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8.6: Medical uses of radioisotopes
The use of nuclear chemistry in medical technologies is increasing over time. The medical uses can be divided into two categories :

1. medical imaging of organs or diagnosing any malfunction and
2. therapeutic use, mainly for killing cancerous cells.

Radioisotopes in medical imaging 

1. those that emit -rays, directly or indirectly, during their decay,
2. can be delivered to the organ of interest in pure form or tagged in a compound,
3. are short-lived or can be excreted from the body after use.

Table 8.6.1 lists some radioisotopes commonly used in medical imaging. A low dose of the radioisotope is administered to a
patient. The -rays cross over the body and are recorded like X-rays. A computer finally converts the recording into a useful image.
The image is compared with an image of a healthy organ to diagnose any malfunction.

Table 8.6.1: Some of the commonly used radioisotopes in medical imaging

Radioisotope Symbol Mode of decay Half-life Use in medical imaging

Carbon-11 β , g 20.3 m
Brain scan to trace
glucose

Fluorine-19 β , g 109m
Brain scan to trace
glucose

Chromium-51 E.C., g 27.3 d
Diagnose albinism;
image the spleen and
gastrointestinal track

Gallium-67 E.C., g 78.3 h
Whole-body scan for
tumors

Selenium-75 E.C., g 118 d Pancreas scan

Krypton-81m g 13.3 s Lung ventilation scan

Xenon-133 β 5.24 d Lung ventilation scan

Strontium-81 β 22.2 m
Scan for bone cancer and
bone diseases

Mercury-197 E.C., g 64.1 h Kidney scan

Iron-59 β, g 44.5 d
Bone marrow function
and anemias

Iodine-131 β, g 8.04 d
Diagnosis of thyroid
malfunction

Iodine-123 E.C., g 13.2 h
Diagnosis of thyroid
malfunction

Technetium-99m g 6.01 h

Brain, liver, kidney, bone
scans, and diagnosis of
the damaged heart
muscle

Phosphorous-32 β 14.3 d Detect eye tumors

 Criteria of radioisotope selection for medical imaging
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Radioisotope Symbol Mode of decay Half-life Use in medical imaging

Thallium-201 E.C., g 3.05 d
Heart scan and exercise
stress test

An example of medical imaging is the thyroid gland in the neck that produces the hormone thyroxin, which controls the overall rate
of metabolism in the body. Each thyroxin molecule contains four iodine atoms. Administration of radioactive Na I or Na I salt
accumulates the iodine in the thyroid gland in a few hours. Decay of I and I involves -emission.

The -emission from the iodine localized in the thyroid gland is recorded, as shown in Fig. 8.6.1. An overactive thyroid
(hyperthyroidism) cumulates more and underactive thyroid (hypothyroidism) cumulates less iodine than a healthy thyroid.

Figure : Thyroid scan with iodine-123 for evaluation of hyperthyroidism. Source: Myohan at en.Wikipedia / CC BY
(https://creativecommons.org/licenses/by/3.0)

Another example is positron emission tomography (PET). Positron emitters like carbon-11 and fluorine-18 incorporated in a
suitable compound like glucose allow following the metabolic path of the compound. For example, 18-fluorodeoxyglucose )18-
FDG) is a glucose molecule in which one of the oxygen is replaced with F. Intravenous injection of the 18-FDG ultimately results
in the cumulation of 18-FDG in the brain and other body organs where glucose is used in the metabolic process. The F emits a
positron, which, being an anti-particle of the electron, reacts with the electron and produces two g -rays.

The -rays are used to obtain an image of the organ. The image reveals problem areas in the form of an abnormal concentration of
glucose in the part of the organ. For example, Fig. 8.6.2 compares the PET image of a healthy brain versus a brain with Alzheimer's
disease.

