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PURPOSE: To evaluate absorbed doses for medical staff and general public 
deriving from prostate brachytherapy with I-125 seeds.  
METHODS AND MATERIALS: Radiation exposure measurements were made for 
staff and on a subset of 64 patients of the 100 transperineal I-125 
implanted seeds implants at the “Vittorio Emanuele, Ferrarotto e Santo 
Bambino” Universitary Hospital. 
RESULTS: Absorbed doses for operators are very low when using radiation 
safety devices. The exposure rate at the anterior skin surface due to I-125 
implanted seeds ranged from 32 to 120 µSv/hour.  
CONCLUSIONS: The evaluation of dose measurements shows that radiation 
risk associated to this practice is very low, both for staff that for critical 
group of population, if they follow the specific radioprotection statements 
supplied by health physicists. 
 

 
INTRODUCTION 
 

The permanent brachytherapy is a form of radiotherapy which allows 
for localized prostatic very high dose irradiation without damaging structures 
next to gland. In the practice (fluoroscopy or US guided)  little seeds 
containing Pd-103 or I-125 sources are implanted in the prostatic gland.  
This technique permits a conformational distribution of radiant dose that is 
necessary to completely cover the prostatic parenchyma.  
The high number of the implanted sources (80-100 Pd-103 and 70-90 I-125 
seeds on average) allows the carcinoma treatment by irradiation doses of 135 
Gy for Pd-103 and 145 Gy for I-125 without considerably damaging the closest 
structures (bladder, rectum, urethra).  
The procedure is minimally invasive and consist of a single treatment of 60-
90 minutes e permits to obtain high percentage of clinical cure, comparable 
to that of chirurgic operation. 
In the target volume, seeds can be positioned following different schemes, 
always with the aim of obtaining the prescribed dose to carcinoma saving as 
much as possible adjacent structures. 
The treatment plan is usually defined some week before implantig. It is based 
on a volumetric study on US images generated by the aid of a transrectal 
probe b-mode working. 
The clinical target volume (CTV) and the Planning Target Volume the (PTV) 
are defined on these axial US images acquired at steps of 5 mm, starting from 
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apex to basis of prostatic gland, and then critical structures, as rectum and 
urethra are defined.  
To complete volume calculation it is also necessary the acquisition of a 
longitudinal section of prostate. 
The treatment plan is completed with the support of a specific software 
which generates isodoses curves for all the US slices and assesses the Dose-
Volume Histograms both for prostatic gland and for the nearest critical 
structures. 
A radiographic image is performed on patient immediately after the 
treatment to confirm the right seeds’ distribution and to verify the absence 
of sources outside the prostatic gland. 
After the Brachytherapy treatment (about three week later) a CT scan with 
catheterized urethra is performed in order to identify the volume target and 
radioactive sources location. 
 
In the “Vittorio Emanuele, Ferrarotto e Santo Bambino” Universitary Hospital 
of Catania 100 patient affected by prostatic carcinoma have been treated.  
Several are the personnel exposed to radiation hazard involved in this 
practice: 
• The Specialist Surgeon places needles containig radioactive seeds in 

anatomic district of patient involved  to be treated. 
• The Radiotherapist Doctor assists the Surgeon during needles placement and 

seeds’ release. 
• The Professional Nurse collaborates with Surgeon and assists the patients 

during treatment. 
• The Medical Radiology Technician loads radioactive seed in needles, execute 

fluoroscopy during the treatment and  prepares the boxes with loaded 
needles. 

• The Anaesthetist Doctor assists the patient during the treatment. 
• The Medical Physicist collaborates with Oncologist and Radiotherapist, 

prepares the treatment plan and evaluates the disposition of needles. He 
certificates also the accuracy of administered dose and carries out quality 
controls.    

 
The most used radionuclide in the mentioned Hospital is 125-Iodine. 
I-125 decades with an half life of 59.4 days, by means of electronic capture to 
first excited status of Te-125, reaching fundamental one due to gamma 
emission (7%) and internal conversion (93%). The principal spectral rows are 
at 27.4 keV, 31.4 keV e 35.5 keV.  
The X rays emitted by seed Silver support give a contribution to a medium 
energy equal to 27.4 keV. 
125-I seeds are contained in strands supplied by Oncura; model 7000 RAPID 
StrandTM (code IMC 7000) consist of 11 violet colored absorbable seeding 
spacers and 10 Model 6711 seeds spaced at a fixed distance within an 
absorbable braided carrier, stiffened and then sterilized by ethylene oxide. 
The possibility of inserting seeds bounded in strands reduce the risk of 
dispersion outside the prostatic gland during the treatment.   
  
The seeds have an apparent activity that reaches 1 mCi. 
 
METHODS AND MATERIALS  
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Up to date, no adverse effect to the medical staff and/or patient family, 
associated with permanent seed implant has been reported, which supports 
that the technique, already applied to thousands of patients in the world 
worldwide may be considered extremely safe. 
However, it appears necessary to point out some aspects in order to evaluate 
doses both for the medical community and patient’s families. 
 
We will consider successively the following points: 
 
Dose from sources and from patient to the staff. 

The assessment of dose was obtained by a personal TLD monitoring of total 
body and extremities and an environmental monitoring through either 
ionization chamber and TLD positioned near patient’s feet.  

  
Radiation safety devices and procedures for the staff   

Standard radiation safety procedures and devices have been studied to 
reduce doses to staff and people general public. 
 

