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T he following recommended practices were 
developed by the AORN Recommended Prac-
tices Committee and have been approved by 

the AORN Board of Directors. They were presented 
as proposed recommended practices for comments by 
members and others. They are effective January 1, 
2007. These recommended practices are intended as 
achievable recommendations representing what is 
believed to be an optimal level of practice. Policies 
and procedures will reflect variations in practice set-
tings and/or clinical situations that determine the 
degree to which the recommended practices can be 
implemented. AORN recognizes the numerous types 
of settings in which perioperative nurses practice. 
These recommended practices are intended as guide-
lines adaptable to various practice settings. These 
practice settings include traditional operating rooms, 
ambulatory surgery centers, physicians’ offices, car-
diac catheterization suites, endoscopy suites, radiol-
ogy and interventional radiology departments, and 
all other areas where operative and other invasive 
procedures may be performed.

Purpose 
Radiological procedures are an invaluable medical 
diagnostic and treatment tool and, if proper safety 
procedures are followed, create only minimal risks to 
both the patient and medical personnel. Ionizing 
radiation is useful for diagnostic, interventional, and 
therapeutic procedures. Ionizing radiation can dam-
age living tissues and may produce long-term effects. 
Patients and personnel should be protected from 
unsafe levels of radiation that are not medically indi-
cated because of the potential hazardous effects of 
ionizing radiation exposure on tissue over time. Evi-
dence has demonstrated that ionizing radiation also 
can harm a developing embryo. The greatest risk is 
the development of cancer. Health care workers who 
do not protect themselves from scatter radiation are 
especially at risk when performing interventional 
procedures because of significantly increased expo-
sure time and close proximity during the procedure. 

Prevention of radiation injury requires the applica-
tion of principles of physics and radiological safety 
standards. Policies addressing education, credential-
ing, and radiological safety and maintenance must be 
in accordance with national regulatory standards and 
manufacturers’ documented instructions.1

The overall goal of a radiation safety program 
should be to keep the risks from ionizing radiation as 
low as reasonably achievable.2 Time, distance, and 
shielding should be employed to keep radiation expo-
sure within safe levels. The National Council on Radi-
ation Protection and Measurements has established 
guidelines for total dose radiation limits for radiation 
workers. In 1995, the Conference of Radiation Control 

Program Directors, a nonregulatory organization, pub-
lished recommendations for state regulatory agencies.3 
Each state develops and implements regulations gov-
erning safe use of  radiation-producing equipment and 
radioactive materials. Using safety measures of limit-
ing exposure time and using protective shields (eg, 
thyroid shields, lead aprons, protective eyeglasses) is 
addressed.4 Radiology departments use both diagnos-
tic and interventional techniques in a wide variety of 
invasive applications and are included in this recom-
mended practice. Interventional radiology nurses 
assist with procedures that include, but are not limited 
to, intravascular repairs such as 

• inserting stents;
• placing shunts; 
• performing embolization procedures; 
• performing genitourinary procedures (eg, percu-

taneous nephrostomy tube placement, stone 
obliteration, balloon dilatation);

• draining abscesses; and 
• performing laparoscopic tumor biopsies.
A primary responsibility of the interventional 

radiology nurse is to protect personnel and patients 
from high doses of radiation used during these 
 procedures.4

Low dose-rate and high dose-rate brachytherapy 
both use ionizing radiation and are included in this 
recommended practice. Brachytherapy is the use of 
radioactive isotopes to treat malignancies and benign 
conditions. The radioactive source is inserted close to 
the treatment site or tumor. This therapy is used to 
treat tumors of the head, neck, breast, cervix, prostate, 
and endometrium, and to treat obstructive esophageal 
and bronchial lesions. Delivering high dose-rate 
brachytherapy, including that which is used during 
cardiovascular revascularization procedures, requires 
limiting radiation exposure to the patient and person-
nel. Personnel should have a thorough understanding 
of the physical effects of radiation and the regulatory 
guidelines established to ensure patient and personnel 
safety.5

Lasers, which are recognized to be nonionizing radia-
tion, are not within the scope of these recommended 
practices. These recommended practices provide guid-
ance for developing institutional policies and proce-
dures that can be used collaboratively by personnel in 
the radiology and surgical services departments and by 
the facility radiation safety officer.

The primary nursing diagnosis applicable in this 
recommended practice is the risk for impaired skin 
integrity from the effects of gamma radiation. To 
ensure optimal outcomes, the perioperative nurse 
should assess the patient at the end of the procedure 
to ensure that the patient’s skin remains smooth, 
intact, and free from unexpected redness, blistering, 
or tenderness.6 Each of the following recommended 

Recommended Practices for Reducing Radiological 
Exposure in the Perioperative Practice Setting
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RP: Reducing Radiological Exposure
practices is a nursing intervention intended to protect 
the patient and staff members and ensure optimal 
outcomes.

