniformly ratk

The rate of change of tracer quantity within thdrawmascular space @/dt

comprises two components. These are defined bydiffigsion of tracer into the
extravascular space and by the glomerular filtratio
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The following equation (egn 3.2.1) shows how thesmmponents affect the
intravascular tracer concentratidd X

Eqgn 3.2.11 INC,(t)=InA +at+InA, +a,t

Where:
A, = effective initial concentration for diffusion egonent
ay = effective transfer rate for diffusion component

A, anda; are the same components for the glomerular fidlinatomponent.

The concentrations of the intra- and extravascsfaaces reach equilibrium and
diffusion components become negligible with timéeAthis point the rate of change
of concentration is solely due to glomerular fiitba (see Brochner-Mortensen
Correction below for expansion on this point).

The practice at this hospital is to allow 2 houesaAeen injection and the first sample
for this to occur. Therefore by measuring the traoamcentration of samples (via well
counter and use of dose/standard ratio) after dadilerium point for the majority of
patients and plotting In @) versus time a plot of the GFR component is iole@ in
which:

GFR

slope =a, =
eff
and

intercept = In A = In(Injecteddose(well counts)J

Veff

injecteddose(well count9

e(intercepo

Therefore: GFR = Slope*

This method is known as the “slope-intercept” mdtHor calculating GFR. The
calculated GFR is then normalised to that for aari{dard man”, assumed to have a
body surface area (BSA) of 1.73, by calculationthaf patient’s body surface area by
the Haycock formula given in equation 3.2.2. Thas lthanged recently from the
equation by DuBois and DuBdf<..

Eqn 3.2.2% BSA(r) = 0.024265*\->378H 03964
Where: S = body surface area {gm

W = weight (kg)

H = height (cm)

Therefore normalised patient GFR from slope-intgrecaethod is given by equation
3.2.3.
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Egn 3.2.3
GFReorr = GFRybsenedBSA/1.73

As °’Cr has a half-life of 28 days no correction foraleof samples is necessary.

Brochner-Mortensen Correction

Until recently, no correction was made for the fagponential component. The
equation therefore became a simple single-expaemtguation. However, the
guidelines produced by Flemireg al*?! in August 2004 show that the calculation of
GFR by ignoring the fast exponential componenthi@ above method leads to an
overestimation of the GFR. The GFR is more acclya®en by considering area
under the dual-exponential curve. As the analy$ia gingle-exponential curve is
considerably easier than that of a dual-exponemtige, the guidelines suggest
correcting the observed “slope-intercept’” GFR bynmalising to a BSA of 1.73Mm
and applying quadratic equation 3.2.4. This is ®mchner-Mortensen (BM)
correction.

Egn 3.2.4
GFRy or =10004* GFR,, — 0.00144GFR;, ,., )’

The guidelines also give the expected GFRs fontided man” patients aged 20 — 50
and 50 — 75 years as following equations 3.2.532®:

Eqgn 3.2.5: 20 — 50 years
GFR=116- 035a

Eqgn 3.2.6: 50 — 75 years
GFR=148-a

Where: a is the age of the patient in years.
The absolute value of the GFR is then given apglstre BSA correction in reverse.

A sample calculation of a GFR and a graph of thiatpdhave been included in Fig
3.2.2 and Fig 3.2.3.
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Fig. 3.2.2 Sample GFR calculation
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In (% dose per L)

Fig 3.2.3 GFR Plot

GFR: In(sample counts as % dose per litre) vs. time
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4. Radiopharmacy

The radiopharmacy supplies tf&'Tc used by the department. It also carries out the
preparation of all radio-labelled pharmaceuticaisether labelled witf°™Tc or other
externally supplied isotopes, used in the departm@nality control tests must be
carried out to ensure that radiopharmaceuticaldymed by the radiopharmacy are of
a quality suitable for administration to patientBhe general working of the
radiopharmacy and the quality control tests perémirare discussed below.

4.1 Radiopharmacy observation

Dispensing sessions are carried out by two menudfdate radiopharmacy staff. They
are termed Operator 1 and Operator 2. Operator rtksmeithin the aseptic suite,

making up the doses. Operator 2 works outside skpter suite, receiving the doses
from Operator 1 through a two-door hatch and raogrthe relevant information on

the injection box labels.

Operator 1 calculates the total activity of racabelled pharmaceutical required for a
particular type of imaging for the day, prior taenng the aseptic suite. An elution of
the Tc-generator is made. The elution vial is mesbun the calibrator and the
activity per millilitre is calculated. The requireédtal activities can then be drawn up
by volume and added to the pharmaceutical kitsefoech type of scan. These are
allowed to incubate of a period of time, again def@nt on the pharmaceutical in
guestion. MAG3 for kidneys scans is placed in adobavater bath to assist labelling
efficiency. Once incubated the radio-labelled plereutical is drawn up into
syringes for each scan. The syringe is measurethencalibrator, which decay
corrects the activity to the planned time of adsthation. Saline is used to make the
dose up to the correct volume. The dose is adjustegfuired, until the activity falls
within 90 — 100 % of the local dose reference I€LEIRL), (see section 7.1), for the
scan.

The syringe is kept in a lead pot apart from dummgnipulation (i.e. drawing up of
dose and transfer between the pot and the calipratben it is unshielded. Care is
therefore taken to minimise the duration of thesmipulations. Once Operator 1 is
satisfied that the dose is correct for the scais,placed into the hatch in the lead pot.
The type and time of the administration are catietl to Operator 2 along with the
activity at the time of measurement. Operator 2 tt@lects the syringe from the lead
pot, placing it into a syringe shield. It is placedo an injection box and the
corresponding label attached. The measured actanty time of measurement are
recorded on the injection box label and in the gpddarmacy’s own records. The
syringe boxes are transported by trolley to thegimg section in the morning before
imaging commences. The transport route is planmedss not to cross the main
concourse of the hospital or pass the canteen &l feve. This minimises any
exposure to the public and reduces the numberrsbpe that might walk through any
spills, spreading contamination, should they occur.

Whilst it was planned that | should carry out apam@tion of an active dose in the
Radiopharmacy during my placement, this was notsiptes due to the
radiopharmacy’s policy on preparation of dosesrhynees. | was, however able to
draw up a “cold” stannous dose in the radiopharmawer aseptic conditions, under
the supervision of a radiopharmacist.
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4.2 Eluate QC tests

Generator Function

The generator consists ®Mo (Molybdenum) absorbed onto an alumina column as
Mo0O,>. **Mo decays by decay to forn?°™Tc (87%) or’*Tc (12.5%).%°™Tc has a
half-life of 6 hours and decays by isomeric trdpsitto **Tc (half-life 2x1G years).
The **™Tc in the generator form®™TcO, (pertechnetate). During elusion of the
generator, NaCl is drawn through the generator dier alumina column. The
9MrcOy is replaced with Cl giving a solution of sodium pertechnetate’{¥aco,,
known as the eluate.

Two other major events that may also occur durimglasion aré®Mo breakthrough
and AP* breakthrough. Both of these affect image qualitg patient dose. Therefore
it is necessary for quality control tests to beiedrout on the eluate.

%Mo Breakthrough - Radionuclidic Purity

It is possible to hav&®Mo0,* exchanging with two Clions in during elusion of the
generator. The main effect of this is that Io0,* will be chemically different to
9MrcOs. A pharmaceutical labelled usifgMoO,> may therefore have different
uptake and retention characteristics to one lathaliging®*™cO,. The end result
would be a distribution of radionuclides in theigat in locations that are not of
diagnostic interest and therefore not construgiventributing to the study’’Mo
emits B~ particles (Rax 1.214 MeV) and gamma rays at 778 keV, 740 keV Est
keV . The B particles will not contribute to the image and Ivghly serve to
increase the effective dose to the patient. Onother hand, the gamma rays may
undergo Compton scattering, losing energy. If taega rays lose enough energy so
as to be within the energy acceptance limits ofgamma camera fot’"Tc when
they reach the detector, then these photons wilkd®n by the camera as’dTc
gamma ray and registered as a count. These coulhtsevwwe to raise background
count rate or may induce false radiopharmaceutaal A higher Mo content may
result from damage to the alumina column (e.chefdgenerator is dropped).

%Mo breakthrough tests are carried out for the fission of a generator and after
any movement of the generator. The test involvasipg the eluate, in its vial, into
the calibrator in a 6 mm thick lead pot. The atyivrising from®™™Tc in the eluate is
attenuated by a factor of £0Any activity measured can be assumed to be fftvio
impurities as these higher energy photons are midre.measured activity must be
multiplied by a calibration factor (obtained frolmetmanufacturer of the lead pot) to
give the true®®Mo activity. This is because the gamma rays from@o will be
partially attenuated. The activity of the eluatehen measured without the lead pot
using the™®™Tc settings of the calibrator and the Mo/Tc rati@alculated. The upper
Mo/Tc limit is 0.15uCi/mCi ™. As ®™c has a shorter half-life thatiMo, the
calibrator calculates the time at which this limitl be exceeded, alerting the user if
that time is less than 12 hours after the measureme

Al** Breakthrough — Chemical Purity
Al** breakthrough occurs when an*Alon is exchanged with three Nins during
an elusion. This leads to the presence oF’RI(cOy); in the eluate. When the eluate is
mixed with the pharmaceutical during labelling, t#8rcO, in Al(**™TcO4); may not
bind to the pharmaceutical. When the radiopharntaduis administered to the
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patient the AR®™TcOy)s; will not follow the same distribution pattern aket
pharmaceutical, leading to an increased backgraaeht, reduced signal to noise
ratio and therefore poorer image quality. The patidose will therefore not be
optimised. Additionally competition between3Aland TcQ for binding sites in the
target tissue can lead to the production of fre®,TcHigh levels of Af* are also
associated with alumina column damage followingogiog of the generator.

There are two types of test that can be performeassess Al breakthrough in an
eluate. Both tests are based on the fact thdt i8la 3+ ion and its presence in a
solution affects the pH of a solution.

The first test is the one used at this hospital endarried out twice per week,
including on the first elution of the generator.eTiest uses Al indicator papers and
a standard AT solution of 1g/ml. A drop of the standard solution is placedooe
indicator paper and a drop of the eluate is plamednother. The intensities of the
colours of the two indicator papers from the twairses are then compared. If the
intensity of the colour from the eluate is lesattizat from the standard solution then
the eluate is deemed to have a sufficiently lo&/ Abntent and is fit for use.

The second test may be performed on any elusionraaties the use of narrow pH
papers and standard pH buffers. The pH buffersespand to the upper and lower pH
allowable pH limits for the eluate. The eluate atandard pH buffers are dropped
onto the pH papers and compared. If the pH indichiethe eluate is within the two
pH limits then the eluate passes the test. Thisde®wt performed at this hospital.

The first test is more accurate, however the négeskthe standard solution makes
this test more expensive to perform than the setestchence the limitation of its use.
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4.3 Radiochemical purity test

For each new batch of cold-pharmaceutical (i.e.-raaloactive component of the
tracer on to which the isotope is labelled) recgig the radiopharmacy, tests are
carried out on a labelled sample in order to eveluhe efficiency with which the
pharmaceutical binds to the isotope. A batch witlova labelling efficiency would
leave unbound {™TcOy) or free *®™c circulating in the body. These unbound
isotope species would not accumulate in the sanehamesms as the desired tracer
and could increase background noise (reducing ingagdity) or possibly cause the
presence of false foci of uptake in images and thcrease patient dose in these areas
unnecessarily.

The test method uses one or two strips of chromajpty paper (depending on the
pharmaceutical itself) and solvents again dependenthe pharmaceutical to be
tested. The first method is used for pharmaceustitelt only leave unbourfd™TcO,
only. The second method is an extension of thet fingethod. It is used for
pharmaceuticals that can also produce reddt8tt. In this second method, the first
part of the test tests for reduc€dTc & unbound®*™TcOy, and the second part tests
for reduced®™Tc alone.

