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Introduction:
Nuclear Medicine is defined as that branch of medicine in which radioactive materials are used for the diagnosis and treatment of disease.

Nuclear Structure:
The nucleus is one of two major components of the atom.  The nucleus contains protons and neutrons. The other is the shell of electrons that surround the nucleus.

Nuclear Medicine involves the use of radiation that originates from the nucleus of an atom unlike the x-ray which originates from the orbits of the atom (movement of electron).
Radiopharmaceuticals:
[image: image1.jpg]Table 1.2 Other commonly used radionuclides in medicine.

Radionuclide Principal energy Half-life Common uses
"lodine-131 364 KeV 8 days Thyroid function and treatment of
thyrotoxicosis and thyroid cancer
( 91KeV
Gallium-67 1 185 KeV 78.1 hours Localization of infection and tumours
300 KeV
Thallium-201 81 KeV 3.1 days Myocardial visualization
Chromium-51 320 KeV 27.7 days Labelled red cell studies, gastrointestinal blood
and protein loss, glomerular filtration rate
Cobalt-57 122 KeV 270 days Schilling tests
lodine-125 {3ookey 60 days Radioimmunoassay
Tritium-3 5.7 KeV 12.3 years Total body water
'Carbon-14 49.3 KeV 5,730 years Gastrointestinal uptake, CO, breath tests
Xenon-133 80.9 KeV 5.3 days ) e
Krypton-81m 191 KeV 13 secs | o

"B emitters. (All the radionuclides are gamma emitters. )

3. Sterility.

4. Pyrogens.

The *Tc™, which is in the oxidized pertechnetate form,
can then be used directly, for example in brain scanning
or thyroid scanning, or attached to an appropriate
chemical or biological material to be used to study a
particular functional process or organ imaging for
which it is required.

The labelling is usually a rapid and simple process due
to the development of the ‘kit concept’ whereby all the
reagents necessary for the labelling process have been
pre-prepared, pre-sterilized and checked for pyrogens,
thus saving valuable time and increasing simplicity,

Figure 1.1 {a) A typical molybdenum-99/technetium-
99 generator system in routine use, together with (b) a
plastic see-through model and (c) a schematic cutaway
section showing how the introduction of saline into the
top of the column washes out the daughter product
(%Tc™) in the eluate.

reliability and quality of the preparation. It is per-
formed under sterile conditions using a ‘no-touch’
technique, preferably in a laminar flow cabinet (as
shown in Figure 1.2). Because of this batch kit method,
quality control of each preparation is not necessary
prior to the use in patients. However, the first of each
batch should be checked for:

1. Labelling efficiency, i.e. whether all the technetium
is attached to the chemical or biological material.

2. Sterility.

3. Pyrogenicity.

The preparation and quality control of radiophar-
maceuticals is best organized by a radiopharmacist, with




A number of radionuclides (tracer) are used per se or after labeling with pharmaceutical part which facilitate their transport along different physiological pathways.  The combination is called radiopharmaceutical (Radionuclide + pharmaceutical).
Radionuclides:

The most useful radionuclide is technetium 99m (Tc-99m) which has the following properties:
  Half-life
=
6.02 hours

  Radiation
=
Gamma radiation

  Energy
=
140 KeV

  Supply
=
Generator of 
Molybdenum supplied every week
Other radionuclides used are summarized in the following table:

Radionuclide

Half-life


Energy
Iodine I123


13.2 hrs


159 KeV
Gallium 67


78 hrs


  190,290,390 KeV

Thallium 201

         73 hrs


       68-82 KeV

Krypton 81m

        13 seconds

        190 KeV

Xenon 133


5.2 days


81 KeV

Iodine I131


8 days


        360 KeV

Radionuclides used in Nuclear medicine may emit gamma or beta radiation.  Those emitting gamma radiation are used for diagnosis.  e.g. Tc-99m while those emitting beta radiation are used for therapy. e.g. I131.
Administration of radiopharmaceuticals to patients:
Most radiopharmaceuticals are administered through intravenous injection but other can be inhaled such as Xe133 (for ventilation lung scan) or given orally as I131 (for Grave’s disease or for thyroid carcinoma).
Equipment in a nuclear medicine department:

Diagnostic nuclear medicine involves the detection of radiation emitted from radiopharmaceutical administered to the patients.