Recommendation I

The patient’s exposure to radiation should be  minimized.

1. The patient’s exposure to radiation should be lim-
ited to situations in which it is medically indi-
cated and to the anatomical structures being 
treated. Fluoroscopy delivers some of the largest 
doses of radiation to patients.7 Serious skin inju-
ries to patients undergoing certain fluoroscopic 
procedures have been reported. The greatest dose 
of radiation to the patient occurs on the patient’s 
skin, where the beam enters the body. The deci-
sion to use fluoroscopy during medical or surgical 
procedures should be approached with caution, 
weighing the benefits afforded by the technology 
against the need to keep radiation exposure 
limited.7

2. The perioperative registered nurse should review 
the patient record for relevant history involving 
radiation exposure and record study parameters 
such as fluoroscopy time and area irradiated. He 
or she also should advise the treating physician of 
any pertinent information that would be impor-
tant in reducing patient risk. 

3. The perioperative registered nurse should assess 
the patient for any previous procedure involving 
radioactive material (ie, nuclear medicine, radia-
tion oncology). It may be necessary to delay the 
procedure if there is significant radioactive mate-
rial remaining in the patient. The physician 
responsible for the radiation treatment or diag-
nostic procedure should be consulted to deter-
mine exposure levels.

4. All reasonable means of reconciling an incorrect 
sponge, needle, or instrument count should be 
attempted before using a radiological examination 
to locate a sponge, sharp, or instrument that may 
be missing. Certain procedures, because of the 
complexity of the number of instruments used, 
may necessitate a postoperative x-ray as stated in 
the “Recommended practices for sponge, sharp, 
and instrument counts.”8 Controlling the amount 
of total fluoroscopic beam “on” time for these 
procedures through judicious control of the expo-
sure time may help ensure that radiation expo-
sure is as low as reasonably achievable.4

Recommendation II

The patient should be protected from unnecessary radiation 
exposure. 

1. Care should be taken to keep extraneous body 
parts out of the radiation beam to prevent injury. 
Reports have shown that arms and breast tissue 
have been injured as a result of increased  

unintended radiation.6 Parts of the patient’s body 
not included in the intended radiation field that 
are located on the x-ray tube side can accumulate 
dose rapidly.4 Implementing protective measures 
(eg, protective lead shielding) helps to prevent 
injury from radiation sources.1 Lead shielding 
should be placed between the patient and the 
source of radiation.9 Shielding placed on the 
wrong side (ie, away from the source) can actu-
ally increase the dose to the patient. Lead shield-
ing should not be in the beam in fluoroscopic pro-
cedures (eg, hand surgery).

2. Lead shielding should be used, when possible, to 
protect the thyroid during x-ray studies of the 
upper extremities, trunk, and head. Thyroid and 
lymphoid tissues are shown to be sensitive to 
radiation exposure.9 

3. Lead shielding should be used, when possible, to 
protect the patient’s ovaries or testes (ie, gonads) 
during x-ray studies, including those performed 
on the hips and upper legs. 

4. Female patients of childbearing age should be 
questioned about the possibility of pregnancy. 
• If the possibility of pregnancy exists, the sur-

geon should be notified to determine the advis-
ability of continuing or postponing the 
procedure.

• Lead shielding should be used to protect the 
fetus when other areas of a pregnant woman’s 
body are x-rayed. The fetus is highly sensitive to 
ionizing radiation. Scatter radiation may expose 
the fetus to low-level radiation. Radiation to the 
abdomen and pelvis in women who are preg-
nant or may be pregnant poses an increased risk 
to the fetus and may result in childhood can-
cers.10,11 Proper safety measures minimize the 
actual risk. The perioperative nurse should 
assess the history of all premenopausal women 
to ensure that they are aware of radiation expo-
sure risks during pregnancy.6

Recommendation III

Occupational exposure to radiation should be minimized.

Guidelines for radiation safety are based on the princi-
ples of time, distance, and shielding. When exposed to 
radiation at a constant rate, the total dose equivalent 
received depends on the length of time exposed. If the 
distance from the point source of radiation is doubled, 
the exposure is quartered.1 Radiation that scatters as 
the x-ray beam passes through the patient is the main 
source of radiation exposure. Passage through materi-
als reduces the amount of radiation. State and govern-
ment regulations that stipulate the dose limits for 
occupational exposure are described in the glossary. 

1. Warning signs should be posted to alert person-
nel to potential radiation hazards at entrances to 
ORs and procedure rooms where radiological 
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equipment is in use, as required by state regula-
tions. State regulations provide requirements for 
posting warning signs at entrances to rooms 
where radiation is a potential hazard. These 
requirements apply equally to all areas where 
radiological equipment is used. Applicable state 
regulations should be followed. 