First let us consider the purity test of MAA, whiohly tests for unboun®™TcOy.
This test utilises one strip of chromatography paged saline as a solvent. The
chromatography paper is cut into a strip 15 mm x5 and marked as shown in fig.
4.2.1. Using a syringe a small quantity of activeydrawn up from the labelled MAA
kit used in morning’s radiopharmacy dispensing isessA drop of activity is placed
at the origin on the strip and allowed to be absdrlihe paper is placed origin first in
a vial of the solvent, ensuring the solvent does auwer the origin, and removed
when the solvent absorbed reaches the line mai&Et (Solvent Front). The paper is
removed from the solvent vial and cut along thelic&. Both sections are placed in
sample tubes and counted in the well counter. UntdU'TcO,” will be carried with
the solvent and relocated to a higher section efctiromatography strip than bound
9mrcO, on the principle of particle size versus speeder@fore the counts from the
origin and solvent front sections of the strip dddae due to properly and improperly
bound isotope respectively. The labelling efficeens then calculated as the
percentage of total counts originating from thegiorisection of the paper. Values
from an observed test of MAA are shown in an exangplculation below.

A = SolventFront Counts= 225
B = Origin Counts=143621

C =Total Counts= A+ B =143846
Efficiency=(B/C) *100=99.8%

The second type of test includes an additiongb stfichromatography paper, marked
as shown in fig. 4.2.2, to that used in the fiygptet of test. Again a drop of activity is
placed at the origin of the paper, which is theacetl into a solvent vial until the
solvent is absorbed up to the SF line. Again tharplaceutical determines which
solvent is used. The test used for labelling edficy testing of radiolabelled
methylene diphosphonate (MDP, used in bone imagisgys saline and butanone as
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solvents to test for unbourild™cO; and*™Tc respectively. The second part of the
test is used to detect free and redut&tdc.

In this case the labelled MDP is left at the origihilst the unbound®™TcOy is
drawn up the chromatography strip in the first phrthe test. In the second part of the
test unbound and reduc&l'Tc is not carried up the strip by the butanone esathand
SO remains at the origin.

) \17 F \7
13mm 13mm
—————— Solvent ~———~71 Solvent
12mm 12mm
Cut line
20mm \ .
28mm / Cut lines
8mm
——O-—1 . -—O-—1 .
12mm Origin 12mm Origin
B E’
Fig 4.2.1 Test 1 strip mark Fig 4.2.2 Test 2 strip mark

The percentage of measured activity from the stripest 1 due to fre®™TcOy is
given by:

% freeTcO, = g* 100

Where:
A = Solvent front counts
C = Total strip counts

The percentage of measured activity from the strifgst 2 due to unbound, reduced
9Mre is given by:

% unboundreducedTc = %* 100

Where:
E = Origin Counts
G = Total Counts from Origin (E) and Solvent Fr@R)

The labelling efficiency is then calculated as:
Efficiency=100- (é + Ej *100
C G

The labelling efficiency should ke90 % to be acceptable. Note the middle section in
the 2-cut method is discarded.
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5. Therapies

The Nuclear Medicine department carries out a raofjdargeted radionuclide
therapies. These utilise the localisation of |ladgklpharmaceuticals to deliver a dose
of ionising radiation (in the form of charged peldi emissions) to particular target
tissues. Described below are two of the therapeset out by the department.

5.1*4-MIBG Therapy

An 241-MIBG therapy was carried out on an elderly maétignt in the Radio-iodine
Therapy suite of this hospital. The treatment cosegr an administration of 5.441
GBq **'1 labelled metaiodobenzylguanidine (MIBG) to a pati using an infusion

pump.

Prior to the patient arriving, the Radio-iodine Ty suite was prepared by covering
the tabletop surfaces and the immediate area arthantbilet with Benchcote. This

material has an absorbent topside and waterpratérside. This measure was taken
to minimise contamination hazards. As MIBG may kereted in the patient’s urine,

there is a significant risk of contamination of theor. The patient was therefore

asked to sit when emptying the bladder. If anylspitere made in this area the
Benchcote would absorb it and could be easily readpthus preventing long-term

contamination of the floor.

MIBG is taken up by catecholamine storage vesitiezdrenergic nerve endin§§..
This uptake pattern means that MIBG localisesgsues similar to those found in the
adrenal glands and can therefore be used to tex¢get-adrenal tumours consisting of
this type of tissue, including phaeochromocytomad ameuroblastomas. The
mechanism of this uptake arises from the similagfyits chemical structure to
noradrenaline and utilises the re-uptake mechanism noradrenaline by
catecholamine storage vesicles. MIBG may be usdabth therapy and imaging of
these tumours, however imaging us€$ as the radioactive label instead of thd
label used in therapy®? is solely a 160 keV gamma ray emitter whifd emits p-
particles as well as 360 keV gamma rays. The iimmu®f B-particles in**}
emissions makes it less suitable as a diagnostiomaclide thart®. The B-particles
result in increased effective dose without contiiito the image.

The characteristics that makél undesirable as an imaging tracer label makesfuls

as a therapy label. The aim in MIBG therapy is étwer a high effective dose to the
target tissue. In this instance tRearticles are used to damage and destroy the cells
of the tumour. Unfortunately the high-energy ganmangs that accomparf§-particle
emission have no therapeutic value and result & phtient being an external
radiation hazard to those around them. If the g@uhomaceutical used in MIBG
therapy was a pure beta-emitter, then while theepttvould be a radioactive source,
that radiation would be absorbed by the body artdertend far beyond the patient
themselves, if at all. However, the gamma emissionag be used to image the patient
post-therapy.

The half-life of *} is 8.1 days. The activity of the radiopharmaagaltiremains
relatively high for a significant period of timet was therefore necessary for the
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patient to be confined to the Radio-iodine Theraoyte, which is defined as a
controlled area, until such a time as their agtiwis low enough to allow them to be
legally discharged. This level is achieved whendbtvity of the patient is less than
800 MBq.

Assessment of the patient’s activity was carrietl lufirst calculating the activity
received by the patient at time of administrati®hat activity was then correlated
with the dose measured jusv/h on two dose rate monitors, resulting in abcation
factor, which allowed an estimation of retaineddist This process was necessary,
as the activity of the patient could not be measdutieectly. The administered activity
was calculated by decay correction of the inities@l activity measurement and back
correction of the residue activity to the time ofection. The calculation of the
administered activity is shown below. The dose rmweiwere positioned at waist
height at 2 m from the patient.

Initial activity of dose was calculated by takingetmean of two separate, decay
corrected, activity measurements of the dose pgdoadministration. The dose was
administered at 4 p.m. on 17/02/04.

1. Activity of dose measured at 10.14 a.m. 17/02/®461 GBq
Let this time be t = 0.
Administration taken to be at time of first maeement with monitors,
i.e. at4 p.m. 17/02/04
= t = 5 hours 46 minutes.

A=In2/T,
Ty, = 8.1 days
A, =5.61 GBq

Alt) = Ae™ = 549GBq

2. Activity of dose measured at 12.03 p.m. 17/02@57 GBq
Let this time be t = 0.
Administration taken to be at time of first maeement with monitors,
i.e. at4 p.m. 17/2/04
=t = 3 hours 57 minutes.

A=In2/ T,
T, =8.1 days
Ao = 5.57 GBq

A(t) = A,e™ = 549GBq

The initial activity was therefore taken to be 5@Bq at the time of administration.
The total residue activity of the needles, deliverlying, dose containers, gauze and
venflon was measured in the calibrator at 2.23 @m18/02/04 and was found to be
42.33 MBg.

Assuming t = 0 at 4 p.m. 17/02/04, it follows that 22 hours 23 mins at time of
residue measurement ang i8 the residue activity at time of administration.

_ At
AO - e

The net activity administered was therefore 5.4&80.

=459 MBq
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The mean dose rate measurement taken by the nwaitet p.m. 17/02/04 was 82
pHSv/h. As the effective dose of a particular typeaafiation is proportional to the flux
of that radiation, and therefore to the activitytibé source, the reading of the dose
monitors was directly proportional to the net aityivadministered. The calibration
factor for the monitors in terms of activity wagtéfore 66.4 MBqg{{Sv/h). The limit

of 800 MBq for discharge would correspond to a rtmnieading of 124Sv/h.

Decay correction could not be used to determinetithe at which the patient’s
activity would be less than the 800 MBq limit to @hecharged as this only accounts
for the physical half-life of the isotope and ndtetbiological half-life of the
radiopharmaceutical. Measurements made of thenpatiactivity at 24, 46 and 70
hours were used to estimate the effective halfdfféhe isotope within the patient and
therefore the approximate time of discharge.

The measurement at 46 hours gave a dose rate®f130/h, approximately % of the
initial reading. The effective half-life was theve¢ considered to be approximately 24
hours. It was unclear as to whether the patientisity would be below the 800 MBq
limit 24 hours later, therefore it was decided &fprm a whole body* scan on the
patient the following day to verify the true actyi

The patient was taken to the imaging section ofNbelear Medicine department and
a whole body scan performed on the Axis gamma canmder ROI was drawn around
the patient on the acquired image with an additidd@l taken over a section of
background. The number of counts per second wittgrpatient ROI was background
subtracted and a calibration factor applied to giheeactivity of the patient. The scan
method of activity measurement within the patiemiswhought to be more accurate
than the dose monitor method the camera is mogts@&nand covers the entire body
in the course of the scan. In this case the scawesth a patient activity of 615 MBq.
The patient activity was also checked with the dase monitors. The final monitor
readings obtained were 11Bv/h & 12.2uSv/h. This suggested final activities of
784 MBq and 810 MBq according to the monitors. figkihe mean of these three
measurements gave a patient activity of 736 MBqge Hatient was therefore
discharged. While the monitors confirmed the patseactivity to be sufficiently low
as to allow discharging there was found to be aremancy between the activities
calculated by the monitors and the gamma camerhaust If this discrepancy had
been large the department would have been obligatkelep the patient in.

It was thought that the discrepancy between the teabiniques might be due to
geometry differences between the source used tbra® camera and the sources
measured within patients. TH&! calibration of the Axis was previously carriedtou
using a source of known activity in a syringe, pthan a neck phantom. The
calibration was designed for use with thyroid measwent and the calibration factor
has been adopted for whole body measurementssltieeided to perform a different
calibration on the camera to check the validitytti§ method. See section 6.F%
sensitivity calibration of Axis system”, for detsil
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5.2 Yttrium-90 Therapy

Yitrium-90 %) is used to achieve the reduction of synovialction in articular
joints in the treatment of certain arthritic comulis as an alternative to invasive
surgical procedures. This method of synovium rerhisvermed radio-synovectomy.
Yy is produced by neutron bombardment 8% in a nuclear reactor and is
exclusively a3-particle emitter with a :f of 64.4 hours and maximum patrticle energy
of 2.3 MeV. The high Linear Energy Transfer (LEhetenergy deposited in a
medium per unit distance travelled) and low ranigB-particles makes them ideal for
this treatment. The range of #ly B-particle in soft tissue is approximately 11.1 mm.
The localisation in the joint itself and short rangean a low dose to tissues outside
of the target area. While the high LET provides dgento the tissues within that
range (i.e. the excess synovium).

The therapy uses a dose with an activity of 185 MBg ml at time of injection and
is administered intra-articularly. The original socel vial is referenced to a particular
date at a particular time stated on the lead ceetaiDecay correction is used to
calculate the activity required to be drawn uphe tadiopharmacy and to calculate
the activity/ml of the source used at this timeisTihformation along with the original
source volume will allow the radiopharmacist toedetine the volume of source
required to be drawn up to yield the correct attiat time of injection. The activity
of the dose was also measured in a calibrator pei@dministration to check that it
was correct.

