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RADIATION PROTECTION IN
INTERVENTIONAL RADIOLOGY

-Richard L.. Morin, Ph.D.
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Interventional radiology procedures can require sub-
stantial amounts of ionizing radiation and therefore neces-
sitate particularly close attention to radiation protection.
In this chapter, radiation units, rcgulations, and the fun-
damental principles of radiation protection are reviewed.
Then the procedures and devices designed to reduce
panient and staff exposure in interventional radiology are
examined.

RapiaTiON UNITS

The fundamental interactions of x-rays with matter pro-
duce ion pairs via photoelectric and Compton interac-
tions.! The Raentgen (ST unit: coulomb (C) per kilogram) is
the unit used to measure the number of ion pairs produced
hy x- or 4 radiation in a standard volume of air. The process
of 1on parr production is formally termed radiation exposure
and 1s tundamental in radiation protection.

The number of ton pairs produced in aie does nol
directlv measure the amount of energy deposited in
another medium hecause of the differences in x-ray
absorption by different materials.! The rad is used as a mea-
sure of the radiation ahsorbed dose (energy deposited per
unit mass). A rad is equal to 100 ergs/g (S1 unit: joule per
kilogram or Gray (Gy)). This unit is of fundamental impor-
tance in patient dosimetry.

Tonizing radiations other than x- and y rays, such as o
particles or neutrons, may induce a greater biologic effect
for a given absorbed dose. To quantitate this observation,
the rem (SI unit: Sievert (Sv)) is used to measure the dose
equivalent. The rem is equal to the number of rads multi-
plied by a quality factor ranging from 1 to 20 that expresses
the degree of biologic insult for equal amounts of different
tvpes of ionizing radiation. The quality factor for x- and ¥
radiation is equal to 1. This unit is most often utilized in
health physics and personnel exposure measures. These
radiation units are summarized in Table 1.1.

RADIATION PROTECTION FUNDAMENTALS

In order to decrease the ahsorhed dose to the patient
and the exposure of the staff, the radiation protection

principles of time, distance, and shielding must be consid.
¢red. Radiation exposure is directly related to exposure

time, so by halving the exposure time, one halves radiation
dose. Because an x-ray beam diverges as it passes through
space, radiation intensity decreases as the inverse square of
the distance from the radiation source:

Hence, if the distance from a radiation source is doubled,
the radiation intensity decreases to one-fourth sts original
value (Fig. 1.1). Although this relation bolds strictly only
for a point source, the distance principle is useful in reduc-
ing clinical radiation exposure when the patient is the prin-
cipal source. The attenuation of an x-rav beam (loss nf
intensity as it passes through matter) is exponential (I =
I.e ™, where I and I, are the initial and transmitted radia.
tion, respectively, u is the attenuation coefficient of the
material (which depends on the atomic number and density
and on the energy of the photons). and X is the thickness of
the artenuating material). Therefore, smail amounts of
attenuating (shiwelding) material can greatly reduce the
intensity of an x-rav beam. For example, a 99% reduction
of adiagnostic x-ray beam is obtained by using a 0.5mm P'b-
equivalent material. Examples of exponential attenuation
for diagnostic radiology x-rav beams are shown in Figure
1.2.

interventional radiologv procedures, the continual -gb-

servation of these fundamental principles is of ~far

greater importance than in most areas of diagnost =

ology.
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Because {luoroscopy is utilized extensively during some ﬁ’
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Figure 1.3, Scatter radiation from sev-
&ral equipment configurations. Isoexpo-
sure lines are given in millirads/hr. A. Con-
ventional fluorascopy. B. Overhead tube.
C. Posteroanterior fluoroscopy with - or
U-arm, (Countesy of General Electrie Meg-
ical Systems Division.)
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to se¢ the beam entrance area directlv. In addition to the
amount of time spent in a particular area during a proce-
dure, overall distance from the patient is also important
and indeed may be a primary consideration for some staff
members. For example, anthropomorphic-phantom mea-
surerments of eye exposures for individuals 5 feet 10 inches
and 6 feet 4 inches tall demonstrated an exposure increase
of approximately 70-115% for the shorter individual.? Dif-
ferent radiation protection considerations therefore may
be necessary depending on staff members’ heights.
Because it is not always possible to change one's position
relative to the beam, many devices have heen suggested to
reduce staff exposure during interventional radiology pro-
cedures.®~"" Unfortunately, effective devices are often
somewhat awkward given the usual time and space
demands of interventional radiology.

