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Gamma Rays
(Nuclear Medicine)
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The key distinction
between nuclear medicine
and almost all other
iImaging modalities —
images may indicate
dynamic information —
function, not just structure




What is a radiopharmaceutical?

OA radionuclide (radloactlve and emits something we can detect,
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) A pharmaceutical (whlch gives the physiologic function)

For example, we attach technetium-99m to DTPA, which is
filtered by the kidney, to calculate glomerular filtration rate.

Or we can attach it to MDP, which is taken up by the bone, to
do a bone scan.



|deal diagnostic radiopharmaceutical

Pure Gamma Emitter
Alpha and Beta Particles are unimageable and deliver high
radiation dose

Energy of Gamma Rays
ldeal: 100 - 250 keV

99mTC, 123/} lllln

Suboptimal: < 100 keV
2017‘/

> 250 keV

6760, 131/
Photon abundance to minimize imaging time
High target to non-target ratio
Easily available
Suitable effective half life
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Radionuclide Production

Production Method

Characteristics

Cyclotron Reactor Reactor Generator
y (Fission) (Nuclear Activation)

Examples 201'|‘ 123| 18': 99MO 131| 125| 99m'|‘C GSGa




»9MTc (99-metastable-Technitium)

Most used radionuclide
Pure gamma radiation
140 keV energy level
Half life of 6 hours

90% photon abundance
Available

Cheap

Produced by a generator from Mo



Thyroid
Scintigraphy

9mTe-pertechnetate and 131



Indications

Low TSH
Diffuse toxic goiter (Graves’ disease)
Single toxic nodule

Toxic multi-nodular goiter
9y wor
Evaluate nodule (hot vs. cold)
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Radioactive lodine (RAl) is used for
thyroid uptake.

RAl is given orally

Follicular cell traps lodine and
organifys it to be incorporated with
thyroid hormone.

Uptake are obtained after 24 hours

Measure photons in the given RAl by a
special probe (uptake probe) just before
taking RAL.

After 24 hours, measure photons in the
neck (thyroid gland).

Calculate % of photons concentrated in
thyroid gland.

Norma range = 10— 30%
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Graves’ Disease

Also known as diffuse toxic goiter g{::::. n Exophthaimos
9w
o

Diffuse enlargement of thyroid symptoms
gland

: o Gorter

Homogeneous or diffuse uptake

Arrhythmia
No significant focal abnormalities -
(nodules) oo s il

{ motone! darrhea

24-hour RAIU is elevated, typically st
above > 30% (usually above 60%) Olioamencihies

[ fermale |
Confirmed by TSH Receptor Tremor

Antibody (TRADb)

Muscle weakness
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Toxic or Autonomous
Multinodular Goiter

Also known as Plummer
disease

Inhomogeneous or
heterogeneous uptake in
thyroid gland.

Multiple cold and/or hot
nodules in both thyroid lobes.

24-hour RAIU is usually mildly
elevated > 30% (usually
between 40% and 50%)
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Single hot nodule
(independent of TSH or
autonomous).

Rest of thyroid gland is poorly
visualized due to low TSH level
(TSH dependent).

24-hour RAIU is slightly
elevated, > 30%.
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Inflammation of thyroid gland that leads to release of stored
thyroid hormone due to follicular cell destruction

Heterogeneous uptake, could be mild or severe
In some cases, thyroid gland is not visualized
No significant focal abnormalities (nodules)

24-hour RAIU is low, usually < 5%.
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Focally decreased uptake
15% malignancy risk

Next step is correlate with ultrasound to see if thereis need for
FNA or biopsy



Hot nodule
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Hot nodules

Focally increased uptake

Next step is reassurance



pyramidal

lobe \

hot and cold nodules

COLD NODULE GRAVE DISEASE TOXIC MULTINODULAR

suppression of
remainder of gland
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HOT NODULE TOXICADENOMA SUBACUTE THYROIDITIS

RAIU<5%




Radioactive lodine Treatment
As primary or secondary after medications or surgery

Pharmacologic
Thioureas (Anti-Thyroid Drugs)
Propylthiouracil (PTU)
Methimazole (MZ)
Carbimazole (CBZ)

Symptomatic control with beta blockers
Corticosteroids

Stable lodide (SSKI, etc.)