The administration | observed was carried out ghgsician in the company of a
nuclear medicine technician and a physicist. Allaceesthetic was applied topically
to the joint at the start of the therapy admintstra Excess fluid was drawn from the
joint using a syringe and a dose of antibiotics imistered. A needle was inserted
into the joint and a three-way tap attached tdTfite °°Y-therapy syringe was then
removed from the injection box (still in the syreaghield) and the therapy dose
injected via the three-way tap. The syringe wasrnetd to the syringe box and the
administration time noted on the box label. Finalgose of lindocaine and kenalog
(anaesthetic & steroid) was administered via theettway tap. This has three effects.
Firstly providing a steroid to the knee to help ueel inflammation in the joint,
secondly providing an anaesthetic for the pain ftcan induce in the joint and
thirdly to flush any residual’Y from the dead space in the three-way tape andi@eee
into the patient. The pain relief froflY takes a couple of weeks to take effect. The
steroid is used to provide temporary pain reliefilutnis happens. However, the
steroid only provides cover for a couple of weeltsereas thé®Y pain relief lasts for
months once it takes effecfY is of value in patients who have to receive répea
steroid doses for pain relief.

The protection issues in this therapy differ sligifitom the standard considerations in
the nuclear medicine department. Firstly the isetaped is exclusively @-particle
emitter. This means that the syringe shield aneboin& active waste container must
be made of Perspex and not lead. Lead is suitdbj@mma ray emitters due to the
high penetration quality of gamma ray and the rfeetlighly attenuating materigB-
particles are readily attenuated, however, beingnspy charged particles, they
produce x-rays when they are decelerated. Thisaesvk as Bremsstrahlung radiation
and is due to the interaction of the chardggarticle with the nuclei of the
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attenuating material. The cross-section of Brerahfing production is proportional
to atomic number of the attenuating material. Tiogeg while lead will completely
attenuate th@-particles it will produce Bremsstrahlung x-raysnde using a greater
thickness of a lower atomic number material to lshiee syringe and active waste
will attenuatep-particles while producing negligible quantities Bfemsstrahlung.
Whilst lead will also produce x-rays when used tdell *™Tc it cannot be
substituted with a lower atomic number materialduse of the highly penetrative
nature of the gamma rays emitted. During the adstration of the therapy an
absorbent sheet was placed under the treatedigoatisorb any spills that may occur.
The floor area immediately around the patient's beds monitored for any
contamination after the therapy using a Geiger tmur significant complication is
that*®Y therapies are delivered in the Clinical Invediiga Unit (CIU). The relatively
long half-life °®Y would mean that any contamination would takegaificant amount
of time to decay naturally. The combination of thith the accessibility of the CIU
by staff, patients and visitors makes any contatitinaa very significant radiation
protection hazard needing immediate control measure
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6. The use of*} in Nuclear Medicine

13 is a commonly used isotope in Nuclear Medicinethbdiagnostically and
therapeutically. It emits botf-particles andy-radiation making it a therapeutically
useful isotope that can also be imaged by a ganama@.

6.1 Sensitivity Calibration of the Axis System

Introduction

The gamma camera is sometimes used to measuretilidyaof > taken up by
organs or specified volumes within a patient, uptakthe thyroid or whole body of a
patient as part of a diagnostté study. These studies may be performed post-
operatively or as a follow up study, a long timestpiherapy, for thyroid ablation
therapies if continued thyroid function is suspdcte

Diagnostic*®* scans can be used to assess the presence & ektettopic thyroid
tissue, as a check for residual thyroid tissueoWithg surgical thyroidectomy and for
the detection and assessment of thyroid metastastt®e rest of the body from a
known primary thyroid tumour. In the case of suadjithyroidectomy, a patient will
often be referred for af®!i thyroid scan to assess whether there is a sefffici
guantity of residual tissue to require ablatiorraips.

Although ®°™cQ, is the most frequently used radiopharmaceuticabther thyroid
scans (due to shorter half-life and absencg-pérticles in the emissions 81"Tc),
these studies use 75 — 150 MBq-Nainstead. This is because it better matches the
uptake patterns of the therapy dose when treatng small thyroid tissue remnants.

It also gives better indication of ectopic thyrdissues. Some departments allow one
month between scan and therapy dose administradioreduce the likelihood of
thyroid stunning of the therapy. This is the effegt which the uptake take of the
therapeutic dose may be reduced by the diagnostity flose!*”. This is not the
practice followed at This hospital, as it requities patient to be kept hypothyroid for
the month, which is uncomfortable for the patient.

By measuring the activity in the syringe before aftér administration, the delivered
activity can be determined. An image is acquirgddtdays post-administration. This
delay ensures sufficient time f&f' uptake by the thyroid and its clearance from the
rest of the body. Regions of interest can then aevd around the thyroid and a
background region on the image to obtain the baxkgt netted counts in the thyroid.
If the delivered activity is decay corrected to titee of image acquisition and a
conversion factor is applied to the netted countaiits— activity) the percentage
uptake of the dose by the thyroid can be determiAed his hospital if the thyroid
uptake is less than 0.3% then the patient is nargt 1 therapy, but instead is treated
with surgery or anti-thyroid drugs (see section.6.2

Scans may also be performed shortly after admatietr of a therapy dose. These
scans can give diagnostic information with no iaseein the dose to the patient. They
can be used to check that the therapy dose is tafzeanto the same regions as the
diagnostic scan. The higher activity of the therawmge, relative to the diagnostic
dose, may also allow smaller thyroid tissue remmémbe observed. Additionally the
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system may be utilised to measure the residuavigctiThis is used to revise the
restrictions of patients’ behaviour and the duratd those restrictions.

This splits the uptake measurements into two diffeicategories, those focusing on
the thyroid and those considering uptake throughioaitrest of the patient depending
on the object of investigation. The latter measwet can be used to determine
whether MIBG or™*!f ablation therapy patients’ activities are sufiaily low as to be
under the legal limit to be discharged from thepita$ (and controlled area of the
Radio-iodine Therapy suite). Although the activisy measured and calculated as
described in the MIBG Therapy section of this pmitf (section 5.1), the scan
measurement is used as a secondary check to teeatesneter.

The procedure described in Section 1 below is usezhlibrate the gamma camera
sensitivity for'*i measurement of the thyroid itself. The calibmatfactor has been
calculated based on a syringe of activity usecefmasent the thyroid. Currently this
calibration factor is applied to whole bof{}l scans as well. Discrepancies between
activity measurements made using the monitors leackthe department to consider
that this method may not be entirely accurates lthought that the geometry of the
distribution of the source in this case may be ¢hase and a separate calibration
factor may need to be determined for whole bodysumesaments using a larger-sized
source. It was decided to perform a second caidsrawith the source in bags to
check the results of the syringe calibration methbais is covered in the second
section of this report. The calibration uses symgontaining**!i to simulate
thyroids of known activities, which can then be ged and the image analysed to
obtain a calibration factor.

Section 1: Thyroid Calibration

Procedure details

A 300 MBq source of'*| was ordered from the manufacturer. An initial
concentration of 1 MBg/ml was required. 1 mI'3% was drawn up form the source
vial and its activity measured in the calibratoheTactivity was found to be 35 MBq.
A dilution of this aliquot in a flask with 34 ml afater would give a source of the
desired concentration. Before this dilution wagiedrout the flask was rinsed with a
small quantity of stable sodium iodide (Nal) addedwater in order to block any
binding sites in the glass.

From the dilution three samples were created bwidiga 15, 5 and 1 ml from the
flask into three separate 20 ml syringes. The custef each syringe were made up to
20 ml with additional water.

1 ml of diluted source was drawn up and furtheutddl with water to 100 ml in a
second flask (again the binding sites were bloggedr to dilution). This gave a
solution with an activity concentration of 0.01 MBd. Two further sources were
created by drawing up 15 and 1.5 ml of this secdihation into two more 20 ml

syringes. Again, these were made up to a volum20oml with water. All of the

above was carried out behind a lead “castle” wal fume cupboard to minimise the
dose to the operator and to contain and minimisaigk of contamination. This was
carried out over absorbent paper on a drip trathabif any contamination did occur
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it could be more easily dealt with. The area wasnitboed at the end of the
procedure.

This process provided five 20 ml sources with eigactivities of 15, 5, 1, 0.15 and

0.015 MBq numbered 1 to 5 respectively. Each sgriwgs measured in the calibrator
three times and the average activity taken. The tamd date of measurement was
recorded for use in later calculations.

Camera

The camera was set up to acquire"#hwhole body image of a neck phantom (see
fig. 6.1.1) over a 70 cm length at 5 cm/min. Thpaeameters were chosen to match
those used when imaging patients. The camera hasgesitioned directly above the

phantom at 11 cm from the upper surface. This wassen as the approximate

distance of the detector above the thyroid of aepatduring a scan. Images were

acquired of the phantom with each of the syringseited in turn. The imaging start

and stop times were recorded.

Fig 6.1.1 Neck phantom used in syrirgk calibrations

Analysis

Regions of interest (ROIs) were drawn around thewo A background ROI for each
image was also drawn. The number of counts andspireesach ROI were recorded.
The number of counts in each source ROI was badkgrosubtracted (scaling
background ROI counts up to source ROI area). pitusided a netted count for each
syringe. The activity of each syringe was decayemied to the mid-point of the
imaging time for that syringe using equation 6.1.1.
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Equation 6.1.1 At) = Abe—ﬁt
In2

Where: A=——
T1/2

Ti2=8.1 days
A, = measured activity
t = time from measurement to image acquisitiorygfla

This gave a netted count for a known activity facte syringe at the time of imaging.
A plot of netted counts versus decay correctedridgtisee fig 6.1.3) with a linear fit
applied gave a relationship shown in equation 6.1.2

. Counts+ 36367
| Activity (MBQ) =
Equation 6.1.2 ity (MBA) ===~ 15575
— Activity (Bq) =57 2%(Counts+ 36367)

This equation is a manipulation of the line equatin chart 6.1.1. in which the
intercept is —363.67 and the slope is 17455.75&sq/

Hence this equation can be used to calculate theitgoof the thyroid as ~57.29
Bg/Count.

The line had an Rvalve of 1.00 (2.d.p).

Errors

The radionuclide calibrator has an electrometasresf £2.0 % and a system error of
+0.1 % (8 Taking the geometric mean of these gives an @tecalibrator
uncertainty of ~ 2.0 %. However the use of averggf three measurements per

syringe yields an activity uncertainty 01fﬁ =+12%for the measure

_2
N3

activities.

Section 2: Whole body calibration

Procedure Details

A syringe of*!i was drawn up from the original source. The atfivif the syringe
was measured in the calibrator. A few millilitregne then injected into a saline bag
(labelled “A”) and the syringe activity was measui@gain. A few more millilitres
were then injected into a second saline bag (leb€iB”) and the syringe activity
measured a third time. Each time the activity wasasared the date and time were
recorded for the purposes of decay correction.ndinipulations of the source and
active syringe were carried out behind a lead eastla fume cupboard over a drip
tray, which was lined with absorbent paper. This weaminimise the risk of external
dose to the operator and enable any spills to biéyezdeared up.

Camera

The bags were imaged individually and then simeltarsly on the Axis system using
the **! whole body protocol. The bags were placed ondtiech with the camera
head directly above the table at a distance ofr@@rom the bag(s). The system was
set to image over a length of 70 cm at a rate@hbnin. Imaging start and stop times
were recorded for each scan.
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Analysis

An ROI was drawn around the source and an areaackgoound for each of the
acquired images. The background counts were stidtrdom the primary ROI in the
same way as for the thyroid calibration above. Ho#vities of the bags were
calculated to the mid-point of the relevant scapsjpplying a decay correction (eqn
6.1.1) to the appropriate syringe measurementsetheing:

For Bag A image Measurements 1 and 2
For Bag B image Measurements 2 and 3
For Bag A&B image Measurements 1 and 3

The difference between the decay corrected measmtsigields the decay corrected
activity of the sources imaged at the time of imggi

A plot of netted counts versus decay corrected/idgtyave a linear relationship (see
fig 6.1.4). The equation of the line of best fitpdpd is given in equation 6.1.3,
rearranged in terms of activity.

. Counts+ 33721
Activity(Mbg) =
Equation 6.1.3 ctivity(Mba) 16934

— Activity(Bg) = 59.05* (Counts+ 33723

This equation is a manipulation of the line equatin chart 6.1.2. in which the
intercept is —33721 and the slope is 16934 cts/MBqg.

Hence this equation can be used to calculate thigitpcof the bags as ~59.05
Bg/Count.

This line had an Rvalue of 1.00 (2.d.p).