2. Personnel should limit the amount of time spent 
in close proximity to the radiation source when 
exposure to radiation is possible.12 Minimizing 
beam “on” time during fluoroscopic procedures 
by using the last-image hold feature may decrease 
the dose of radiation to the patient and 
personnel.4,7 

3. The radiation equipment operator should notify 
personnel present in the treatment room before 
activating the equipment.12

4. During intracoronary brachytherapy, close contact 
with the patient should be limited to less than 
five minutes whenever possible. An authorized 
user, medical physicist, or radiation safety officer 
should be present before the therapy is initiated 
to ensure staff member safety. Designated safe 
areas should be determined before initiating treat-
ment to allow staff members to distance them-
selves from exposure to increased radiation 
levels.13 

5. Personnel should be aware of scatter radiation that 
is emitted from the patient in all directions in both 
radiological and fluoroscopic procedures.13 Scatter 
radiation is a significant hazard to personnel, espe-
cially in fluoroscopic procedures. Variability exists 
as to the total amount of radiation that is emitted 
due to the intensity of the radiation primary beam, 
the size of the beam area, and the patient’s dimen-
sions. Larger patients may require greater radiation 
beam intensity in order to produce greater image 
quality, which may result in greater radiation 
scatter.12

6. During fluoroscopic procedures, personnel 
should keep the patient as close as possible to the 
image intensifier side of the fluoroscopic unit and 
away from the tube side of the unit. Keeping the 
patient close to the image intensifier side lowers 
the dose required to produce an image, decreases 
the amount of radiation scatter, and decreases the 
amount of radiation emitted to the personnel 
assisting with the procedure. Doubling the dis-
tance from the source of emitting radiation 
reduces the intensity of the radiation by a factor 
of four.12

7. To reduce exposure, personnel involved in fluoro-
scopic procedures should stand on the image 
intensifier side of the fluoroscopic unit whenever 
possible.14 Using fluoroscopy in lateral views 
tends to produce greater radiation scatter from the 
patient. Personnel standing on the same side as 
the image intensifier experience a decrease in 
radiation intensity.3,12 

8. Personnel assisting with radiological procedures 
should not hold the patient manually for a study 
because of the risk of exposure by the direct 
beam.12 Slings, traction devices, and sandbags 
should be used to maintain patient position dur-
ing radiation exposure. Cassette holders should 
be used to position films. If manual holding can-
not be avoided, the individual should be pro-
tected from the primary x-ray beam. A 0.5 mm 
lead-equivalent shield or apron should be worn. 

9. Whenever possible, shielding should be 
employed to provide attenuation of the radiation 
being delivered to the personnel potentially 
exposed.14 Types of shielding available to person-
nel may include, but are not limited to,
• walls, windows, control booths, and doors;
• mobile rigid shields on wheels for transport to 

various areas;
• ceiling-suspended transparent barriers; 
• flexible aprons (eg, wraparound, open backs), 

vests, skirts, thyroid shields, and gloves; and 
• leaded safety eyeglasses with side shields.

10. Personnel who may have to stand with their 
backs to the radiation beam should wear wrap-
around aprons to decrease the risk of exposure. It 
is important to note, however, that wraparound 
aprons may not provide the same level of protec-
tion to both sides of the staff member because the 
front of the apron usually is double in thickness.3 
Personnel should turn toward the radiation beam 
when possible to minimize the dose of radiation 
during a procedure and maximize safety. Light-
weight aprons that meet the thickness require-
ments should be considered for comfort and user 
compliance.

11. Shielding of the upper legs of personnel near the 
radiation beam (eg, oblique imaging with the x-ray 
tube in close proximity to the lower body of the 
operator) should be initiated to protect the long 
bones and bone marrow from increased doses of 
radiation. Aprons should be as long and as wide as 
needed to provide protection.12

12. Shielding of the upper chest and neck of person-
nel nearest the x-ray tube (eg, oblique imaging 
with the x-ray tube in close proximity to the 
upper chest of the operator) may reduce radiation 
risk. Thyroid shields should be worn to protect 
the thyroid whenever the likelihood of the proce-
dure (eg, orthopedic spinal fixation procedures) 
places the operator at higher risk because of 
increased exposure.15 Females should protect 
their breasts from radiation exposure and aprons 
should cover the area completely.3

13. Some individuals who will be farther away from 
the x-ray beam may choose to wear aprons with 
less protection because they are lighter and cause 
less muscle strain. If aprons with different levels of 
protection are stored in the same area, the aprons 
that have less protection should be easily identi-
fied to avoid confusion as to the level of safety 
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RP: Reducing Radiological Exposure
afforded to the personnel who are wearing them. 
State regulations should be followed concerning 
the minimum thickness required for aprons in the 
facility.3

