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1. Introduction 

Brachytherapy is the placing of radioactive sources into or very close to tumors, either permanently or temporarily.  “Brachy" is a Greek prefix for "short".  Brachytherapy is a treatment at short range, as opposed to external beam radiation, which is conducted at a distance.  Brachytherapy is an alternative to both radical surgery and standard radiotherapy.  Brachytherapy has been used since early 1900s, where the average low-dose rate Brachytherapy treatment ranged from 40 to 70 hours and required prolonged hospitalization and bed rest.  Today’s treatment techniques however, are more refined and provide different approaches to match different tumors [1].
2. Types of Brachytherapy

Not all tumors are accessible for Brachytherapy treatment due to their size or location.  The tumors that are commonly treated by this technique are those in prostate, breast, head, neck, tongue, cervix and uterus.  Brachytherapy treatment can be given in three different ways: High Dose Rate, Pulsed Dose Rate and Permanent seeds implants.  All methods can be used on their own, or in combination with other treatment methods such as external radiation or hormone therapy [2].
2.1.  High Dose Rate Brachytherapy

In High Dose Rate (HDR) Brachytherapy thin rows of hollow plastic tubes, “catheters,” are inserted into the body to encompass the tumor bed plus surrounding tissues.  The catheters are left in place with the catheter ends protruding through the skin for approximately five days of treatment.  The protruding ends of the catheters are connected via longer, transfer tubes to the treatment unit that contains the radioactive source.  A small (1mmx3mm) 10Ci Iridium-192 radioactive source is welded to the tip of a flexible stainless steel cable, which travels in and out of the catheters. The source steps through each of the catheters, stopping every 5mm to deliver the required radiation dose.  A Brachytherapy planning system is used to control the position and length of time the source is in the patient.  The time the source spends in the catheters is about 10 minutes.  Figure 1 and 2 show a Brachytherapy treatment for a breast cancer and a tongue & neck cancer, respectively. The ease of delivery, better control of dose distribution, elimination of personnel exposure, and improved results has made the HDR the currently preferred method of temporary Brachytherapy [1,3]. 
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Figure 1.  Breast Brachytherapy [4]


 Figure 2. Tongue & Neck Brachytherapy [4]

2.2.  Pulsed Dose Rate Brachytherapy

The Pulsed Dose Rate (PDR) Brachytherapy treatment is comparable with the HDR treatment. However, the source used during the treatment is Cesium-137, with a half-life of 30 years, which is less radioactive than Ir-192, with half-life of 72 days, used in the PDR Brachytherapy.  Because of this lower radioactive source the total procedure takes longer than an HDR treatment.  The PDR Brachytherapy is used in various gynecological cancers, particularly cancers of the cervix and uterus [1].
2.3.  Permanent Seed Implants Brachytherapy

A Brachytherapy treatment currently used with increasing frequency is radioactive seed implants, using small radioactive I-125 or Palladium-103 sources (the seeds), placed directly into the area affected by the tumor.  This technique is mainly used to treat prostate cancer.  In this technique, approximately 100 radioactive seeds are implanted permanently inside the prostate, under general or spinal anesthetic.  A bi-planer ultrasound probe is inserted into the rectum to give multidimensional images of the prostate.  Once the prostate can be clearly seen, needles containing the radioactive seeds are inserted through the perineum; the area of skin beneath the scrotum.  The dose is carefully worked out to cover the size and shape of the prostate, plus a small area of the surrounding tissue. The seeds release low energy x-rays over a few months. Iodine-125 has a half-life of 60 days and would lose all its energy in a year.  Palladium-103 has a half-life of 17 days and would release 90% of its energy in about 2 months.  Typically, I-125 and Palladium-103 provide a dose of approximately 160 Gray and 115 Gray of radiation respectively. The seed implant procedure takes approximately an hour to complete.  Figure 3 shows a general location of where seeds are placed in the prostate.  Figure 4 shows an x-ray of a prostate with seed implants [1,5]. 
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Figure 3. Location of seeds in Prostate [6]
      Figure 4. X-Ray diagram of prostate with seed implants [7]
The seeds used for this treatment are typically smaller than a grain of rice.  Figure 4 shows typical dimensions of an I-125 seed and Figure 5 shows the size of the seeds compared to a coin.    
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Figure 4.  Typical Dimensions of an I-125 Seed [8]

      Figure 5. Brachytherapy Seeds [9]
3. Effectiveness of Brachytherapy Compared to Other Techniques

Recent data shows that Brachytherapy is as successful as surgery in curing small slow growing, cancers.  The advantage of this technique is that the placement of the radiation either directly in or adjacent to the tumor, allows for a higher dose while limiting the amount given to the nearby normal structures.  As a result, this treatment is much shorter, more comfortable and shows fewer side effects than other cancer treatments.  However, this technique is not yet widely accessible to patients and the long-term effectiveness of this therapy is yet to be determined [10].  
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