Errors

The activities of the bags were calculated from #c@ivity measurements of the
syringe before and after injecting the bag. As eaelasurement was made once, the
error in the syringe activities are 2 % (inheremicertainty). The error of the
calculated activities of bags A and B (separateslyherefore given by combination of
the absolute errors of the syringe activities ind[Bgn 6.1.4). The activity of bags A
and C was calculated by subtraction of the thinihgge measurement from the first.
The error of the combined activity is still, theved given by equation 6.1.4.

Egn 6.1.4
Z=A-B
= (AZ)* = (AA)* +(LB)?
WhereAA andAB are the absolute errors in values A and B regpygt
The errors are summarised in the table in fig 6.1.2
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Decayed Error Combined | Combined
Activities (MBQ) (%) Error (MBQq) | Error (%)
Meas 1 238.3 2.0
Bag A Image Meas 2 1793 50 6.0 10.1
Meas 2 165.2 2.0
Bag B Image Meas 3 370 50 3.4 2.7
Bag A &B Meas 1 178.7 2.0 36 54
Image Meas 3 30.2 2.0 ’ )

Fig 6.1.2 Table of errors

Conclusion

Comparison of the calibration factors for syringml dag imaging methods, (approx.
57.29 and 59.05 Bg/count respectively), showsghshlliscrepancy in the sensitivity
of the system when using these different sourcengéies. The current calibration
for any ™Y activity measurement carried out using the Axistesm is 55 Bg/count.
These values are sufficiently consistent, considethe increased error in the bag
method, to confirm the validity of the current pedare.

Discussion

The count densities of the bag images are grelader those of a post-therapy whole
body *!i scan. The count densities of the bag images rhrfigem 319 to 726
counts/pixel while the count density of a sampleolehbody scan was found to be
27.6 counts per pixel. The distribution of the wtyiis also not consistent between
the two images. The counts are evenly distributest the bag image while the whole
body image has a focus of higher count densityratdhe thyroid than the rest of the
image. The count density of the 15 MBq syringe imags found to have a count
density (for the ROI of the syringe) of approxintaté03 counts/pixel. The ROI of
the thyroid in the clinical image had a count dgnef 505 counts/pixel. The count
densities of these cases are fairly similar.

The images could be made more patient represeatatipatient images by using a
larger phantom. Ideally this would be a fill-ableotly” phantom, as it would more
closely match the patient geometry of the clinisituation. However, as the
department does not have such a phantom one weeltito be made up. This would
be expensive. Another solution would be to usevadiphantom. This would not be
as close a match but would be inexpensive as tpartheent already has a flood
phantom. The question then becomes one of cosuwdryenefit. In either case, a
syringe of activity could be included to represina higher uptake in the thyroid.
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Syringe Calibration - Netted ROI Counts vs Activity
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Fig 6.1.3 Syringe Calibration plot
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6.2 Thyrotoxicosis therapy

Patients with thyrotoxicosis (hyperthyroidism) aligided into three categories. The
first are those with Graves’ disease, which presentiniformly overactive thyroid
and is often (but not always) accompanied by desedsthe eyes causing them to
protrude (exophthalmos). In Grave’s disease theeased thyroid activity is due to
stimulation of the thyroid stimulating hormone rptes by antibodies against them.
The other categories are single thyroid nodule (S&Nd multi nodular goitre
(MNG). These correspond to localised region(s) wéractive thyroid tissue. In
thyrotoxic patients Graves’ disease is the mostraomform, accounting for 80 %
considering all ages and genders. STN and MNG adcéar 5 % and 15 %
respectively as shown in fig 6.2.1. In older pasetine percentages of Graves’ and
MNG may change to 60 % and 35 % respectively, hew#w percentage of patients
with STN remains fairly constant.

Graves’ STN MNG
80% 5% 15%

Fig 6.2.1 Typical™® distribution patterns in thyroids of patients witGraves’
disease, STN and MNG. Grey indicates high uptake.

The patient’s treatment plan depends upon the aaiueir thyrotoxicosis, life-style
and domestic issues and an evaluation of likelyg@nce with restrictions.

131 emits both gamma rays (360 keV) abparticles (Fax = 0.61 MeV) whilst'?
emits only gamma rays (160 keV). In diagnosis ithis gamma rays that are useful,
allowing the patient’'s thyroid to be imaged with gamma camera. In purely
diagnostic studies, thereforé’ is the better labelling isotope to use as it\ieh a
lower effective dose to the patient th&fi. However, in therapy the dual emission
modes of**!i are beneficial as thB-particles induce the required biological damage,
while the gamma rays allow the iodine distributinrthe thyroid tissue to be imaged.
Sodium pertechnetate (RFATcOy) is also taken up by the thyroid and is used meso
diagnostic studies. Although its uptake does naicdyx match that of iodine it gives
sufficient uptake distribution information abouetthyroid on this scalé€®™Tc has a
shorter half-life than either of the iodine isotepe

A patient presenting with a goitre, positive bloedt and evidence of Thyroid eye
disease is almost certain to have Grave’'s diseask vall not require further
diagnostic investigation with an isotope thyroidrscin the absence of associated eye
disease a thyroid scan may be performed. The lisivh of'% uptake in the thyroid

is different for each category (fig 6.2.1). Pateemiith Graves disease demonstrate
uniform high uptake over the entire thyroid, whBeans of patients with STN
demonstrate single focus of high uptake with a level of uptake in the rest of the
thyroid. MNG patients demonstrate an uneven distigm with multiple foci. In
some cases the rest of the thyroid may not be lgigin the scan as a negative
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feedback mechanism suppresses normal thyroid tigsudhe presence of toxic
nodules. lodine isotopes are used in these stadigbe thyroid uses iodine in the
production of thyroid hormone¥3 uptake is a marker of thyroid physiology.

Most Grave’s disease patients will, on first preataon, be treated for 1 year with
anti-thyroid drug therapy. Of these patients appnakely %5 are cured whilels
relapse. The relapse can occur at any time, batost common between 6 months
and 1 year after the drugs are stopped. For thedapse patients the choices for the
next course of treatment are:

1. To be put back on anti-thyroid drugs such as caabote to render the patient
euthyroid (normal). Cure rate after 1 year is ohl§6 with this option. While
there are no longer-term side effects there arestiogl issues as GPs are
unwilling to alter thyroid patient prescription @ss Therefore patient must
see a consultant regularly

2. Radio-iodine therapy witf*4.

3. Surgery to remove part or all of thyroid (thyroittzay).

Some clinicians offer patienté!i therapy as a first line therapy. Patients argaitly
rendered euthyroid with anti-thyroid drugs. Somaégmds, particularly those who do
not have children at home, do not wish to undehgorelative uncertainty of the 12-
15 month course of anti-thyroid medication and fopt"*Yi therapy. This is a choice
that must reflect the individual patient's domestitccumstances and informed
consent.

Grave's disease patients having radio-iodine theragl receive dose activities

between 400 and 750 MBq. The upper limit of adnémed activity is below

800MBq to avoid the patient being kept in Hospialhilst the ideal outcome is to
render the patient euthyroid, this cannot be rsfidrhieved with any degree of
certainty. This is due to differences in the uptakd rate of excretion from patient to
patient. As a consequence, most clinicians choosgrton the side of caution, with
post-therapy hypothyroidism perceived as the prefeoption when compared to
post-therapy hyperthyroidism (i.e. failed treatment

The treatment of choice for STN patients-1§ therapy, the activity of the therapy
being decided by the referring consultant (typicdletween 400 and 500 MBQ).
STNs are resistant to anti-thyroid drugs. As iodipéake is suppressed in the rest of
the thyroid in STN, the dose to the nodule may b#eghigh, removing it, while
sparing the healthy tissue. STN treatments are rliloety to result in the patient
being rendered euthyroid.

In patients with MNG, much depends on whether tldiept has symptoms of
extrinsic compression of the trachea or oesophaguagddition to the presence or
absence of hyperthyroidism. Patients with extrins@mpression symptoms will
usually require surgery. Hyperthyroid patients winge MNG causing extrinsic
compression should also be treated with surgeryekkiyroid patients with MNG
who do not have symptoms of extrinsic compressiag be suitable fot*!, if the 20
minutes uptake in a sodium pertechnetate’{Rl@Q;) study is sufficiently high. If
neither **4 therapy nor surgery options are suitable thengimmm anti-thyroid
medication may be required. N&TcO, is used for this uptake measurement rather
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than N&* or N&@* as lodine studies dictate a 2-day imaging proceda allow
localisation of the lodine isotope.

134 therapy and surgery both have the same net effieetdestruction of thyroid
tissue, and many patients will subsequently devélgmothyroidism and be put on
thyroxin long-term to compensate. The decidingdecbetween radio-iodine therapy
and surgery from a patient point of view are lif\des & domestic arrangements of the
patient and reluctance of the patient concerninlipteon. Female patients may have
young children. This could make limiting contacttlwichildren difficult. Some
patients are concerned about the affectbftherapy on fertility. At this hospital all
patients receiving radio-iodine therapy are advisetito conceive children until 6
months after the treatment.

During my placement in Nuclear Medicine | obsergegteral thyrotoxicosis therapy
sessions and administered a therapy myself ungmngsion. The therapy involves
the administration of*!i in a capsule. The patient is first asked to sth&r name,
address and date of birth as a patient identitglch€he therapy administrator then
talks to the patient about the safety measuresttaken, which are laid out in the
information leaflet given to the patient beforeeatting. Any question or concerns
that the patient may have are discussed. The pagi¢hen told that the capsule will
be placed in a steret vial in a lead pot. Theyims&gucted to then lift the vial to their
lips, tip the capsule into their mouth and swalleithout chewing. A cup of water is
provided to help with this. The patient is therues$ with a card and asked to keep it
on their person for a period of time dependenthenactivity of the therapy dose. The
purpose of this card is to inform hospital stafttiihis person has undergone a
thyrotoxicosis therapy if they should be taken tspital and are unable to inform
anyone themselves.

131 is taken up by the active thyroid tissue to becui the production of thyroid
hormones. The therapy utilises the emissionpgfarticles by**!. These cause
damage to cells within their effective range, frtmeir interactions with cells. The
mean particle range @fparticles emitted b¥*Y is 0.8 mm*.,

The measures discussed include how long to remfimwark, how long to limit
prolonged contact with others, how long to avoidtecot with young children and
pregnant women, and the necessity to make sepslesping arrangements for those
who usually share a bed with another person. Thesasures are required, as the
patient becomes an external radiation source up@ti@aving the therapy capsule.
These limitations exist to reduce the dose to opfieesons. As these persons do not
benefit from the dose, unlike the patient, theiselmust be kept as low as reasonable
achievable.

The dose received from an external source obeysinverse square law (when
considering point sources), doubling the distanesveen source and the exposed
individual reduces the dose to a quarter. Clos¢acbms defined as being within 1 m
one person. Similarly, patients are asked to steparately from others, preferably in
separate rooms but at least in separate beds 2rn ap

The limits imposed depend on the activity of theselmeceived by the patient. A
patient receiving a 500 MBq therapy would be askedimit close contact with
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others, over 5years old, to 30 minutes per dayl®days. This limit is increased to
18 days for 3 to 5 year olds and 23 days for céiidess than 3 years old.

Patients are also asked to keep a separate satlefycand crockery to use for 3 days
following the therapy. These are to be washed s¢ggrfrom, and after others. The
reason for this is that during this peritd, free in the body, will be excreted in the
patient’s urine, sweat and saliva. The patientefoge presents a contamination risk
during this period. In addition to separate cutlengl crockery, the patient is asked to
wash their hands thoroughly whenever preparing faod to flush twice when
visiting the toilet.

The aim of the above restrictions is to keep theedoto others not receiving the
treatment below their dose constraints and limiisese limits do not necessarily
apply to all who may be exposed to by a radioagiateent equally.