[image: image2.jpg]a bone scan. The instrument which is most commonly
used now is the gamma camera (Figure 1.5c). The
principle of this instrument lies in the ability of a large
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Figure 1.5 (al A typical rectilinear scanner (top left)
consisting of a moveable detector head over the
patient, and a console for operation and recording the
image on to film. The schematic diagram (b) shows the
principle of detection and spatial localization by the
gamma camera detector (bottom left). (c) A mobile
gamma camera (above) can be used at the bedside or in
the intensive care unit.

sodium iodide crystal (approximately 12 inches x 0.5
inch), contained within the detector head, to respond to
gamma rays emitted from the radioisotope by the
emission of tiny scintillations of light. These scin-
tillations are magnified and altered electronically into
electrical signals. From the positions of the scintillations
which occur within the crystal, the picture of the isotope
distribution in the organ is built up. A diagram to
illustrate this is shown in Figure 1.5b.

The other instrument which is used is the rectilinear
scanner, which usually has two sodium crystals, one
above the patient and one below, and the whole head
moves backwards and forwards in a rectilinear fashion,
recording the radioactivity and building up an image of
the distribution of radioactivity within the organ. This is
illustrated in Figure 1.5a. Most of the routine in-
vestigations can be performed with either instrument
equally well, although the advantages of the gamma
camera are:

1. The ease with which it can be interfaced with the
compuler, making comparable measurement possible.

2. The speed with which investigations can be per-
formed.

3. The ability to do dynamic studies when rapid time
sequence images are required.

4. Therelative ease of positioning the patient.

It is possible to use both the rectilinear scanner-and the
gamma camera for investigations such as bone scans,
gallium scans and iodine scans for metastases from
thyroid cancers, as they are both capable of recording
total body scans. Some form of data processing, either
as a small dedicated programmable computer! (see
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The main equipment used for this purpose is the Gamma Camera which produces an image corresponding to the distribution of the radioactive substance in the body.  A computer will display the images with numerical assessment (Quantitation) is frequently employed to generate complementary information.
Radiopharmaceuticals preparation is carried out under aseptic conditions.  An instrument called “Dose calibrator” is used to measure the dose before administration to the patient.
Radiation safety is important in all aspects of Nuclear Medicine and the department is equipped with several contamination monitors and dose-rate meters.

Units used in Nuclear Medicine:

Any one working or requesting a nuclear medicine test should be aware of certain units used to describe doses.
I. Units of activity:

Millicurie

 :  old unit

Megabecquerel
 :  new units replacing old unit

II. Units of absorbed dose:

Millirem (mrem)
:  old unit

Millisieveret (msv)
:  new unit

Diagnostic Aspects of Nuclear Medicine
I. Respiratory System:  V/Q Lung Scan

Tc-99m macro aggregated albumin (MAA) used for perfusion lung scan. Xe-133 or Kr81m used for ventilation lung scan.
Perfusion-Ventilation mismatch is indicative of pulmonary embolism.
II. Cardiovascular System :

a. Myocardial perfusion scan: performed using thallium 201 or Technetium 99m Sestamibi or tetrofosmin: Reversible versus nonreversible ischemia.
b. Multigated cardiac study (MUGA) performed using Tc-99m labeled red blood cells measure EF% and wall motion.
c. Radionuclide venography: performed using Tc-99m MAA to detect DVT.
III. Genitourinary System  :

a. Dynamic study (Renogram):

· Tc-99m DTPA to assess glomerular filtration and patency of collecting system.

· Tc-99m MAG3 to assess tabular function and excretion

· Lasix can be administered during the renogram to differentiate dilated nonobstructed from dilated obstructed system.

b. Cortical scan using Tc-99m DMSA to assess renal cortex integrity (Scars).
c. Testicular scan using Tc-99m pertechnetate for diagnosis of testicular torsion and inflammation.

