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Decay of M0-99/Tc-99m

¢ The Mo-Tc generator
is at the very edge of
secular equilibrium

Radionuclide
generators are —

attractive in nuclear Yranstion, 7, =6.01h
medicine

e Tc-99 is essentially
stable in this context

Available Surplus Capacity

« Global reactors could not offset the supply shortage of an NRU or
Petten shutdown and would struggle to offset SAFARI

Mo-99 Production & Average Surplus Sustainable
Deliverable Capacity
(% of expected 2009 Global Demand)
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Why Is There a Tc-99m Shortage?

Nuclear Medicine in the US

« Single photon imaging remains the
workhorse of imaging in the world

» The US performs 20 million procedures
per year for its patients; 18 million are
SPECT. Tc-99m is used in 80 percent or
16 million of those imaging procedures.

» The US market relies largely on two
reactors for its entire stock of
generators, one in Canada and the other
in the Netherlands

Tc-99 Global Distribution Channels 2009 Al Mesting

Five nuclear reactors serve global demand through f  our distribution
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New Supply of Mo-99

* Institute of Atomic Energy In Poland’s (IAE
POLATOM) Maria Research Reactor
(Maria) has agreed to produce M0-99 to
help augment the world’s supply.

» The addition of Maria to the supply chain
will allow for 1 million additional patients
worldwide.

» Mo-99 from Maria for production of

generators used in the US is pending FDA
approval.

Nuclear Medicine Diagnostic

Nuclear Medicine Imaging by site

Thallium-201 thallous chloride
Physical Properties

» Physical half life= 73.1 Hours
* Biological half life= 56 Hours

American Medical Isotopes
Production Act of 2009 HR 3276

The act promotes US production of Mo-99
for medical isotope manufacturing, while
also phasing out export of HEU for
medical isotope production.

Passed the House of Representatives

Currently moving through the Senate
review process

Thallium-201 thallous chloride
Physical Properties

Cyclotron produced

Potassium (K+) analog

Decays by electron capture to Mercury-
201

TI-201 emits two gamma rays of
135(2.7%) and 167 (10.0%) keV

Mercury X-ray of 68 to 80(94.5%) keV.

Biodistribution

Thallium is substituted for Potassium in
living cells (active transport)

Biodistribution is proportional to organ
blood flow at the time of injection

Myocardial uptake = 4 to 5 % of injected
dose

first pass extraction fraction = 85%



Biodistribution

 Thallium blood clearance is primary by the
myocardium, kidneys, thyroid, liver and
stomach.

TI-201 exercise stress imaging

Imaging should begin 10 minutes after
termination of exercise because
myocardial clearance begins shortly after
initial uptake.

TI-201 clearance is slower with
pharmacologic stressors.

Repeat images at rest are acquired 2.5 to
4 hours post stress.

Thallium Redistribution

Eventually, the thallium concentrations in
viable myocardial cells will reach a state of
equilibrium.

Defects on the immediate post stress
images that fill in (redistribute) on the 4
hour images are considered ischemic.
Fixed defects may be considered
infarction or hibernating but may need a
24 hour or reinjection study.

Exercise Stress Imaging

» TI-201 is injected at peak exercise and the
patient continues to exercise for an
additional 1 to 2 minutes to maintain
maximal hyperemia until the isotope has
cleared from the systemic circulation.
90% of the TI-201 is cleared within
minutes post intravenous injection.

Thallium Redistribution

Thallium’s distribution in the myocardium
is not stable.

It does not remain fixed in the
myocardium. It continually exchanges
with new thallium in the systemic
circulation.

Thallium washes out of the non ischemic
areas faster than the ischemic areas.

Redistribution imaging

Redistribution results from the slower
clearance of TI-201 in hypoperfused
regions than from normal regions.

This is considered evidence of potentially
ischemic but viable myocardium.
Incomplete redistribution at 4 hours does
not necessarily imply scar.




Redistribution Delayed redistribution imaging

Redistribution may take longer than 4 » The time per projection should be

hours in patients with severe coronary increased to avoid poor image quality on
stenosis or occluded coronary arteries delayed redistribution images.

supplied by collaterals.

24 to 72 hour imaging has been advocated

to allow greater time for redistribution to

occur to enhance the detection of viable

myocardium.

Patients with previous Mls Global dysfunction

In patients without previous Mls, the lack * In patients with CAD and global

of complete redistribution has little clinical dysfunction, only approximately 20% will
significance. It can be assumed that the have improved LVEF after CABG.

entire defect is viable. « Rest-redistribution and reinjection

The detection of viable myocardium in p/stress-redistribution can be useful in
patients with previous Mis is critically identifying viable myocardium in these
important. patients.

Relationship Between Tracer Uptake
Thallium and Myocardial Blood Flow

0-15-H,0
68 to 80 keV, 167 keV
85 % extraction fraction
Less roll off than the Tc-99m products
(starts at < 3ml/min/g)
Redistributes
Low uptake in adjacent organs in normal
patients
73 hour half life

Cyclotron Produced
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Thallium

* 6810 80 keV, 167 keV

« 85 % extraction fraction

* Less roll off than the Tc-99m products
(starts at < 3ml/min/g)
Redistributes

Low uptake in adjacent organs in normal
patients

73 hour half life
Cyclotron Produced

Thallium Protocols

Two Energy windows
70 keV (25% to 30% window)
167 keV (20% window)

180 degree orbit is standard

8 frames/cycle is recommended for gating

Step and Shoot acquisition
64x64 matrix

Still Good

TI-201
3.0-4.5 mCi REINJECTION**

STRESS ¢ REDIST LATE REDIS

STRESS _SPECT* | SPECT*
4HR 24 HR

_SPECT*

* Can be Gated

Thallium Protocols

» Low-Energy All Purpose Collimators-Std
(Low-Energy High Resolution-Alternative)

» Minimum Time/projection for SPECT-
32 projections-40 sec/projection
64 projections-25 sec/projection

TI-201
3.0-4.5 mCi REINJECTION**

i STRESS REDIST ¢ REINJECTION
STRESS ___ SPECT* /l [SPEETY _SPECT_

i
4 HR

Maybe the Best

T1-201
3.0-4.5 mCi
REST REDIST
i e

_SPECT*




Thallium protocols

* So what would be Bad?

Thallium dose chart
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The Bad

Using Thallium for obese or large breasted
patients. (Thallium photon attenuation
coefficient is approximately 20% higher
than Tc-99m)

Not dosing the patients by weight.

Delayed start of the ECT images post
stress.

The Very Bad

No redistribution images on fixed defects.
(re-injection images only)

No 24 hour or re-injection images on
patients that appear to have fixed defects
on 4 hour redistribution images

Not scanning the patient prone if there is a
fixed inferior wall defect
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