In fact there are three groups of people that carcdnsidered separately in these
circumstances. The first group includes the genarhlic, being anyone that is not an
occupationally exposed radiation worker and nangwvith the patient. The second
group includes other members of the patient’s hoaige and the third group includes
comforters and carers. Comforters and carers afi@edein lonising Radiations
Regulations 1999 as being individuals that areauaupationally exposed radiation
workers who “knowingly and willingly incur an expoa®” whilst supporting and
caring for a patient receiving a medical expostite

The dose constraints for these groups from a sipglent treatment are 0.3 mSy, 1
mSv and 5 mSv respectively. In addition to thessedmwnstraints, the first two groups
also have dose limits of 5 mSv in any 5-year pefiBdThis dose limit does not apply
to comforters and carers.

Whilst this is acceptable under the legislations ihot the practice carried out at this
hospital. The view of the Nuclear Medicine deparitrie that patients may arrive for
treatment without any or all of their comfortersdararers being present. Informed
consent of the comforters and carers would thegefely on the full communication

of the details to these persons by the patient/¢arathers present at the time). This
added level of complexity introduces uncertaintyha level of information received

by these persons. The department therefore adbptprinciple of treating those

living with or caring for the patient as memberdioé public having a dose constraint
of 1mSv per patient exposure and a dose limitwiSy in 5 years.

The department at This hospital previously usedidid®i, which the patients were
asked to drink. However, this represented a hightacoination risk if patient or
administrator spilt the liquid. A dropped capsulaynbe quickly returned to a lead
pot, negating the exposure, while a liquid spitets considerably longer to clear up.

Patients have follow up appointments with their stdtant approximately 6 weeks
after administration of the therapy.
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Thyroid Ablation Therapy

For thyrotoxicosis therapy patients, the aim of therapy is to reduce the activity of
an overactive thyroid. Thyroid ablation is a mordreme form of this therapy.
Thyroid remnant ablation therapy is used in conji@mcwith surgery (thyroidectomy)
in the treatment of patients with Differential Thyd Cancer (DTC). DTC includes
the papillary and follicular variants of thyroidrcer. DTC cells behave like normal
thyroid cells in that they often can be shown teetap iodine. This is used to provide
imaging evidence of metastatic disease or recurdesgase, and as a prelude to
therapy.

Patients with DTC undergo total or sub-total thglemtomy, often with the removal of
the lymph nodes adjacent to the thyroid. Patiengstlaen referred for a diagnostic
whole body™! scan. This can be performed either 2-3 weeks ppstatively or, if

the patient is started on Thyroxine grsupplements, at a date several months later.

DTC cells are stimulated to divide by high thyrst@mulating hormone (TSH) levels.
As a consequence, the diagnostic scan is perfomeh the patient is deliberately
rendered hypothyroid (i.e. with a high TSH levdljis increases the sensitivity of the
test. Patients are administered 150 MB{§°dfas a diagnostic dose, and return 3 days
later for imaging. At that time an ROI is drawn and the thyroid bed. A decision as
to whether to treat with®!i ablation therapy is made on the basis of a nunalber
patient specific factors as to whether Thyroid RanmnAblation is required. These
factors include the histological type of the tumdhe size of the lesion, the presence
or absence of lymphatic or vascular spread, theo&tjee patient and the findings on
the diagnostic scan.

In cases where Thyroid Remnant Ablation is requlited patient will then receive an
ablation therapy dose 611, again in capsule form. The activity of the disdecided
by the Nuclear Medicine Consultant but is typicaifythe order of 3 GBq. As in the
case of MIBG therapy patients (section 5.1), thigepais kept in the Radio-iodine
Therapy suite and monitored until their activityigdbelow 800 MBq, when they may
be legally discharged. Again, as for MIBG thergayients, the Axis camera system
is used on the final day to measure and confirm ghient’s activity (se€™}
sensitivity calibration of the Axis system, secti®i). The aim of ablation therapy is
to destroy all residual thyroid tissue. Post-thgrapans can in theory demonstrate
lesions not visible on the lower activity diagnoscan.
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7. Projects

Detailed in this section are three projects caroed during my placement in the
Nuclear Medicine Department.

7.1 Audit of Paediatric Administered Activities

An audit was conducted of administered doses fbmpaédiatric imaging studies
performed over the three-month period from Octdabddecember 2003.

The department has scaling factors, taken fromAtiministration of Radioactive
Substances Advisory Committee (ARSAC), which areduso scale the Local
Diagnostic Reference Levels (LDRL) for particularveéstigations, according to
weight, to doses that are acceptable for use witldren. These scaled LDRLs are
referred to as Paediatric Local Diagnostic Refezehevels (PLDRLs). They are
applied to children and young persons aged less If&ayears and are based on
weight. Children weighing more than 70 kg recei®® % of the adult LDRL.

Policy within the department has been to use dbséseen 80 and 100 % of the
calculated PLDRL for any one paediatric patient.

An audit conducted between October and Decembe? 200nd that, out of 59
patients in that period, six received doses th#t daetside of the 80 — 100 %
acceptability range.

The audit was repeated to investigate the effectigse of actions suggested by the
previous audit.

Background

Each type of scan in the department has a preskcribetivity for the
radiopharmaceutical involved. The doses are ordizoed the radiopharmacy, where
they are drawn up each morning before the imagiohgdule starts. If the activity is
not within 90 — 100 % of the DRL for the scan, odume of drawn tracer is adjusted
and re-measured until the activity is within thésats. While doses within 90 — 100
% limits are acceptable, a range of 95 — 100 %dasendesirable especially for scans
that are to be performed later in the afternoons Thbecause delays to the start time
of these scans are common due to accumulated délaysghout the rest of the day.
If the dose is intended for a paediatric study@fL for the study, and therefore the
drawn dose, are scaled according to the patientigiw by the ARSAC scale. The
dose is then made up to the standard volume wiithesd he dose is passed out of the
aseptic suite through a hatch to the second opesédto notes the current activity and
time of measurement on a record sheet and the tdbible relevant injection box.
Operator 2 also performs periodic checks of dosesded for adult studies using a
second calibrator. This check should be carried foutall doses intended for
paediatric patients. The dose is placed in a lesdtlinjection box labelled with the
appropriate patient details and radiopharmacy mé&ion and delivered to the
imaging section.
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Immediately before the administration of radiophaceutical the dose’s activity is
measured in the Imaging section’s dose-calibrata@heck that the dose is within 80 —
100 % of the DRL for the study. The patient (or rglien if the patient is too young)
is asked to state their name, date of birth andesdd which are checked against the
patient’s request form and injection box label. B&rpatients between the ages of 12
— 55 are also asked to state the date of theipsbd and whether they might be
pregnant. The dose is then administered accordiriget test procedure and the time
of injection is recorded on the injection box. Tegringe is re-measured in the
calibrator to obtain a residue measurement, whechecorded with the measured
activity against the relevant study on the radaiepe laboratory copy of the day’'s
study list. The residue is subtracted from thevagtmeasurement made immediately
prior to injection and this residue corrected attiis recorded on the injection label
and the patient’s request form. The injection batxel is removed from the box and
attached to a sheet of paper with other labelsfitadl These labels are retained for a
period of a few months so as to be available ire @dsnecessity for referral (e.g. in
audit).

Results
A summary of the results of this audit is givermable 1.

Dose Audit
Oct 2003 - Dec 2003
Paediatric Studies Dy Kidneys Static Kidneys Bones Total
No. Carried out 16 27 3 46
Av. %age of PLDRL 92 89.3 94.9 90.6
Std Dev. 3.37 4.83 2.72 4.53
Max 97.5 99.3 96.9 99.3
Min 85 81.6 91.8 81.6
>100% of PLDRL 0 0 0 0
<80 % of PLDRL 0 0 0 0
<90 % of PLDRL 4 16 0 20
%age between 80 - 100 % 100 100 100 100
%age between 90 - 100 % 75.0 40.7 100.0 56.5

Table 1 Summary of Audit results

As can be seen from this data, no studies had asteried doses greater than 100% or
less than 80 % of the PLDRL.

A total of 20 studies carried out fell outside 8@®% limit. These included 4 dynamic
kidney scans and 16 static kidney scans.

Inspection of the injection box labels and decayemiion of the activities thereon to
the intended and actual injection times revealed, tih theory, activities would have
fallen within the 90% limit if they had been injedtat their intended times for 11 of
the studies. One study’'s injection box label didt montain activity and time
information from the radiopharmacy department. Tdidda was obtained from the
radiopharmacy department’s documentation.

A second study’s injection box label did not cont#he actual injection time. This
information could not be found anywhere else. Agglag the time of administration
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of a dose is an important part of administratioomcpdures this presents an error and it
cannot be known whether administration was delaged if so by how much.
Without this information an activity decay correcticannot be made to the time of
injection.

It was found by decay correction of the activitiesn the predicted injection times to
the actual injection times that 11 of the studeds dutside of the 90 % limit. It was
also found that the activities of 8 of the studsé®uld have fallen within the 90%
limit. These failures are possibly due to a comtiamaof delayed injection time and
residue in the syringe.

Of the 8 non-time failure cases, residue countddcoaly be found for 3 cases. Of
these 3 cases it was found that residue activitghen syringe accounted for the
administered activity falling short of the 90 % iinin 2 cases. The cause of the
shortfall in the third case is unknown and extenthe effect of the syringe residue
activity cannot be estimated in the remaining ®esas

In summary, of 46 scans:
* 46 within 80 — 100 % of PDRL
e 26 within 90 — 100 % of PDRL
» 20 fell short of 90 % limit
0 11 due to delayed injection time
0 2 due to syringe residue and delayed injection time
0 1 not explained by combination of syringe residod @jection time
alone
o0 5 with no residue activity information
o 1 with no injection time information but would hapassed if residue
activity was added
* 0 exceeding 100% limit
* 1 case radiopharmacy information not present oectign box label, though
this information found in radiopharmacy documents.

Break down of Passes and Fails (and reasons)
for 90 - 100 % PDRL

@ Passed

m Time Only Failed
OResidue Only Failed

O Residue & Time Failed
m Other Failed (no residue

info)
@ Unknown Failed
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Discussion

While there are a number of gaps in the informatemorded (i.e. the missing residue
activities and injection time) it is recognised ttheew referral forms have been
implemented in the department since the periodrealviy this audit. These forms are
structured in such a way as to group all requirezhsurements and recorded data
together. This should make missing information motavious at the time of
completion of the form and thus reduce the occeeent omission of such data in
future. The largest contributor to doses fallinghout the 90-100% limits is delayed
injection times. These delays are often incurred tlu difficulties with inserting
venflons into paediatric patients. These procedarescarried out by staff in the
paediatric ward and are beyond the control of tlel®éar Medicine department. As
the activity of the radiolabelled pharmaceutical dalculated to the planned
administration time, delays in administration catise administered activity to be
lower than planned due to radioactive decay.

It should be noted, however, that the doses coresidim this audit meet the limits
suggested by ARSAC and any failures are only watpect to the department’s own,
more stringent, limits.

Actions to be taken
No action is required, but it is recommended thatia staff discuss the possible
alteration of the time between insertion of the fimmand planned administration
time. Increasing the time allowed between thesentsvenay help to buffer any
unexpected delays.
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7.2 NPL Calibration

The Nuclear Medicine department’s dose calibratwes calibrated annually against
the National Physical Laboratory (NPL) primary stard to ensure that the activity
measurements made by them are accurate. Calilsaiencarried out for each of the
isotopes used by the department on a rotafiSiic is calibrated for each year along
with a selection of other, less often used, isao@ring my placement in Nuclear
Medicine | was asked to organise and carry out Bh Bhlibration as a project. This
involved liasing with NPL, a licensed radioactiveaterials carrier, the Radiation
Physics department of This hospital, the radioplaasmand the Nuclear Medicine
laboratory section staff.

The calibration took place over the course of 3sddy involved measuring the
isotopes concerned in the department’s calibradasthen sending them to NPL to
be measured. The two sets of measurements wereacethand adjustments made as
required.

The outline of the process is as follows:

Day 1: Isotopes (other thaf®™Tc) arrive and are measured in
calibrators.

Day 2: %mre supplied by radiopharmacy and is measured in
calibrators. All isotopes are packaged up and fipdi by
carrier.

Day 3: Isotopes delivered to NPL by 12 noon andvdigtmeasured.