14. Shielding the lens of the eye by using leaded face 
shields or leaded eyeglasses with wraparound side 
shields should be used to reduce scatter radiation 
to the operator when it is anticipated that increased 
fluoroscopic time may be necessary. Repeated 
exposure of the eyes over time can produce ulcer-
ation of the cornea and cataracts.16 Leaded eyewear 
is recommended for personnel who are likely to 
receive levels of radiation measured by collar badge 
readings above 15,000 millirem roentgen equiva-
lent unit (mrem) per year annually. Side eye shields 
also may be beneficial for personnel who perform 
procedures during which it is necessary to turn 
away from the radiation beam.12

15. Personnel participating in fluoroscopic proce-
dures during which they are less than 24 inches 
(ie, 70 cm) away from the x-ray beam may con-
sider routinely wearing a thyroid shield and 
leaded eyeglasses especially during procedures 
where increased time/dose to the patient are 
performed.17 

16. In general, no part of the operator’s body should 
be in the direct x-ray beam. If the  operator’s hand 
will be in the direct beam, radiation attenuation 
gloves should be considered. These gloves afford 
some protection and may be of benefit in reduc-
ing the amount of radiation exposure during a 
procedure. Most radiation attenuation gloves pro-
vide only 33% to 35% safety attenuation.15 Out-
side the direct beam, protective gloves are very 
cumbersome and the inconvenience may out-
weigh any  protective advantage. Even if protec-
tive gloves are worn, hands still should be kept 
out of the  x-ray beam as much as possible. 
Remote  handling devices (eg, forceps) should be 
used whenever possible to minimize the need for 
the operator’s hand to be exposed to radiation.12

17. Occupational exposure should be minimized dur-
ing sentinel node biopsy. Sentinel node biopsy is 
useful in demonstrating evidence of micrometa-
static disease. A gamma-emitting radiocolloid (ie, 
technetium-99m) can be injected into the patient’s 
tissue to find the sentinel node.18 The use of time, 
distance, and shielding should be employed during 
these procedures to limit personnel exposure to the 
radioactive isotope. The risk of radiation exposure 
in these procedures is minimal. Sentinel nodes 
demonstrating radioactivity should be labeled as 
radioactive before transporting the specimens from 
the OR. 

18. Personnel with known or suspected pregnancy 
should declare this condition to the radiation 
safety officer or other appropriate facility channels. 
State regulations vary regarding pregnant person-
nel and radiation safety. State guidelines are based 
upon the US Nuclear Regulatory Commission 

(NRC) guidelines regarding confidentiality in the 
pregnant worker. Disclosure of the pregnancy, even 
if it is obvious, is not required. A written, volun-
tary, official declaration that includes the esti-
mated date of conception may be used to base the 
total dose limit to the pregnant person.3 The NRC 
guidelines include the following.
• Occupational dose to the embryo or fetus of an 

occupationally exposed staff member who has 
declared her pregnancy must not exceed 0.5 rem 
during the entire gestational period.

• Dose should be uniform over time and not all 
at once (ie, at one point in the gestational 
period). 

• Deep-dose equivalent of the declared pregnant 
worker must be used as the dose to the embryo or 
fetus. The dosimeter should be worn at the waist 
under the apron shield.3 Radiation must pass 
through several layers of tissue before reaching 
the fetus; therefore, this dosimeter reading does 
not reflect the amount of radiation reaching the 
fetus. Leaded shielding will attenuate 95% to 
98% of the radiation.

19. State regulations regarding the monitoring of radi-
ation in pregnant workers may monitor radiation 
differently as evidenced by the number of dosim-
eters worn, the area(s) the dosimeters are placed 
on the body, and whether the dosimeters are 
placed under or over shielding during the 
procedure.3

20. Maternity aprons may be worn to decrease the 
amount of radiation to the embryo or fetus. 
Although there is double thickness in the area 
where most pregnant workers need the protec-
tion, caution should be used by the pregnant 
worker when turning away from the x-ray beam. 
Most aprons do not shield the back of the preg-
nant worker.3 These aprons are heavier and may 
be more difficult to wear, placing extra strain on 
the shoulders of the pregnant worker. Organiza-
tions may decide to purchase these aprons for 
pregnant workers and should mark the aprons to 
make the aprons easy to identify and ensure that 
they will be available for those who choose to 
wear them.

Recommendation IV

Shielding devices should be handled carefully, visually examined 
before use, and x-rayed at least annually to detect and prevent 
damage that could diminish their effectiveness.