IV. Gastrointestinal System :

a) Meckel’s diverticulum scan using Tc-99m pertechnetate.

b) Milk scan using Tc-99m DTPA

c) Hepatobiliary (HIDA) scan using Tc99m HIDA (Cholecystitis).

d) Liver spleen scan using Tc99m colloid.

e) Liver haemangioma study using Tc-99m red blood cells
V. Endocrine System:

a. Thyroid scan: using Tc-99m pertechnetate or I123.
b. Parathyroid scan: using Tl-Tc-99m substraction or Tc99m Sestamibi Scan.

c. Adrenal medulla scan: I123 MIBG for diagnosis of neuroendocrine tumors such as pheochromocytoma.

VI. Bone Scan: using Tc99m MDP.
a. Three phase bone scan, when infection is suspected.
b. One phase delayed scan to diagnose metabolic bone disease, bone metastases and bone trauma.

c. Bone mineral density (DXA) using two x-ray beams to measure bone density and to screen for osteoporosis.
VII. Central nervous system
a. SPECT brain scan: using Tc-99m HMPAO.
VIII.
Localization of Infection and tumors:

a. Gallium 67 Citrate: used for diagnosis of infection and tumors e.g. Lymphomas, Osteomyelitis.
b. Indium III labeled white blood cells or Tc-99m HMPAO leucocytes or Gallium 67 citrate for diagnosis of infection.

Therapeutic aspects of nuclear medicine
Certain radionuclides emitting beta radiation are used for therapy of different disease.  The most widely used one is I131 for treatment of hyperthyroidism and thyroid cancer.
COMMONLY USED RADIOPHARMACEUTICALS

	ORGAN SYSTEM IMAGED
	RADIOPHARMACEUTICAL
	DOSE
	STUDY DURATION

	Brain

1. Planar Imaging (Blood Brain Barrier
	Technetium-99m  Diethyle Triamine Penta Acetic Acid (Tc99m-DTPA)
	25 mCi
	1½ hrs.

	2. Single Photon Emission Tomography (SPECT)
	Technetium-99m  Hexamethyl Propylane Amino Oxime (Tc99m-HMPAO)

Technetium-99m Ethyl Cysteinate Dimer (Tc-99m ECD)
	20 mCi

20 mCi
	1½ hrs
1½ hrs.

	Cerebrospinal Fluid
	1. Indium111-Diethylentriamine            Penta Acetic Acid (In111 DTPA)

2. Technetium-99m  Diethyle Triamine Penta Acetic Acid  (Tc99m-DTPA)


	0.5 mCi

10 mCi
	24-48 hrs.

24 hrs.

	Heart

1. Myocardium
	1. Thallium-201 (201Tl)

2. Technitium 99m Sestamibi (Tc-99m MIBI)
	3 mCi

10/30 mCi
	¼ hrs.

¼ hrs.



	2. Cardiac Blood Pool MUGA Scan


	Technetium-99m Labeled Red Blood Cells (Tc99m-RBC)
	20 mCi
	1 hr.

	3. First Pass Shunt Study
	1. Technetium-99m –Diethylen Triamine            Penta Acetic Acid (In111 DTPA)                                                                                                                                                                                                                                                                                                                                                                                           


	20 mCi


	20 min.



	Lung
1. Perfusion
	Technetium-99m Macroaggregated Albumin (Tc-99m MAA)
	3 mCi
	30 min



	2. Ventilation
	1. Xenon-133 (133Xe)

2. Krypton 81 M (Kr 81m)

3. Technetium-99m  Diethyle Triamine Penta Acetic Acid (Tc99m-DTPA Aerosol)
	10 -20 mCi

5 mCi

10 mCi
	15 min

30 min.

45 min

	Endocrine

1. Thyroid Scan



	1. Technetium-99m Pertechnetate (Tc99m O4)

2. Sodium Iodide-123 (I123)
	5 mCi

100  µCi
	45 min

24 hrs.

	2. Metastatic Survey
	1. Sodium Iodide-123 (I123)

2. Sodium Iodide-131 (I131)

3. Thallium 201 (Tl-201)
	5 mCi

5 mCi

3 mCi
	24 hrs.