NPL results are provided with times and dates chsueements within a few
weeks.

It was decided to us8™c, ’Ga,*®y and*®} for the calibration.

NPL request activities of more than 50 MBq refeezh¢o midday on the day of

delivery, if possible, (the lowest activity accapts 10 MBq), for measurement in

their calibrator. The radiopharmaceutical comparitest provide the isotopes not

supplied by the radiopharmacy (i.e. AStTc) have set activities they can supply. The
combination of these two factors lead to the denioif what activities were to be

used in the calibration. This decision was maderafbnsultation with the senior

technician of the laboratory section.

Quotes were obtained from the radiopharmaceuticahpanies (through the lab
section technician) to supply the three non-Tcages, for the carrier to deliver the
isotopes from this hospital to NPL, and for NPLperform the calibration. These
guotes were given to the head of department foromah A start date of the
calibration was decided on through discussion \ifith parties involved that was
suitable. This depended on the availability of N&&ff on the third day to carry out
the calibrator measurements, carrier availabildaycarry out up-lift and delivery,
isotope availability and This hospital’s staff dadility.

In this particular case tH&Y could only be delivered on alternate Fridays, ¢agier

could not up-lift on a Wednesday and carry outviel the next day and NPL could
not have the delivery day on a Friday. This, faatiowith staff availability, required
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that Day 1 start on Monday 3May 2004. Once the date was agreed by all parties
and the quotes approved, the details were confinmtdthe appropriate persons. 580
MBq of **™Tc¢ was ordered from the radiopharmacy for Day 3 a.m.

On Day 1 the isotopes were unpacked and the paukdgpt for later use. The
isotopes were measured in each of the departmealilsrators three times with the
correct settings selected. A second set of measnmsnmwas made for each isotope
using the “other” button and the appropriate dmafactor. The date and time of each
measurement was recorded. Aseptic procedures whoevéd when working in the
blood labelling suite and aseptic suite in thegptdarmacy. The isotopes were stored
to be re-packaged using the original packaging an 2

On day 2 the®™c source was collected from the radiopharmacy medsured in
each of the calibrators. The isotopes were packafjespare set of packaging had
been kept from a previous delivery.

As the original packaging was used to re-package ritbn-Tc isotopes, it was
acceptable if they exceeded the limits for excepieckages and could be sent out as
type-A packages. This is due to the fact that thekpging they were delivered in
must have been sufficient for its classificatiohisTwas not true for th€™Tc sample.
As this was supplied “in-house”, the packaging wasde up in This hospital from
previous delivery packages. This hospital doeshawe the necessary QA program in
place to allow anything other than excepted packagde made up on site. Therefore
the source had to meet the criteria for an excepéattage (Radioactive Substances
(Road Transport) Regulations 2002). These critdigéated a maximum activity of
400 MBq at the time of up-lift.

The packaging procedures provided by the Radiaitrysics department were
followed and a member of radiation physics staffesuised the process. The surface
dose rate and dose rate at 1 m were measuredthgirgmart lon monitor. The dose
rate at 1 m in mSv was multiplied by 100 to give thansport index (TI) of each
package in accordance with Radioactive SubstariRead Transport) Regulations
2002. Surface contamination monitoring was caraetlon the packages. The surface
dose rate and activity at time of up-lift were useddetermine the classification of
each package. ThEY and °°Y were sent as type-A packages, while tf@a and
%9Mrc were sent as excepted packages.

Each package was labelled as appropriate underrabelations, with isotope,
chemical form, activity, Tl, date, package type l&ssification, and surface dose rate
where required. Consignor notes were prepareddfilh and then signed by the
supervising physicist and the carrier.

A spreadsheet was prepared for each calibratoarong the measured activities of
each isotope under each setting along with datetiared The averages of each of set
of three measurements were taken and referenctie tmid-point time of the three
measurements. The NPL measured activities and toheseasurement for each
isotope were entered into the spreadsheet. Eateddveraged local measurements
was decay corrected to the times of the NPL measmts and the percentage
differences calculated. Factors were also calatdlat® correct local measured
activities to those measured at NPL. These arengivéhe tables in fig 7.2.1.
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Machine |Tc Button % diff Factor Machine Tc Dial-in % diff Factor

HLL 15R -2.97 1.0297 HLL 15R

HLL 120 -2.79 1.0279 HLL 120 -2.9670 1.0297
IDG -5.69 1.0569 IDG

Imaging -2.63 1.0263 Imaging -2.7886 1.0279
Blood Lab -2.66 1.0266 Blood Lab

Aseptic -1.56 1.0156 Aseptic

Machine |Ga-67 Button % diff Factor Machine Ga-67 Dial in % diff Factor

HLL 15R -0.33 1.0033 HLL 15R

HLL 120 2.46 0.9754 HLL 120 1.9653 0.9803
IDG -0.91 1.0091 IDG

Imaging Imaging 0.4379 0.9956
Blood Lab -0.23 1.0023 Blood Lab

Aseptic -0.76 1.0076 Aseptic

Fig 7.2.1. Summary tables of percentage differermrescorrection factors fof™Tc
and®’Ga for each calibrator. (Blank spaces mean thimoptas not applicable).

Once the correction factors were calculated newbredion factors could be found.
For this, a radioactive source was placed intocilérator. The activity measured
was multiplied by the correction factor to acquifee true activity. Different

calibration factors were tried on the calibratotilthe true activity was achieved.

For example, the activity measured with the HighvdleLaboratory (HLL) 15R
calibrator was 72.5 MBq when using the Tc buttoaligcation factor 81). The true
activity was therefore given by 72.4*1.0297 = 7MIBq. Using a calibration factor of

76 with the source in place gave an activity o6MBq. The Tc button was therefore
reprogrammed to use a calibration factor of 76sMas carried out for each isotope
on each machine. Where dial-in factors were usedlial-in factor was changed on
the list on the calibrator.

Note: HLL is High Level Laboratory
IDG refers to the ImmunoDiagnostic Group
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7.3 Risk Assessment for Staff performing unsealedadioisotope
manipulations within the Nuclear Medicine Imaging Sction

| was asked to draw up a radiation risk assessaemequired byManagement of
Health and Safety at Work Regulations 1992, reguiaB, paragraph 3(bjeferred to

in IRR99, regulation 7, paragraph. AVhat follows is the full text of the risk
assessment.

Reason for risk assessment

To determine whether adequate controls are in glacie manipulation of unsealed
radioisotopes by staff in the nuclear medicine imggTo ensure compliance with
dose limits and constraints for staff involved, aaréas used. This risk assessment
considers only doses arising during, or as a direstlt of, manual handling of
unsealed radioisotopes performed in nuclear mesgligmaging section (e.g. not
including exposure from patient during course stan).

Procedures involved

Creation/loading of phantoms by scientific staffQ& tests.

Adjustment of doses by technical staff prior teestjon.

Administration of doses by technical staff (in@librator measurement of doses).
Handling of unsealed sources in other QC testdy(dmiods, centre of rotation &
calibrator linearity testing).

For ease this report will be separated in 3 sestiBatient Administrations, Phantoms
and Other QC.

1. Patient Administrations

Area

Camera Rooms P7 163, P7 164 & P7 168; Administtdoom P7 157b;
Radioisotope Lab P7 170 and Bed & Chair Waitinga®oé Nuclear Medicine
Imaging OP5A.

Description of Work

Scanned patients are administered a dose of alabetied with a radioisotope, often

by injecting. Doses are contained within a syringigpplied in a syringe shield in a

lead shielded injection box. The syringe activity measured in the isotope
laboratory’s dose calibrator (for this the syringebriefly unshielded). The dose is

then taken to the camera room or injecting roorbednjected into the patient by a
technician (exception of tetrofosmin stress stydideere the dose is administered by
the consultant clinician in the bed waiting arét)e syringe shield remains in place
during administration. The most common high dosass the bone scan, which uses
600 MBq**™Tc-MDP.

Sources of radiation
99Mrechnetium, which emits 140 keV gamma radiation.
Half-life 6.02 hr
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Hazards (Radiation Accident)

Hazards may arise from injection of small volumé8@mTc. Extremity and external
whole body exposures occur during handling of tiienge during injection and
measurement in dose calibrator.

Staff involved
Nuclear medicine technical imaging staff (8 tecrkamns) and medical staff.

Doses
The total doses per year associated with each gafupersons involved in
administration of dose are as follows.
Clinicians:  External Whole Body = 0.41LBv
Extremity =6.49 mSyv

Technicians: External Whole Body = 6.p8v
Extremity =103.38 mSv

Details of the determination of these doses arergin the dose calculations section
of the appendix. Technician doses given are péniemn average over 9 technicians.
Clinician doses given are per clinician averageer @clinicians.

2. Phantoms
Area
Gamma camera rooms P7 163, P7 164 & P7 168 andiRaitipe Laboratory P7 170

Description of Work
SPECT, Shell & Contrast phantoms and line soureaam us€®™Tc sources made
up from a’®Mo generator in the Aseptic suite of the radiophasyn

SPECT (Jaszczak) phantom is loaded with activithhenRadioisotope laboratory and
mixed. It is then taken through to the camera rothm test set up and left to run over
night. The room is closed and entry prohibited luhe next day. Phantom is moved
back to the radioisotope lab the next morning alatqul behind the lead wall to
decay.

Shell & Contrast phantoms are loaded in the radiofge laboratory from the same,
shielded, source syringe. Half is loaded into eatthe phantoms, which are then
mixed and taken through to the camera room.

Line source phantom consists of 5 parallel glasgedu which are loaded from a
shielded syringe in the radioisotope laboratorye fnantom is then taken into the
camera room for the test. The test procedure imgoliting and moving the phantom
several times.

131 calibration tests are in two forms. Firstly, Gisges of varying activities, made up
in the laboratory section, with an average activity5 MBq. During the test the
syringes are, in turn, removed from the trolleyseried into the neck phantom,
imaged and then returned to the trolley. Directtaonis with the 5 unshielded
syringes lasting for 2 minutes in total. The secor@thod uses two saline bags loaded
with 34. This is a new calibration method without a fotmaitten procedure as yet,
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which may or may not be permanently adopted. Thesethe risk assessment is
based on the quantities and structure of the exgeerti as performed. The bags
contained 50 and 250 MBq 6. They were made up in the laboratory and delidere
to the axis gamma camera room in a shielded trollagy were removed and imaged
individual and then jointly. The total handling #mvas approximately 1 minute.

Sources of radiation
99Mrechnetium, which emits 140 keV gamma radiation.
Half-life 6.02 hr

3Y0dine, which emits 360 keV gamma radiation ghparticles with Fax = 0.61
MeV.
Half-life 8.01 days

Hazards (Radiation Accident)
Hazards may arise from loading phantoms and mahnaadlling while performing
tests.

Staff involved
Nuclear medicine scientific staff. (Currently 1 gloist carries out all phantom QC
tests described here).

Dose Assessment
The physicist’'s annual doses from manipulating atesksources in the tests outlined
above are:

External Whole Body = 11 4Sv

Extremity =8.79 mSv

Details of the determination of these doses aremgin the phantom dose calculation
section of the appendix.

3. Other QC

Area
Camera Rooms P7 163, P7 164 & P7 168; RadioisdtapeP”7 of Nuclear Medicine
Imaging OP5A.

Description of Work

Daily floods — Three sources 3f"Tc are made up in the radiopharmacy each day and
are used as provided. The sources are in syringgegmive in injection boxes. The
camera detectors are set-up, without the collinsatorplace and the each source
placed along the mid-line of the detectors at gadise of 5XFFOV. At the end of the
tests the syringes are returned to the injectiokeboThe syringes are unshielded
during positioning and throughout the tests.

Centre of Rotation (CoR) — Thré&"Tc sources are provided by the radiopharmacy

each week. Two are used as provided; the thirdesl tio load the 3-point jig for the
Axis system. The first two positioned in the fietif view of the detector(s)
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unshielded. The tests are performed, after whieh, syringes are re-shielded and
returned to the injection boxes. The 3-point jigpaded from the third CoR source in
the radioisotope laboratory in the imaging sect©nce loaded the jig is carried into
the Axis camera room and set-up for the test.

