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Abstract

Scattered dose of therapeutic high energy radiation beams are contributed significan t unwanted dose to the
patient. Measurement of radiation scattered dose outside fields and critical organs, like fetus position and testicle
region, from chest or pelvic irradiation by large field of high energy radiation beam was performed using an
ionization chamber and film dosimetry. The scattered doses outside field were measured 5 - 10% of maximum
doses in fields and exponentially decrease from field margins. The scattered photon dose received the uterus from
thorax field irradiation was measured about lmGy/Gy of photon treatment dose Shielding construction to reduce
this scattered dose was investigated using lead sheet and blocks About 6 cm lead block shield reduced the scatter
photon dose under lOmGy for 60Gy on abdomen field and reduced almost electron contamination.

1. Introduction

High energy photon beams from medical linear accelerators produce large scattered radiation
by various components of the treatment head, collimator and walls or objects in the treatment
room including the patient. These scattered radiation do not provide therapeutic dose and are
considered a hazard from the radiation safety perspective. The scattered photon dose received
the fetus from thorax field irradiation was measured about lmGy/Gy of photon treatment dose
and typical therapeutic doses of photon radiation lie in the range 40 -70Gy. Thus, without
additional shielding, the scattered photon dose received by the fetus might be several hundred
mGy. Under conditions of occupational radiation exposure of pregnant women, the NCRP
advises that the fetus be regarded as a separate entity distinct from the woman bearing it and
that the total dose equivalent limit for the fetus be 5 mSv and no greater than 0.5 mSv in any
given month. Similarly the ICRP recommends a dose equivalent limit of 2 mSv once the
pregnancy is known. These advisory bodies emphasize that medical exposures are excluded
from these occupational exposure dose limits. In addressing medical exposures of benefit to
the mother, ICRP take the position that irradiation of the pregnant woman is to be avoided.
However it does recognize that there may be exception circumstances in the treatment of a life
threatening malignancy of the mother in which therapeutic irradiation is the method of
treatment that carries the lowest detrimental risk to the patient and fetus. In such cases it is
emphasized by the ICRP that treatment should be planned in a way that minimizes the dose to
the fetus by use of all relevant measures including shielding.

There are no internationally recognized guidelines for limiting the dose to the fetus during
radiation treatment of the mother for malignancy. However it is known that a dose of 500mGy
may cause abortion at any stage of pregnancy and that radiation detriment to the fetus includes
risk of mental retardation with a possible threshold in the dose response relationship around
100 mGy for the gestational period of maximum vulnerability

Hammer Jacobson made the controversial recommendation that an abortion be performed
whenever an embryo has received a dose above lOOmGy during the first 6 weeks following
conception to avoid the risk of producing an anomalous child. Irradiation of a fetus also
carries the increased risk of childhood cancer and fatal cancer and fatal cancer later in life.
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Risk estimates for childhood cancer induction vary but may be as high as 10"3 per mSv to the
fetus.

The ICRP principle of as low as reasonably achievable (ALARA) was recommended for
protection of occupation upon the linear no-threshold dose response hypothesis for cancer
induction. We suggest this ALARA principle be applied to the fetus in therapeutic treatment of
the mother. Applications of the principle will in many instances reduce the total dose
equivalent to the fetus below dose thresholds for nonstochastic radiation effects. Thus
effective shielding of the fetus must be introduced when ever possible. In the specific instance
considered in this article of a therapeutic high energy photon beam treatment of the mother
shielding should be designed to reduce the scattered photon to the normal organs. Radiation
dose outside a photon treatment filed is mostly due to scattered photons.

This scattered dose is a function of the distance from the beam edge, treatment geometry,
primary photon energy and depth in the patient.

The need for effective shielding of the fetus is reinforced when one considers many pregnant
women are treated with external beam radiation therapy every year and then shielding
designed to reduce the scattered photon dose to normal organs have to considered.