48-72 hrs.

1 hr.

	3. Parathyroid Scan


	1. Subtraction Scan [Technitium 99m /            Thallium 201 ] (Tl-201/Tc-99m)

2. Dual Phase Scan  [Technitium 99m Sestamibi] (Tc-99m MIBI)     
	3 mCi/

20 mCi
	1.5 hrs.

3 hrs.



	4. Adrenal Scan


	1. Iodine 123 Metaiodobenzylquanidine (I123 MIBG): Adrenal Medulla Scan

2. Selenium 75 (Se-75): Cortical Scan
	5 mCi

200 µCi
	24 hrs.

72 hrs.

	Bone

1. Bone Scan

2. Bone Marrow Scan
	1. Technitium 99m Methylenediphosphonate (Tc99m MDP)

2. Technitium 99m Sulphur Colloid (Tc99m SC)
	20 mCi

15 mCi
	3 hrs.

1.5 hrs.


	Vascular
1. Venogram

2. Lymphoscintigraphy


	Technetium-99m Macroaggregated Albumin (Tc-99m MAA)

Technetium-99m Red Blood Cells (99mTC-RBC)

Technetium-99m Nanocolloid (Tc-99m Nanocolloid)
	5 mCi

20 mCi

2 mCi
	1 hr.

1 hr.

4 hrs.

	Gastrointestinal
1. Liver-Spleen Scan

2. Hepatobiliary Scan

3. Milk Scan

4. Meckel’s Scan

5. Gastrointestinal Bleeding

6. Gastric Emptying

7. Esophageal Transit Time
	Technitium 99m Sulphur Colloid (Tc99m SC)

Technitium 99m Imino Diacetic Acid (Tc99m HIDA)

Technitium 99m Sulphur Colloid (Tc99m SC)

Technitium 99m Pertechnetate (Tc99m 04)

1. Technitium 99m Red Blood Cells (99mTc-RBC)

2. Technitium 99m Sulphur Colloid (Tc99m SC)

Technitium 99m Sulphur Colloid (Tc99m SC)

Technitium 99m SC Or (Technitium 99m DTPA


	4 mCi

5 mCi

0.5 mCi

5 mCi

20 mCi

10 mCi

1 mCi

0.5 mCi
	30 min.

1-4 hrs.

30 min/

2 hrs.

45 min

1-24 hrs

45 min

2 hrs.

30 min

	Renal

1. Renogram

            Glomerular Agent

           Tubular 
	1. Tc-99m DTPA

2. Tc-99m Mercaptoacetyl Triglycine (MAG3)
	5-10 mCi

5-10 mCi
	45 min

45 min

	2. Cortical Scan
	Tc-99m Dimercaptosuccinic Acid (DMSA)
	3-5 mCi
	3-4 hours

	3. Cystography
	Tc-99m DTPA
	1 mCi
	45 min

	4. Testicular Scan
	Technitium 99m Pertechnetate 


	5-15 mCi
	30 min

	Soft Tissue 

(Abcess Or Tumor)

	1. Gallium 67 Citrate (Ga-67)

2. Indium 111 White Blood Cells (In-111 WBC)

3. Technetium-99m  HMPAO White Blood Cells (Tc-99m HMPAO WBC)

4. Breast Scan (Tc-99m MIBI)

5. PET Scan (F 18 FDG)

6. Indium 111 Pentetreotide   (In 111 Octreoscan)

7. Technetium-99m   Depreotide (Tc-99m NEOTECT)
	5 mCi

0.5 mCi

5 mCi

20 mCi

10 mCi

6 mCi

15-20 mCi
	48-72 hrs.

6-24 hrs.

6-24 hrs.

1 hr

1-2 hrs

4-24 hrs.

2 hrs.

	Therapy
	1. Hyperthyroidism I131

2. Thyroid Cancer (I131)

3. Polycetemia (P-32 Phospherous 32)

4. Bone Metastasis (Strontium 89)
	10-15 mCi

80-150-200 mCi

5 mCi

10 mCi
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