Calibrator linearity — A source of 3 GBq is providby the radiopharmacy in a P6
vial. It is measured in the dose calibrator apprately 4 times a day for 5 days. Each
measurement session consists of 3 individual measants.

Sources of radiation
99Mrechnetium, which emits 140 keV gamma radiation.
Half-life 6.02 hr

Hazards (Radiation Accident)

Hazards may arise from injection of small volumésmall volumes of 99mTc in 3-

point jig loading for Axis CoR. Extremity and extat whole body exposures occur
during handling of the syringe during positioningr fdaily floods and CoR and

measurement in dose calibrator for dose calibiatearity.

Staff involved

Nuclear medicine technical imaging staff and sdiergtaff.

9 imaging technicians and 1 physicist carry oulydéods.

1 physicist carries out CoRs

Usually a trainee physicist carries out calibrdioearity test. (Person changes each
year)

Dose Assessment
The total doses per year associated with each grbpprsons involved in these QC
tests are as follows.
Physicist: External Whole Body = 9.13v
Extremity =12.66 mSv

Technician:  External Whole Body = 0.28v
Extremity =4.43 mSv

Details of the determination of these doses arergin the dose calculations section
below. Technician doses given are per technici@name over 9 technicians.

Exposed Groups and Dose Constraints

The staff considered in this assessment are alitrad (non-classified) workers over
the age of 18 years. Dose constraints for radigtion-classified) workers are; 6 mSv
whole body, 150 mSv extremity.

Assessment of Total Annual Staff Doses
The total annual doses for each group for all &ats considered above are:
Clinician: Whole Body = 0.41uSv
Extremity = 6.49 mSv

Technician: Whole Body = 6.832Sv
Extremity =107.81 mSv
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Physicist: Whole Body = 20.51Sv
Extremity =21.48 mSv

The worst contamination doses'df and®*™Tc from a single incident will be:

9Mre — Loading Axis CoR jig

Whole Body dose = 11.485v

Skin dose = 14.76 mSv from 90 MBq deposited Bioi®f area
134 _ Whole body**Yi Axis calibration

Whole Body dose = 9.1iSv

Skin dose = 27 mSv from 90 MBq deposited on 25 area.

The staff dose constraint of 50 mSv for a singtédent in not exceeded

Control Measures

All staff wear protective gloves & clothing whenrfting unsealed sources.

Self monitoring is carried out regularly to check &ny contamination.

Shielding is used wherever practicable to redug®sures by attenuation.

Staff minimise their contact time when handling ealsd sources and ensure that
sources are handled at a distance from the body.

Only qualified personnel handle unsealed sources.

Conclusion

It is recognised that the external whole body dgsesn above are a small percentage
of the annual staff doses. However, the technienemity doses calculated in this
risk assessment greatly exceed the known extregoges (from monthly and annual
monitoring). These calculated doses are an ovaerastn of the extremity doses
received by technical staff. It mainly arises frdme handling of patient doses when
measuring in the calibrator. The assumption thasains are bone scans is a worst
possible case scenario and the true average gctwiit be lower than this. Even
under these exaggerated conditions the extremigg gtll does not exceed the staff
dose limit.

Adequate measures are in place for the manipulafiomsealed sources.
Action to be taken

No further action is required at this point, howeveontinual assessment is
recommended as the workload of the imaging seaticnreases.
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8. Legislation

The Nuclear Medicine department is governed by maagepieces of legislation. In
addition to legislation applying to any workplaseich as Health and Safety at Work
Act 1974, are five specific pieces that apply doghe use of unsealed radioactive
material. There are three important items in thygslation. Firstly there are Acts and
Regulations, which are the legal requirements @rtbriginal form. These pieces of
legislation are written in legal terminology andyrze difficult to understand by a
layperson. The acts and regulations are interprgteguidance notes, such as the
Medical and Dental Guidance Notes (A good pradigiele on all aspects of ionising
radiation protection in the clinical environmenffhe guidance notes are not
mandatory but it is good practice to follow themhisr will ensure that the
requirements of the legislation are met. Finalyg kocal rules of a department are the
implementation of the legislation in the work pldceally.

ARSAC certificates

The Administration of Radioactive Substances Adwigoommittee (ARSAC) is the
committee established to advise health ministergranting, renewing, revoking and
amending authorisation for individuals to admimistedioactive medicinal substances
to humans. This authorisation is given in the fasman ARSAC certificate. An
ARSAC certificate must be held for each type ofiwadclide procedure carried out in
the Nuclear Medicine department, under the Medgin@dministration of
Radioactive Substances) Regulations 1978 (MARSI*®.ARSAC certificate holder
must be a Practitioner (see IR(ME)R 2000 below)itied in working with radiation.
The certificate must be specific to the currerg sihd the Practitioner must be based
on-site to be the certificate holder. The certificholder is ultimately accountable for
authorisation of all procedures carried out undwer tertificate. This authorisation
may be carried out by named, medically qualifiegilth professionals as long as the
pre-arranged authorisation procedures are followed.

lonising Radiations Regulations 1999 (IRR99)
The presence of sources ionising radiation in tlpadment necessitates its
governance by and adherence to the lonising RadmtRegulations 1999 (IRR99).

IRR99 is in place to protect members of the pulilcluding non-occupationally

exposed members of staff) and radiation workerk vagards to ionising radiation. It
defines constraints on the annual doses receivegdrgons in the department,
according to their designation. Members of the jpuirlay receive up to 1 mSv per
year, whilst radiation workers may receive a maxmaf 20 mSv per year. Any

radiation worker receiving more than 3Mf@f their dose limit in one year must be
declared as a classified person.

IRR99 also states the requirement for designatioareas as public, supervised or
controlled.

The regulatory body for IRR99 is the Health & SgfEkecutive.
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lonising Radiations (Medical Exposures) Regulation2000

In both sections of the Nuclear Medicine departmeadioactive pharmaceuticals are
administered to patients. They therefore undergdicae exposures, which must be
subject to the lonising Radiations (Medical Expesir Regulations 2000

(IR(ME)R2000).

IR(ME)R 2000 defines three types of people involweth a medical exposure. These
are Practitioners, Operators and Referrers.

In Nuclear Medicine:

Practitioners are registered medical practitiondiduclear Medicine
consultants). They are the ARSAC certificate hader

Operators are entitled to carry out practical atgpeca medical exposure.

Referrers are registered medical practitionersaedentitled to refer patients
to the practitioner for a medical exposure.

This NHS Trust has a “Policy for the implementatioh IR(ME)R2000”, which
dictates who may perform which duties (by professand grade). The Nuclear
Medicine department keeps local records of indigldstaff members authorised to
perform these duties.

The objective of IR(ME)R2000 is to protect persanglergoing medical exposures to
ionising radiation. This is achieved through twoimarinciples, defined in and
required by the regulations. These are Justifinaiod Optimisation. The former
requires that a diagnostic procedure should onlycdreied out using exposure to
ionising radiation if the same information cannat bbtained by methods not
involving ionising radiation exposures and where bienefits outweigh the detriment
posed to the individual by the exposure. The lattguires that the dose resulting
from a medical exposure be kept as low as reasppahtticable whilst obtaining the
required information or therapeutic effect. ThisniBy the quality assurance system
and QC checks are necessary. A camera system wgkhlévels of noise would
require higher doses to achieve the same qualitgatd or a repeat of the study.
IRMER also requires that written procedures betexkéor all tasks carried out.

In Scotland the regulatory body for IRIME)R200Ghe Scottish Executive’s Health
Department.

Local Rules

Radiation employers are required, under IRR99 akeerand keep local rules intended
to restrict exposure to ionising radiation in colied and supervised areas and in the
event of a radiation accident. They are designedltov work with ionising radiation

to be carried out in the above areas, in accordavitte the regulations, while
restricting the exposure of individuals other thhea patient receiving the exposure.
Under IRR99 the local rules identify the radiatiprotection supervisor and their
duties, the rights and conditions of access torotatl and supervised areas by
different categories of members of staff and thewrayements for contamination
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monitoring of areas and personnel. They also direearrangements for dealing with
any contamination encountered in these cases.oda¢ lules may refer the reader to
other sources for more detailed information/indiams on a particular topic, such an
operational procedures manual for working protac®lsere must a periodic review
for updating the local rules and it must be ensuad all members of staff working

in the department are aware of and understand thése and any amendments to
them. A programme of review of the received dodesulsl also be included in the

rules to determine whether they are As Low As Really Practicable (ALARP) and

effect any procedural changes necessary as a ofshis review.

Radioactive Substances Act 1993 (RSA93)

This act governs the storage of radioactive substwmnd disposal of radioactive
waste by the department. Storage is subject toficatéd holding limits. Records
must be kept of all radioactive substances commg and leaving the department.
Storage requirements for solid radioactive wassgesthat containers used to store
active waste are labelled with all the isotopesdealisposed of in it (with half-life),
the start date, end date and activity at the emel dédis hospital’s Nuclear Medicine
department has a certificate, which states the hprimits of disposal for each
radionuclide. Waste from the Nuclear Medicine dépant at this hospital is disposed
of by incineration in Sheffield. A certain quantiby liquid waste may be disposed of
via the hospital drainage system. Records mustelpé ¢&f quantities disposed of by
this method including estimates from excretion hyignts in hospital toilets. RSA93
is regulated by the Environment Agency in England &ales and by the Scottish
Environment Protection Agency (SEPA) in Scotland.

A key difference between radioactive disposal is tiegion compared to that in the
rest of the UK is in its approach to clinical waste this region all clinical waste

associated with the use of radionuclides is assumée radioactive. In England it is
assumed that ™Tc is the used, then clinical waste can be allotwedecay and then

be disposed of as household waste.

Radioactive Materials (Road Transport) Regulations

On occasion it is necessary for the departmentramge for transport of radioactive

materials to other institutions. These materialsinine properly packaged, monitored
and labelled according to isotope-type and activitye requirements are covered by
the Radioactive Materials (Road Transport) Regofeti An example of their use can
be found in section 7.2, in which radioactive sesravere dispatched to NPL in

Teddington using these regulations.

Medicines Act

As the radionuclide procedures involved the adrrai®n of pharmaceuticals, the
department is also covered by the requirementshefMedicines Act 1988. The
amended Medicines (Administration of RadioactivebSances) Regulations 1978
require the possession of authorising certific88dSAC certificates) for each type
of procedure involving administration of a radiophaceutical as mentioned above.
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9. Contamination Incident

During my placement in the Nuclear Medicine Depaitiima contamination incident
occurred. Under supervision by a physicist, | earrout the monitoring and clear up
of this incident. A copy of the contamination inerd report form has been included
in the appendix.

The incident occurred in the Axis gamma camera ralmng a tetrofosmin study.
The patient, having already received the radiodectiose, vomited during the study
contaminating the chest binding, bedding, pati@wrg and the floor. The area was
shut off to others to limit the spreading of anyt@mination. All those present in the
room wore gloves and lab coats. The patient’s gose removed and changed and
the patient was removed from the room. The pasegtwn, chest binding and
bedding were monitored with a mini-monitor 900 @mnination monitor and their
counts recorded. These articles were depositedlyetnene bags and placed behind
the lead castle in the radioisotope laboratoryjdgoay. The floor, couch and camera
heads were also monitored. The couch and camera ¥feemd to be clear of
contamination, while the floor contained a pool l@fuid in an extended area
immediately around the couch and spots over an-arkan x 1.5 m. The counts in
this area were recorded. The liquid was then caveiiéh absorbent tissue. This was
also placed behind the lead castle in polyethems.bafterwards the floor was re-
monitored and the counts recorded. After declaritte area sufficiently
decontaminated House Keeping staff were alloweahap the floor before the room
was returned to normal use.
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Appendix
Risk Assessment Dose Calculations

The dose estimates have been calculated from kramiwities, estimated exposure
times and activity-dose conversion fact6fs

Administration Doses

Dose Calculations

Assumption: 7000 scans per year and scans aredskgrally between 9 imaging
technical staff. Tetrofosmin stress scans areddeaéparately in administration dose
calculations as these are delivered by clinicidd®(Q scans per year).