1. Newly purchased leaded protective devices 
should be tested for attenuation and for shielding 
properties to check for cracks and holes in ship-
ping before use. Subsequently, all leaded protec-
tive devices should be checked for defects and 
wear at least annually and whenever damage is 
suspected.3 The frequency of testing is dependent 
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upon the type of device used and the care that the 
device receives as it is used because excessive 
misuse can increase the risk of cracks and 
damage.19,20

2. Leaded aprons and thyroid shields should be 
stored flat or hung vertically and should not be 
folded. Leaded aprons and shields are susceptible 
to cracking, which can reduce the apron’s effec-
tiveness as a shielding barrier. 

3. Testing documentation of all leaded protective 
devices should be maintained in the radiology 
department or in the facility safety office. Areas 
that purchase new aprons should notify the 
department where the testing is performed so 
records are kept up-to-date and accurate. All 
aprons should be labeled or numbered so that 
each apron can be tracked if necessary.

4. Protective devices should be cleaned with an 
EPA-registered hospital disinfectant after  
every use.

Recommendation V

Individuals should be protected from exposure to patients who 
have received diagnostic or therapeutic radionuclides that may 
pose a radiation risk.

1. Facilities that use therapeutic radionuclides 
should employ a radiation safety officer. This indi-
vidual should determine specific organizational 
policies and procedures. The primary function of 
the radiation safety officer is supervision of the 
daily operation of the radiation safety program to 
ensure that individuals are protected from radia-
tion. The radiation safety officer should determine 
which individuals are in frequent proximity to 
radiation, which should wear monitoring devices, 
and how occupational exposure is monitored and 
recorded. 

2. Personnel should use the principles of time, dis-
tance, and shielding when caring for patients 
who have received therapeutic radionuclides. 
Radionuclide materials are absorbed by the body 
and safety precautions are required depending on 
the absorption and excretion of the radionuclide.3 
Patients who have received radionuclides emit 
radiation until the nuclide has decayed or has 
been eliminated.20 Body fluids and tissue 
removed from patients who have undergone 
recent diagnostic nuclear medicine studies 
should be handled according to radiation safety 
procedures and standard precautions and should 
be labeled radioactive. These procedures should 
be based on government regulations and 
recommendations. 

3. Contamination-control measures should be 
applied to the use of unsealed radioactive materi-
als.1 When transferring patients who received ther-
apeutic radionuclides in the OR, perioperative 

personnel should notify personnel receiving the 
patients of the radiation source and anatomical 
location before patient transfer. All radiation pre-
cautions should be observed during transfer of the 
patient from one area or unit to another. The radi-
ation safety officer should establish policies con-
cerning how patients are transferred after receiv-
ing therapeutic radionuclides to minimize 
exposure to staff members. Advance communica-
tion allows personnel time to protect themselves, 
the patient’s visitors and family members, and 
other patients from unnecessary exposure to 
radiation.5

4. Preparation of sealed radionuclides, such as pros-
tatic seeds, may require sterilization before use. 
Manufacturers’ written instructions should be fol-
lowed for sterilization. Sealed radionuclides requir-
ing sterilization should be packaged and sterilized 
according to the “Recommended practices for ster-
ilization in perioperative practice settings.”21 Pre-
vacuum sterilization cycles should not be used 
because the vacuum may displace the seeds and 
potentially cause a radiation hazard to personnel.22 
Flash sterilization of the seeds should be avoided. 
Implantable medical devices should not be flash 
sterilized because of possible patient complications 
and because it is difficult to ensure aseptic delivery 
and personnel safety. Varying sterilization times 
have been cited in the literature. Health care facili-
ties may wish to purchase pre-sterilized seeds or 
needles to minimize the risk to personnel who have 
to prepare these devices for use.23

5. Manufacturers’ written instructions for prepara-
tion of eye plaques should be followed. Eye 
plaques are a form of brachytherapy used for 
treatment of choroidal melanoma.24 Radionuclide 
seeds are placed in silicone tubes and secured to 
gold discs sutured next to the tumor. Gold is used 
to decrease the amount of scatter radiation to the 
adjacent retina, choroid, and optic nerve. The 
same guidelines should be used as for other types 
of radioactive seeds. The radiation safety officer 
or a designee should ensure containment of the 
seeds.

6. The radiation safety officer or a designee should 
ensure compliance with NRC regulations when 
prostatic radionuclides are sterilized and used in 
the OR. This person should control and maintain 
strict surveillance of the radionuclides that are in 
controlled or unrestricted areas and that are not 
in storage.25 

7. If radionuclide seeds such as prostate seeds are 
processed for use in a central processing depart-
ment, the seeds must remain in constant surveil-
lance during the entire processing period and 
delivery to the OR.25 Central processing supervi-
sors should consult the radiation safety officer for 
questions concerning dose limits and surveillance 
in central processing. Dosimeter monitoring and 
specific training may be required to ensure that 
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dose limits fall within the established guidelines. 
Staff members who sterilize prostatic seeds 
should receive training from the radiation safety 
officer that includes techniques for
• handling radioactive nuclides;
• minimizing exposure to radiation (ie, as low as 

reasonably achievable);
• controlling and providing security for the 

material (ie, constant surveillance); and
• emergency response to spills of radioactive 

material.23

Recommendation VI

Radiation monitors or dosimeters should be worn by personnel 
who are in frequent proximity to radiation as determined by the 
radiation safety officer. 