Behaviour recommendations for  the patients undergoing brachytherapy with 
permanently implanted seeds. 

Implanted patients behaviour will depend upon results of a statistically 
significant set of measurements of air kerma rate close to the patient at 
different positions, carried out immediately after implantation by a 500 cc 
Rotem ionization chamber with well-known energetic dependence. 
 

 
RESULTS 
 
The maximum loaded activity in needles is of 38 mCi.  
During needles’ loading (30-40 minutes) the worker is exposed to total body, 
but particularly to hands. Without any radiation safety device worker’s hands 
dose is equal to 204 µSv/patient. 
Use of leaded glass viewers, 0,25 mm Pb equivalent gown (attenuation > 99%) 
and 0,025 mm Pb equivalent  gloves (attenuation of about 50%) allows for 
radical reduction in TLD measured TB and crystalline lens dose, resulting in 
hand equivalent dose less than 100 µSv/patient.  
In the case of an unique surgeon conducting implantation, going on for about 
an hour, hand equivalent dose monitored by TLD positioned 40 cm from 
perineum shows a marked decrease over five years, due to change in 
visualization technique. Varying from fluoroscopy to US type detection is 
clearly noticeable from decreasing trend of dose trough years. 
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On the basis of these results, use of personal protection devices and GM probe 
monitoring of radioactive seeds presence in the loading/implant area 
represent the more significative radiation safety indications to be followed 
As regarding dose to people from patient after implantation, the authors 
have conduced air kerma rate measurements in the immediate postoperative 
period at the surface of the anterior skin at the point of the pubic symphysis, 
at 50 and 100 cm perpendicular from the surface of anterior skin. A reference 
group of 64 patients treated at the “Vittorio Emanuele, Ferrarotto e 
S.Bambino” hospitals in Catania has been taken into account.. 
In the following graph dose rates in contact with perineum (referred to I-125) 
are reported versus implanted activities for the 64 patients. 
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The dose rate was found to correlate directly with 125I  implanted activity.  
In the following table are summarized the maximum values of emitted dose 
rates from patient after implant: 
 
      Table 1: Maximum measured dose rates with a ionization chamber at 

different distances (implanted activity of 30 mCi) 
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Maximum Dose rate at 
contact (A=30mCi) 

Maximum Dose rate at 
50 cm (A=30mCi) 

        Maximum Dose rate 
at  

100 cm (A=30mCi) 

<  120 µSv/h < 10 µSv/h <  1 µSv/h 

 
 
The results of these measurements permit to provide important radiation 
safety instructions about relationships that have to be respected by patients 
after discharging.  
These instructions are related to the permanence time needed to reach the 
effective dose limit (1 mSv/y) established for the members of public in the 
Italian D. Lgs. 230/95 (as in  96/29/Euratom directive) trough the following 
formulas. 
The lifetime exposure at various distances from the patient was calculated 
using the equation (5): 

EDTD P ⋅⋅⋅=∞
•
)0(6.34)(  

 
 where: 

)(∞D  =  Lifetime exposure in µSv; 
TP          =  Physical half-life in days; 

)0(
•
D   = Dose rate at a given distance immediately following implantation at 
time t0 (µSv/h); 
E       = Occupancy factor based on the fraction of time a person could be in 
the vicinity of the implanted patient. 
The total dose over a given time period ( from time t0 to time t) is calculated 
using the following equation:  

[ ]PTtP eEDTtD /693.01)0(6,34)( −
•

−⋅⋅⋅=  
 
Where D(t) = total dose over a given time period (t0 to time t), where t0=0. 
The time to reach a given total dose has been calculated by rearranging the 
prior equation and solving for t: 
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As an example, if we assume a occupancy factor of 1 representing the dose to 
a caregiver who is present for 100% of the time at 100 cm from the anterior 
surface of the patient, the lifetime dose is 2.08 mSv. 
The following tables list the calculated lifetime doses and the time in days to 
reach the 1 mSv limit specified in Italian legislation according two different 
occupancy factor: 
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Table 2.  Calculated lifetime doses and times required to reach 1 mSv for a 
100% occupation 
 

Distance Lifetime dose 
(mSv) 

Time to reach 1 mSv 
(days) 

50 cm from anterior skin 
surface 20.8 4.2 

100 cm from anterior skin 
surface 2.08 56.7 

 
 
Table 3. Calculated lifetime doses and times required to reach 1 mSv for a 
33% occupation 
 

Distance Lifetime dose 
(mSv) 

Time to reach 1 mSv 
(days) 

50 cm from anterior skin 
surface 6.2 14 

100 cm from anterior skin 
surface 0.6 N/A (*) 

 
   (*) N/A = calculated times are not applicable because lifetime doses are less 
than 1 mSv 
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Conclusions 
 
The use of direct dose rate measurements, calculated times to meet 
regulatory limits, occupancy factor adjustments, and estimated lifetime 
doses are appropriate for evaluating radiation exposure risks to patient 
caregivers and members of the public associated with patients who suffered 
prostate brachytherapy. 
Although dose rates are variable, the large data set provides a basis for the 
validation of radiation safety advices, wich should consist in avoiding close 
contact both with others for extended period of time and sleeping in the 
“spoon” positon with the primary caregiver. 
The dose evaluations regarding brachyterapy show that treated patients 
don’t represent a source of risk nor for staff or for critical group of 
population, as long as the patients follows the supplied radioprotectional 
indication after discharging.    
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