Figure : PET scan of brain: healthy (left) and Alzheimer's disease (right). Source: US National Institute on Aging,
Alzheimer&#039;s Disease Education and Referral Center / Public domain

Since glucose metabolism happens in all organs, whole-body PET scans can be used to diagnose lung, colorectal, head and neck,
and esophageal cancers as well as other diseases that involve abnormal glucose metabolism. For example, tumors have high
metabolic rates; the PET scans using 18-FDG are used to detect them, as shown in Fig. 8.6.3.
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Figure : Whole-body PET scan using F-FDG. The normal brain and kidneys are labeled, and radioactive urine from
breakdown of the FDG is seen in the bladder. In addition, a large metastatic tumor mass from colon cancer is seen in the liver.
Source: Jens Maus (http://jens-maus.de/) / Public domain

Medical imaging without using radioisotopes 

Major examples of medical imaging using external radiation sources include the following.

1. X-rays, which are external radiation source, is commonly used for medical imaging of organs and bones.
2. Computed tomography (CT) scan uses computer processing of many X-ray measurements, from different angles, to produce a

cross-sectional view (virtual slices) of the organ.
3. Magnetic resonance image (MRI) is another powerful medical imaging technique that is based on the fact that hydrogen atoms

splint into two two energy states when placed in a strong magnetic field. When illuminated with infrared (IR) radiation of the
energy matching with the energy gap between the two groups, the hydrogen atoms are excited from the lower to higher energy
state. The decay of the excited state emits the IR radiations that are recorded to obtain the image of soft tissues that contain
many hydrogen atoms in the form of water molecules. Fig. 8.6.4 shows some examples.

Figure : Spectrum of medical imaging. Source: Martin Tornai, CC BY 4.0 <https://creativecommons.org/licenses/by/4.0>, via
Wikimedia Commons

Radiation therapy 

The purpose of radiation therapy is to selective kill the diseased cells or tissues by exposing them to radiation. Higher radiation
doses are required for therapy than for imaging. The radiation source can be external or internal.

External radiation therapy 

In the external irradiation, the radiation from the source, such as coba which are often used, other radiation sources are being
developed, such as proton beam from the cyclotron, which have been used to kill inoperable tumors near or in the eye, skull base,
or spine. Proton therapy uses a beam of proton to deliver radiation directly to the tumor.

Figure : Radiation therapy for Hodgkin's Lymphoma in a Versa HD.. Souce: Jakembradford, CC BY-SA 4.0
<https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons
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Internal radiation therapy 

Internal radiation therapy is used when a short-lived radioisotope can be made to selectively concentrate in the organ or tissue of
interest. For example, iodine-131 is  and -emitter, is administered to a patient, is picked up by the thyroid gland, and is used to
treat hyperthyroidism. Another example is actinium-225, which is an -emitter with a half-life of 10 days. Actinium-225 installs in
a monoclonal antibody that is attached to a prostate-specific antigen and delivered selectively to treat prostate tumors.

Figure : Body sites in which brachytherapy can be used to treat cancer. Source: Rock mc1 / CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0)

Brachytherapy 

Brachytherapy or seed implantation is a form of internal radiation treatment that delivers a high dose for a short period compared to
the external radiation treatment. Fig. 8.6.6 shows the sites in the body where brachytherapy can be used to treat cancer. For
example, 40 or more titanium capsules, about the size of a rice grain (Fig. 8.6.7), are implanted to treat prostate cancer. The seed
contains -emitter like iodine-125 (half-life 60 days), palladium-103 (half-life 17 days), or cesium-131 (half-life 10 days). The seed
may be left in the body because, due to the short half-life, they are no more significantly radioactive after the treatment.

Figure : Photo of radioactive seeds. These implants are a form of radiation therapy for prostate cancer. Source: Nuclear
Regulatory Commission from US / Public domain

Another option is temporary brachytherapy, e.g., iridium-192 needles that deliver higher radiation doses are inserted to treat
prostate cancer and removed after 5 to 10 min. The iridium-192 wires are also used as a follow-up treatment after breast cancer
surgery to kill any residual or recurring cancer cells. The iridium-192 wires are inserted through a catheter implanted in the space
from where the tumor was removed. The wires are removed after delivering the required radiation dose. The process is repeated
twice a day for five days. The catheter is removed, and no radioactive material is left in the body after the treatment.

This page titled 8.6: Medical uses of radioisotopes is shared under a Public Domain license and was authored, remixed, and/or curated by
Muhammad Arif Malik.
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