1. Individuals must comply with state regulations 
concerning placement of the monitors worn.  Per-
sonnel who routinely are involved in fluoroscopic 
procedures should wear at least one radiation 
monitor approved by the National Voluntary Lab-
oratory Accreditation Program.26 When single 
monitoring devices are used, they should be worn 
on the same area of the body by all health care 
personnel. Radiation monitoring devices are the 
principal mechanism for monitoring radiation 
exposure of the personnel on a day-to-day basis 
and, therefore, should be used consistently by 
health care personnel working with radiation.14 

2. State regulations for radiation monitoring must be 
followed. When two monitoring devices are used, 
one usually is worn at the neckline outside the 
leaded apron and the other inside the leaded 
apron. The monitor worn under the apron mea-
sures whole-body levels, while the one at the 
neckline measures head, neck, and lens of the eye 
exposure.26 The radiation safety officer may 
require that the monitors be worn at other sites 
depending on the dose information desired. Per-
sonnel monitoring is required for individuals 
who have a reasonable probability of exceeding 
10% of the occupational dose equivalent limit of 
0.05 Sievert (Sv) (ie, 5 rem) per year.27 Practitio-
ners who perform interventional vascular, biliary 
tract, or genitourinary tract procedures should 
wear a finger monitor in the same location for 
every procedure.26

3. Radiation monitors or radiation dosimeters 
should be worn at the waist for all pregnant per-
sonnel and read monthly, not quarterly.1

4. Radiation monitoring devices or dosimeters 
should be removed and stored at the facility at 
the end of every workday. Radiation monitoring 
devices should not be removed and taken home 
because the device will collect ionizing radiation 
from other sources (eg, sun, soil, airport scan-
ners). Documentation of the readings of the 
dosimeters should be kept in the facility’s safety 
office. 

Recommendation VII

Therapeutic radiation sources should be handled minimally to 
minimize exposure. Protective measures are implemented to 
prevent injury.2,6 

1. Radioactive materials always should be used 
under direct supervision of the radiation safety 
officer or an authorized user. Radioactive materi-
als should be kept in a protective container. The 
container reduces, but does not eliminate, exposure 
to radiation. Radioactive sources should never be 
left unattended when not in use.1 Transport con-
tainers should remain under the direct supervision 
of the radiation safety officer or authorized user, or 
locked in a safe storage area.13 Radioactive waste 
should never be placed in a nonradioactive waste 
container.

2. Radioactive sealed sources (eg, capsules, seeds, 
needles) should be handled with forceps, tongs, or 
tube racks. Forceps are used to increase the dis-
tance between the health care worker and the radia-
tion source. Health care workers should never han-
dle a sealed source with hands or fingers. Radiation 
protective gloves and aprons do not provide ade-
quate shielding of therapeutic radionuclides; their 
inconvenience precludes their use for therapy. 
Examination gloves do not provide radiation 
shielding. They serve to control contamination if 
the radionuclide is a liquid or an unsealed source.1

3. Radioactive spills must be contained and dis-
posed of in accordance with state and federal reg-
ulations. The source should be contained and 
completely removed, and the area cleaned thor-
oughly to remove any residual contamination. 
The area should be tested to verify that all radio-
active material has been removed. Supplies used 
for cleanup should be discarded as radioactive 
waste. Perioperative registered nurses who work 
in this environment must receive training from 
the radiation safety officer or designee annually.1

4. An appropriate label (ie, radioactive waste label) 
must be placed on all radioactive waste. Such 
labels should include at least
• radioisotope name,
• activity,
• date of disposal, and
• radiation personnel’s/authorized user’s full 

name and contact information.1

Recommendation VIII

Measures taken to protect patients during the procedure from 
the risks of direct and indirect radiation exposure should be 
documented on the perioperative nursing record.

1. Perioperative nursing documentation should 
include the type of patient protection and the 
area(s) protected. Documentation of nursing inter-
ventions promotes continuity of patient care, 
improves communication among health care team 
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members, and serves as a medical legal record of 
patient care.28 Documentation of the protective 
measures used is necessary to track outcomes and 
ensure safety of the patient and staff members. 