Rituximab

Surgery



Beta-emitting radionuclide

Energy level 606 keV (beta) and 364 keV (gamma)
Produced by reactor (fission)

Half life of 8 days

Indications
Hyperthyroidism
Graves’ disease
Toxic multinodular goiter
Toxic adenoma
Differentiated papillary thyroid cancer

Papillary thyroid cancer
Follicularthyroid cancer



Myocardial
Perfusion



Radiopharmaceuticals

99MTe-sestamibi
P9MTe-tetrofosmin

20IThalium



Methods of Inducing Stress

Pharmacologic
Adenosine
Dobutamine
Dipyridamole
Regadenosone

Exercise
Treadmill
Bicycle



'\M « Fig. 5.8 Short-Axis Anatomy and Images. Short-axis
LU"Q“‘-" sections through the left ventricle from the base of the
heart to the apex are shown with corresponding single
photon emission computed tomography slices of the
|\\L myocardium. Note the considerable thinning of the
proximal septal wall in plane A (the base of the heart) as

a result of the membranous septum

« Fig. 5.9 Vertical Long-Axis Anatomy and Images. Vertical long-axis sections through the left ventricle
from septum to free (lateral) wall are shown with corresponding single-photon emission computed tomog-
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« Fig. 5.10 Horizontal Long-Axis Anatomy and Images. Horizontal long-axis sections through the left
ventricle from the anterior to the inferior wall are shown with corresponding single-photon emission com-
puted tomography slices of the myocardium
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Lung Scintigraphy



Radiopharmaceuticals

Radiopharmaceuticals Qndetiof
Perfusion /\ &
PmTe-MAA (macroaggregated albumin) Ei
Ventilation NSTOROY
22mTe-DTPA
Sulfur colloid aerosols & / ﬁ
Indications

Pulmonary embolism > wkusion Mead oNomed vehlahior

Chronicthrombo-embolic pulmonary hypertension (CTEPH)
Quantitative function






Perfusion
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Ventilation Perfusion



Posterior Ventilation

1

Posterior Perfusion

Anterior Perfusion



Bone Scintigraphy

P9MTc-MDP
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Radiopharmaceutical
2MTc Methylene Diphosphonate (MDP) IV

Which tumors do we get bone scans for?

Breast, prostate, most others use PET scan
Breast cancer often sends solitary metastases to the sternum
Prostate cancer metastases often startin the spine



/1-year-old male
recently diagnosed
with prostate cancer
was referred to
nuclear medicine to
rule out bony
metastases



68-year-old male
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41-year-old
female was
referred to
nuclear
medicine to
evaluate
oilateral joint
nain and
Morning
stiffness

28




/9-year-old female with back pain




26-year-old female
who recently started
having to walk 15 km
twice a day to get to

and from wo
now complal
from bilatera

to analgesia.
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NINg

shin
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Renal Scans

o



Radiopharmaceuticals
PMTc MAG3
29MTc DTPA

Pharmacologic protocols: diuretics (e.g. furosemide)
Indications

Obstructive vs nonobstructive hydronephrosis
Stent function

Renal artery stenosis / thrombosis
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Radiopharmaceutical
PMTe dimercaptosuccinic acid (DMSA)

Indications
Relative function
Scarring
Pre nephrectomy assessment
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Uses 2°MTc-mebrofenin or disofenin

Indications
Acute cholecystitis

Chronic acalculous cholecystitis
Sphincter of Oddi dysfunction

B

3
3

lary leak
lary atresia
lary stent patency



PET Imaging



Radioactive fluorine is the most widely used (*®F-FDG)
Also uses 11C, 120, 13N, 98Ga

Indications
Staging
Response assessment
Interim evaluation of treatment (lymphoma)

Evaluation of suspected disease recurrence, relapse and/or
residual disease

Evaluation of indeterminate lesion
Myocardial viability
Localizing seizure foci



Complete Metabolic Response
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