In addition to time. distance, and shiclding, another
important radiation protection parameter is x-rav beam
size. The amount of scattered radiation exposure is directly
related 10 beam size. In addition, the patient dose and
image quality are affccted by changes in collimation.
Hence, by limiting the beam size to the smallest necessary
area, the fluoroscopist can decrease both personnel and
patient exposures while improving image quality.

The recent concept of surface shielding consists of
shielding the operator’s line of sight from the patient’s sur-
face rather than the operator’s level.'* The shielding may
be fabricated in strips or solid pieces from lead aprons and
therefore may be sterilized for reuse. Typical radiation
exposure reductions with a 0.77mm surface shield can
range from 33-75% (Fig. 1.4). The use of such devices is

az)

important to minimize staff radiation exposures and (o
ply with regulations.

To provide perspective on the radiation exposti
eticountered in interventional radiology, consider the f:
lowing example:

If  Radiation exposure = 300 mR/hr,
fluoroscopy time = 0.5 hr/exam, and
maximum permissible exposure = 1,25
R/quarter,

then Allowable proccdures = 8 exams/quartet!

The importance of attention to radiation protection cu
ing these procedures is apparent (Table 1.4).

In summary, to minimize personnel exposure duit:
fluoroscopic interventional radiology, the lowest acceyp
able exposure rate and smallest acceptable field size shou:
be used with the most efficacious equipment configur:
tion.”"~** Additionally, although the inverse-square law :
not strictly maintained in fluoroscopy.* distance from th
patient should be maximized, and, when possible, shieldin

matenal should be placed between the patient and perser
ael.

RADIATION PROTECTION IN

CINEFLUOROGRAPHY _

Because cinefluorography (cine) is an extension of tlu
oroscopy, all of the previous radiation protection ¢omusit

erations applv; however, radiation exposure is significar:iit
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Figure 1.4. Scatter radiation reduction with surface shielding (2.8 R/min
patient skin entrance exposure), A, Vertical fiuoroscopy without shielding.
B. Oblique (45°) fluoroacopy without shielding. C. Vertical fluoroscopy
with 2 25 X 15cm (0.75mm lead equivalent) surface shield. D. Oblique

higher for the patient as well as the staff. Typical patient
<kin entrance exposures can range from 20-90 R/
min, = depending on the svstem and image acquisition
parameters—substantially higher than the typical 2-3 R/
min?*® skin entrance exposures in fluoroscopy. The scat
tered radiation levels shown in Figure 1.4 were obtained
with a skin entrance exposure of 2.8 R/min; to depict the
cine scattered radiation exposure, the values in the figure

should be multiplied by a factor of 7 1o 32 Eye exposures
for cine without shielding would range from 245-3520

Table 1.4. Maximum Number of Fluoroscopic Procedures
in @ 3-Manth Period without Exceeding Eye Exposure of
1.25 R/Quarter

Frioroscopic Radiaton Exposure at Eye Level (mR/hr)

Time per :

Procadure
™ 10 25 50 100 200 300
0.10 1250 500 250 125 62 A4t
0.25 500 200 100 g0 25 16
0.50 250 100 50 25 12 8
0.76 166 67 a3 i8 8 5
1.00 128 50 25 12 6 4
1.50 83 ¥] 18 8 4 2
2.00 62 3 2

25 12 6

" Eve exposure =110mR/hr

Scale (ft).
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{45°) flucroscopy with surface shigiding in place. (Reprinted from Young
AT. Morin RL. Hunter DW, et al: Surface Shigld: device to reduce person-
nel radiation exposure. Aadiology 1986;159:801-803 with permission of
the Radiological Society of North America, Inc.)

mR/hr. The use of surface shi¢lding would decrease these
eve exposures to 105-896 mR/hr. Additionally, measure-
ments indicate that eve exposure reductions of 84% are
possible by changing the operator's position from tableside
10 30cm from the table.*® Such reduchons are sysiem-
dependent and should be verified for a particular radiol-
ogy suite,

From these observations, it is apparent that distance and
shiclding radiation protection techniques should receive
increascd attention when cine is used during interven-
tional radiology procedures.

RADIATION PROTECTION IN COMPUTED
TOMOGRAPHY

The scatter radiation distribution surrounding a com-
puted tomography (CT) scanner is. of course, quite difter-
ent from the exposure levels found in fluoroscopy, both
because the beam area is much smaller during slice acqui-
sition and because the x-ray tube gantry surrounds the
patient, thereby providing shielding. Typical soexposure
lines for a CT scanner are shown in Figure 1.5.'%* Head
and neck exposures could range from approximatelv 300-
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