2. Documentation should include the perioperative 
nurse’s patient skin assessment, including signs 
and symptoms of injury to the skin and tissue as 
evidenced by
• redness,
• abrasions,
• bruising,
• blistering, or
• edema.2

3. The Perioperative Nursing Data Set (PNDS), the 
uniform perioperative nursing vocabulary, should 
be used to document patient care and to develop 
policies and procedures related to radiological 
safety. The expected outcome of primary impor-
tance to this recommended practice is “The 
patient is free from signs and symptoms of radia-
tion injury.” This outcome falls within the 
domain of Safety. The associated nursing diagno-
sis is “Risk of impaired skin integrity.” The asso-
ciated interventions that may lead to the desired 
outcome may be “Assesses history of previous 
radiation exposure”; “Verifies operative proce-
dure, surgical site, and laterality”; and “Imple-
ments protective measures to prevent injury due 
to radiation sources.”6 

Recommendation IX

Policies and procedures regarding radiation exposure should be 
written, reviewed periodically, and readily available within the 
practice setting.

1. Policies and procedures should be developed col-
laboratively and approved by perioperative per-
sonnel, the radiation safety officer, or the director 
of the radiology department in cooperation with 
safety committee members or the radiation safety 
expert in accordance with government regula-
tions. Polices and procedures should be reviewed 
by a medical radiation physicist. Collaboration 
should ensure compliance with current radiation 
safety policies and contribute to quality patient 
care.1

2. Polices and procedures should include, but are 
not limited to,
• establishing authority, responsibility, and 

accountability for radiation safety;
• identifying measures for protecting patients 

and personnel from unnecessary exposure to 
ionizing radiation;

• developing procedures for handling and dis-
posing of body fluids and tissue that may be 
radioactive;

• ensuring that appropriate personnel wear radi-
ation monitoring devices; and

• scheduling radiographic testing of leaded pro-
tective devices.

3. Policies and procedures should be established in 
conjunction with the radiation safety officer for 
radiation safety training and competency in spe-
cial handling techniques for personnel in the cen-
tral processing department if sterilization of radi-
ation seeds is performed there.

Recommendation X

Personnel should receive initial education, training, and compe-
tency validation and at least annual updates on new regulations 
and procedures. 

1. All authorized users and radiation workers 
should complete initial training to include
• radiation safety (eg, risk, hazards, spill 

containment);
• biological effects of radiation;
• regulatory requirements; and
• environmental workplace techniques and 

procedures.

2. Documentation of training should include the 
above components and be maintained by the radia-
tion safety officer.1 Personnel who have not been 
involved in radiation procedures during the pre-
ceding two-year period should complete a refresher 
education and training program.

3. The radiation safety officer should provide 
annual competency validation, to include
• a refresher course and testing for radiation 

safety and
• a review of new regulations or procedures. 

4. Educational programs should be developed to 
enhance knowledge that minimizes patient, per-
sonnel, and public risk of unnecessary exposure. 

Recommendation XI

Only personnel who have received specific state-approved 
radiological training may be permitted to operate radiographic 
equipment.26

1. State-specific regulations must be followed regard-
ing who may operate radiographic equipment. Leg-
islation has been issued in various states restricting 
the use of this equipment to specific personnel who 
have demonstrated successful completion of formal 
education and training.

2. Operators of miniature mobile fluoroscopy units 
must adhere to the same state and federal regula-
tions as all other radiological sources. The manu-
facturer’s safety recommendations for the use of 
the device should be used when writing policies 
and procedures for the facility.

Glossary

Absorbed dose: The energy imparted to matter by 
ionizing radiation per unit mass of irradiated material 
at the place of interest. The special units of absorbed 
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dose are the radiation absorbed dose (rad) (ie, 0.01 
joule per kilogram) and gray (gy) (ie, one joule per kilo-
gram), which is equal to 100 rads). The units for bio-
logical effective dose are the rem and sievert (sv). 

Attenuation: The process by which a beam of radia-
tion is reduced in intensity when passing through 
some material.

Authorized user: A physician or someone who has 
received special training or is credentialed to use 
radioactive materials and understands radiation phys-
ics, radiobiology, radiation safety, and radiation 
management.

Beam: A unidirectional flow of particle or electro-
magnetic radiation.

Conference of Radiation Control Program Directors 
(CRCPD): A nonregulatory organization that is a 501(c)
(3) nonprofit, nongovernmental, professional organiza-
tion dedicated to radiation protection.

Deep dose equivalent: The dose equivalent at a tis-
sue depth of 1 cm; applies to the external whole body 
exposure.

Distance: The physical space between a source of 
radiation and its target (or the distance away from a 
source of radiation). The greater the distance an indi-
vidual or target is from the source of radiation, the less 
the amount of radiation exposure. The inverse-square 
law applies—at a 4-ft distance from the source, the 
exposure received is approximately one quarter of that 
received at a 2-ft distance. Likewise, at a 6-ft distance 
the radiation is one ninth that received at a 2-ft 
distance. 

Dosimeter: A device that is used to determine the 
external radiation dose that a person has received.