Calibrator measurement of doses
All scans assumed to be bone scans
Unshielded syringe containing 600 M&4'Tc-MDP
Total exposure and contact time approximately Disés
Exposure distance 1 m

External dose (1 scan) = 2.24X¥600%(2/3600) = 7.47 x18 mSv
External dose (per technician per year) = 7.47%7000/9 = 5.81x13 mSv

Extremity dose (1 scan) = 0.354*600*2/3600 = 0.1i8v
Extremity dose (per technician per year) = 0.1180/0 = 91.78 mSv

There is no contamination, as cap is not removed.
Not volatile form of compound, therefore no int@rradiation hazard.

Administrations (Technicians)
5900 Bone scans
Shielded syringe containing 600 MBY'Tc-MDP
Total exposure time of syringe ~ 30seconds
Exposure distance 1 m
Shield circa 99 % attenuation

External dose (1 scan) = 2.24X¥600%(30/3600)*0.01 = 1.12xI®mSv
External dose (per technician per year) = 1.12%8900/9 = 7.34x1d mSv

Extremity dose (1 scan) = 0.354*600*(30/3600)*0:00.0177 mSyv
Extremity dose (per technician per year) = 0.05800/9 = 11.60 mSv

Contamination — external dose
Assuming 10 % release onto bench surface duispedsing, 60 MBq
Small volume, therefore “point source” type spill
Deep tissue dose rate = 2.61%1ASv/h at 30 cm.
Exposure time 30 minutes (i.e. max. durationcaing
Extremity = 2.61x13*60*(30/60) = 7.83x10 mSv

Contamination — skin dose
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Assume 5 % (30 MBq) release onto 25°camea of skin, i.e. 1200
kBg/cnt.

Exposure time 2 minutes

Skin dose rate 0.246 mSv/h (per kBgftm

Skin dose = 0.246*1200*2/60 = 9.84 mSv

Administrations (Clinicians)
1100 tetrofosmin stress scans
2 clinicians share stress administration sessions
Shielded syringe containing 400 MBq tetrofosmin
Total exposure time of syringe ~ 30seconds
Exposure distance 1 m
Shield circa 99 % attenuation

External dose (1 scan) = 2.24X*¥@00%(30/3600)*0.01 = 7.47x10mSv
External dose (per clinician per year) = 7.47%10.00/2 = 4.11x184 mSv

Extremity dose (1 scan) = 0.354*400*(30/3600)*0:00.0118 mSv
Extremity dose (per clinician per year) = 0.017100/2 = 6.49 mSv

Contamination — external dose
Assuming 10 % release onto bench surface duispedsing, 40 MBq
Small volume, therefore “point source” type spill
Deep tissue dose rate = 2.61%10Sv/h at 30 cm.
Exposure time 30 minutes

External whole body = 2.61xT040%(30/60) = 5.22x1G mSv

Contamination — skin dose
Assume 5 % (20 MBq) release onto 252camea of skin, i.e. 800
kBg/cnt.
Exposure time 2 minutes
Skin dose rate 0.246 mSv/h (per kBgftm

Skin dose = 0.246*800*2/60 = 6.56 mSv

Adjustment of Patient Dose
Carried out in a lead shielded handling box withrgye shield in place.
Manipulation is carried out over absorbent papex drip tray.
Dose adjustment is rare.
Assume 1 case per week, bone scan 600 MBg (wass).c
Total time for adjustment 2 minutes.
Shielding circa 99 % attenuation.

External dose (1 session) = 2.24%1600%0.01*(2/60) = 4.48x18 mSv
External dose (per technician per year) = 4.48%30/9 = 24.9x1¢ mSv

Extremity dose (1 session) = 0.354*600*0.01*(2/6@).0708 mSv
Extremity dose (per technician per year) = 0.07@835 0.39 mSv
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Contamination — external dose
10 % release on to surface in box, 60 MBqg.
Deep tissue dose rate = 2.61%10Sv/h at 30 cm
Exposure time ~ 4 minutes.
Shield circa 99 % attenuation

External = 2.61x16*60*0.01*(4/60) = 10.44x18 mSv

Contamination - Skin dose
Assume 5 % (30MBq) release on to 25%camea of skin, i.e. 1200
kBg/cnt.
Exposure time 2 minutes
Skin dose rate 0.246 mSv/h (per kBgfgm

Skin dose = 0.246*1200*2/60 = 9.84mSv

Phantom Doses
Dose calculations

SPECT Phantom
Phantom contains 500 MBg™Tc
1 physicist
Direct contact and exposure time = 3 minutes
Exposure distance 1 m
Direct contact with 1 % of phantom (affects extitgronly)
Test frequency = 3 cameras, 4 times per year /yrl2

External dose (1 session) = 2.24X1800*(3/60) = 5.6x10 mSv
External dose (per year) = 5.6Xt02 = 6.72x10° mSv

Extremity dose (1 session) = 0.354*500*(3/60)*0-00.0885 mSv
Extremity dose (per year) = 0.0885*12 = 1.06 mSv

Shell & Contrast Phantoms
Phantoms contain total of 150 MBY'Tc
1 physicist
Total direct contact and exposure time = 5 minutes
Exposure distance 1 m
Direct contact with 5 % of phantoms (affects extity only)
Test frequency = 3 cameras, 3 times per year = 9/y

External dose (1 session) = 2.24X1060%(5/60) = 2.8x10 mSv
External dose (per year) = 2.8%t9 = 2.52x10° mSv

Extremity dose (1 session) = 0.354*150*(5/60)*0:06.22125 mSv
Extremity dose (per year) = 0.22125*9 = 1.99 mSv

Line Source Phantoms
Phantoms contain total of 100 MBY'Tc
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1 physicist

Total direct contact and exposure time = 5 minutes
Exposure distance 1 m

Direct contact with 5 % of phantoms (affects extity only)
Test frequency = 3 cameras, 3 times per year = 9/y

External dose (1 session) = 2.24X1000%(5/60) = 1.87x1¢ mSv
External dose (per year) = 1.875t0 = 1.68x10° mSv

Extremity dose (1 session) = 0.354*100*(5/60)*0:08.0885 mSv
Extremity dose (per year) = 0.0885*12 = 1.06 mSv

134 syringe calibration
5 syringes contain average of 5 MB§
1 physicist
Total direct contact and exposure time (loading laandling) = 5 minutes
During loading procedure body is shielded by leasdtle. Other handling is
unshielded. Assume 95% body shielding
Test frequency = 2 per year

External dose (1 session) = 6.36X18%(5/60)*0.95 = 2.52x10 mSv
External dose (year) = 1.007x3@ = 5.04x10° mSv

Extremity dose (1 session) = 1.13*5*(5/60) = 0mM3v
Extremity dose (year) = 0.1883*2 = 0.94 mSv

131 bag calibration
Set up uses combination of bags
Average of 200 MBq per bag handling.
1 physicist
Total direct contact and exposure time = 1 minutes
Unshielded
Assume 50% contact with bag.
Test frequency = 2 per year

External dose (1 session) = 6.36%1200%(1/60) = 2.12x1¢ mSv
External dose (year) = 2.12x}¥® = 4.24x10* mSv

Extremity dose (1 session) = 1.13*200*(1/60)*0.5.883 mSv
Extremity dose (year) = 1.883*2 = 3.77 mSv

Contamination — external dose
99m-|-C
Assuming 10 % release onto bench surface duoadihg of SPECT,
50 MBq
Small volume, therefore “point source” type spill
Deep tissue dose rate = 2.61%10Sv/h at 30 cm.
Exposure time 30 minutes
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External whole body = 2.61x1€60%(30/60) = 6.53x10 mSv

131|

Assuming 10 % release onto bench surface froim thage bag,
25 MBq

Small volume, therefore “point source” type spill

Deep tissue dose rate = 7.29%10Sv/h at 30 cm.

Exposure time 30 minutes

External whole body = 7.29xT25%(30/60) = 9.11x1G mSv

Contamination — skin dose
9mre
Assume 5 % (25 MBq) release onto 25%camea of skin, i.e. 1000
kBg/cnt.
Exposure time 2 minutes
Skin dose rate 0.246 mSv/h (per kBgfzm

Skin dose = 0.246*1000*2/60 = 8.2 mSv

131|

Assume 5 % (12.5 MBq) release onto 25°amea of skin, i.e. 500
kBg/cnt.

Exposure time 2 minutes

Skin dose rate 1.62 mSv/h (per kBgfgm

Skin dose = 1.62*500*2/60 = 27 mSv

Other QC

Daily Floods
Unshielded syringes contain average of 30 MBfc
9 technicians & 1 physicist
Direct contact and exposure time = 20 seconds
Exposure distance 1 m
Test frequency = 3 cameras, 5 times per week #585 750 /yr

External dose (1 session) = 2.24X1B0*(20/3600) = 3.73x18 mSv
External dose (per year) = 3.735t050/10 = 2.8x1d mSv

Extremity dose (1 session) = 0.354*30*(20/360@).659 mSv
Extremity dose (per year) = 0.059*750/10 = 4.425vm

There is no contamination, as cap is not removed.
Not volatile form of compound, therefore no in@rradiation hazard.

Centre of Rotation
Millennium & Maxxus
2 unshielded syringes containing 20 MBETc each (1 per test)
1 physicist
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Direct contact and exposure time = 15 seconds
Exposure distance 1 m
Test frequency = 2 cameras, Once per week = 100/yr

External dose (1 session) = 2.24X1P0*(15/3600) = 1.87x18 mSv
External dose (per year) = 1.875¢¥000 = 1.87x10' mSv

Extremity dose (1 session) = 0.354*20*(15/360®).6295 mSv
Extremity dose (per year) = 0.0295*100 = 2.95 mSv

There is no contamination, as cap is not removed.
Not volatile form of compound, therefore no int@rradiation hazard

Loading 3-point jig Axis CoR
1 shielded syringe containing 900 MB§Tc
1 physicist
Direct contact and exposure time = 30 seconds
Exposure distance 1 m
Test frequency = Once per week = 50/yr
Shield circa 99 % attenuation

External dose (1 session) = 2.24X1900*0.1*(30/3600) = 1.68x1® mSv
External dose (per year) = 1.68%t80 = 8.4x10° mSv

Extremity dose (1 session) = 0.354*900*0.01*(3@A%= 0.02655 mSv
Extremity dose (per year) = 0.02655*50 = 1.33 mSv

Contamination — external dose
Assuming 10 % release onto bench surface durindingaof jig, 90
MBq
Small volume, therefore “point source” type spill
Deep tissue dose rate = 2.61%10Sv/h at 30 cm.
Exposure time 30 minutes

External whole body = 2.61x1€90%(30/60) = 11.75x10 mSv

Contamination — skin dose
Assume 5 % (45 MBq) release onto 25%camea of skin, i.e. 1800
kBg/cnt.
Exposure time 2 minutes
Skin dose rate 0.246 mSv/h (per kBgfzm

Skin dose = 0.246*1800*2/60 = 14.76 mSv
Calibrator Linearity test

The test is carried out over 5 days. The activégays with a half-life of 6.04
hours. An average activity is therefore used caleual by equation 7.4.1.
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A=A bt
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(tz _t1)/‘
tl is the start of the calibration (9 a.m. on thenday) = 0 hrs
t2 is the end (5 p.m. on the Friday) = 104 hrs

A, is the initial activity of°*™Tc = 4 GBq
A= Ln2/T1/2

Equation 7.3.1

The average activity for the calibration is theref335 MBq
Source is in unshielded, 10 ml P6 vial during measent.

1 physicist

Direct contact time = 2 minutes (2 seconds persm@&ment)
Exposure distance =1 m

Test Frequency = once per year for calibratomaging section

External dose (per year) = 2.245¥835*(2/60) = 2.50x10 mSv
Extremity dose (per year) = 0.354*335*(2/60) =3r@Sv

There is no contamination, as vial cap is not resgov
Not volatile form of compound, therefore no int@rradiation hazard
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Contamination Incident Report
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