2. Materials and methods

Irradiation was performed at a gantry angle of 0 degree in phantom using high energy photon
beams produced by a Varian 2100C/D medical linear accelerator (Varian Oncology Systems,
Palo Alto, CA) located at the Yonsei Cancer Center. The composite phantom used was
comprised pf a commercially available anthropomorphic Rando phantom (Phantom
Laboratory Inc., Salem, YN) and a rectangular solid polystyrene phantom of dimensions
30 cm x 30 cm x 20 cm. the anthropomorphic Rando phantom represents an average man
made from tissue equivalent materials that is transected into transverse slices of 2.5 cm
thickness. When assembled the 36 slices, numbered 0-35, Provide a head and torso with
skeleton, lungs, and air passages. Slices 20-28 correspond to the abdomen and were removed
and replaced by the polystyrene phantom.

Photon dose was measured using a Capintec PR-06C ionization chamber coupled to a
Capintec 192 electrometer(Capintec Inc., Ramsey, NJ) and this system had a calibration factor
traceable to a standards laboratory and the photon scattered doses were measured by inserting
the appropriate dosimeter in the milled a space located in one of the slice of the polystyrene
phantom.

In case of fetus, the dosimeter was placed at a depth of 10 cm in this phantom at 100 cm
source to axis distance and located centrally 15 cm from the inferior edge of the 30 cm x 30
cm x-ray beam irradiating the Rando phantom chest wall. A fraction of a typical patient
treatment dose was delivered during scattered dose measurement.

Of note is that a depth of 10 cm has been previously accepted as the standard depth of a fetus.
In our geometric setup the measurement location chosen as representative of the position of
the fetus corresponds approximately to an anatomical location that is 10 cm below the
umbilicus of the mother, According to the AAPM task group 36 report the mother's umbilicus
will be the height of the fundus at 20-22 weeks gestation. Obviously, the fetus occupies a
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volume that increases with the period of gestation and the depth of the midline of the fetus
will also vary with its position the size of the mother, and other factors.

A wooden bridge of size 40 cm x 40 cm and a clear space of about 21 cm was fabricated and
placed on top of the rectangular polystyrene phantom representing the abdomen of the patient.
The idea was to simulate the bridge being as close as possible to the patient's body
whileensuring the weighty of the bridge and shield rested on the legs of the bridge. Shielding
material comprised of 30 cm x 30 cm lead sheets of total thickness 6 cm was placed on the top
of the wooden bridge that covered the abdomen.

The scattered photon with and without shielding were measured at the representative position
of the fetus. The scattered photon dose was usually made for a 10 Gy primary photon beam
treatment, however to obtain good statistics

3. Results

Scattered photon doses of critical organs from various region by 10MV photon beam was
measured and presented in table 1.

The scattered photon dose for uterus and testicle can be reduced under 10 mSv when the lead
shield was used while the tumor region was irradiation by high energy photon beam and
presented in table 2.

Table 1. Scattered photon dose measured at critical organs from 10MV x-ray beam
irradiating various regions
unit: mGy/Gy F: in field
^^"""---—^^^ Region
Organs ~̂~~~~—_____̂ ^

Brain
Lens
Thyroid
Lung
Pancreas
Kidney
Uterus
Testicle

Thorax
12 xl2 cm

1.8
2.2
48.3
F
4.8
2.5
0.9
0.7

Abdomen
14xl4cm

0.2
0.3
1.9
20.2
F
F
6.2
4.2

Pelvis
14x14 cm

0.1
0.2
0.8
1.5
3.7
39.8
F
58.2

Table 2. Requirement lead thickness to be reduce under lOmGy for 60Gy irradiated on
field with 10MV x-ray
unit: cm F: in field
——_______̂ ^ Regio
Organ ~~ "——__________

Uterus
Testicular

Thorax

4.5
1.2

Abdomen

7.0
2.0

Pelvis

F
6.5

The results indicate that it is possible to improve shielding to reduce scattered photon and side
at the position of a fetus when a pregnant women is treated with a high energy photon beam.
The AAPM task group report 36 concentrated on shielding of the fetus from scattered photons
and recommended that the lead shielding be draped over the edge of the bridge to provide
extra shielding of the fetus against collimator scatter. This report also stated that it is prudent
to treat with photon beams generated by electrons less than 10 MeV if this modality is
adequate to treat the tumor.
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