Equipment operator: A person with demonstrated 
qualifications and competency to operate a fluoro-
scopic system while exposing a patient to radiation. 
According to the American College of Radiology tech-
nical standard, only a physician is qualified to hold 
this title. Registered and/or licensed radiologic tech-
nologists or radiation therapists may perform fluoro-
scopic procedures if they are monitored by a supervis-
ing physician who is readily available. 

Exposure: A measure of the total quantity of radia-
tion reaching a specific point measured in the air. The 
unit of measure is based on the amount of ionization 
produced in air by a specified amount of x-ray energy. 
Radiation exposure is controlled in three ways—time, 
distance, and shielding.

External dose: That portion of the dose equivalent 
received from radiation sources outside the body.

Fluoroscopy: Observation of the internal features of 
an object by means of the fluorescence produced on a 
screen by x-rays transmitted through the object.

Gamma radiation: The emission of electromagnetic 
energy from the nucleus of an atom.

Gonad: Ovary or testis.
Gonad shield: A leaded device used to reduce x-ray 

exposure to the reproductive organs.

High radiation area: An area in which radiation lev-
els could result in an individual receiving a dose 
equivalent in excess of 100 mrem per hour.

Internal dose: That portion of the dose equivalent 
received from radioactive material taken into the body.

Ionizing radiation: Electromagnetic radiation (eg, 
x-rays, gamma rays) that yields ions as it passes through 
an absorbing material (eg, air, tissue). The ions produce 
chemical reactions that are responsible for the biological 
expression of radiation (eg, cancer).

Leaded apron: A leaded-rubber material worn to 
protect personnel from scatter radiation.

Occupational dose: Annual exposure limits that 
took effect in 1994.11

• Total effective dose equivalent (TEDE) to radia-
tion workers—5 rem.

• Dose equivalent to the eye—15 rem.
• Shallow dose equivalent to the skin, extremi-

ties—50 rem.
• TEDE to any other individual organ—50 rem.
• TEDE to an embryo or fetus of declared pregnant 

woman—0.5 rem.
• Minors—10% of worker limit.
• Members of the public—0.1 rem.
Quantify amount:  A millirem is one one- 

thousandth of a rem.
Rad: Radiation absorbed dose.
Radioactivity: The property, possessed by certain 

nuclides, of spontaneously emitting particles of gamma 
radiation or of emitting radiation after orbital electron 
capture or spontaneous fission.

Radionuclide: A radioactive atom used in nuclear 
medicine that shows radioactive disintegration and 
emits alpha and beta particles or gamma rays. Some 
radionuclides are used for diagnostic studies to trace 
the function and structure of most organs. Those emit-
ting beta particles are used primarily for treating malig-
nant tumors.

Rem: A special unit of dose equivalent. The dose 
equivalent in rems is numerically equal to the 
absorbed dose in rads multiplied by the quality factor, 
which for most medical radiation is one.

Scatter radiation: Radiation is scattered when an 
x-ray beam strikes a patient’s body, as it passes through 
the patient’s body, and as it strikes surrounding struc-
tures (eg, walls, OR furniture).

Sealed and unsealed sources: Many radioactive phar-
maceuticals come in the form of liquids or capsules and 
are administered orally. These are classified as unsealed 
sources. Some radioactive materials are sealed in small 
containment vessels, such as seeds, for implanting into 
tumors. These are classified as sealed sources.

Shallow dose equivalent: The dose equivalent at a 
tissue depth of 0.007 cm averaged over an area of 1 
cm.1 

Shielding: Radiation interacts with any type of mate-
rial, and the amount of radiation is reduced during pas-
sage through materials. A thin layer of lead can absorb 
most scattered diagnostic x-rays. Gamma radiation from 
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medically useful radionuclides is substantially attenu-
ated by 1 to 2 inches of lead.

Time factor: The less time a person is exposed to 
radiation, the less radiation one absorbs. Remaining 
close to a source of radiation for 15 minutes, an indi-
vidual receives one-half the radiation dose received if 
the exposure time was 30 minutes.

Total effective dose equivalent: The sum of deep-
dose equivalent (ie, external exposures) and the com-
mitted effective dose equivalent (ie, internal 
exposures).

US Nuclear Regulatory Commission (NRC): A govern-
ment group that regulates use of nuclear materials and 
assists with formulation of regulations that protect 
workers, the public, and the environment. The NRC also 
regulates nuclear materials that are used in science, 
medicine, and industry. The NRC issues licenses to 
those who operate power plants or use nuclear materials 
and conducts inspections to make sure these facilities 
are following established regulations. 

X-ray intensifier: The radiation detector that pro-
duces the image in fluoroscopy.

X-ray tube: The radiation sources for x-ray and fluo-
roscopic machine.
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