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The primary goal of radiation management in interven-
tional radiology is to minimize the unnecessary use of 
radiation. Clinical radiation management minimizes ra-
diation risk to the patient without increasing other risks, 
such as procedural risks. A number of factors are consid-
ered when estimating the likelihood and severity of pa-
tient radiation effects. These include demographic factors, 
medical history factors, and procedure factors. Important 
aspects of the patient’s medical history include coexist-
ing diseases and genetic factors, medication use, radiation 
history, and pregnancy. As appropriate, these are evalu-
ated as part of the preprocedure patient evaluation; ra-
diation risk to the patient is considered along with other 
procedural risks. Dose optimization is possible through 
appropriate use of the basic features of interventional fl u-
oroscopic equipment and intelligent use of dose-reducing 
technology. For all fl uoroscopically guided interventional 
procedures, it is good practice to monitor radiation dose 
throughout the procedure and record it in the patient’s 
medical record. Patients who have received a clinically 
signifi cant radiation dose should be followed up after the 
procedure for possible deterministic effects. The authors 
recommend including radiation management as part of the 
departmental quality assurance program.
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 A medical procedure should be per-
formed only when it is appropriate for 
a particular patient. The RAND Corpo-
ration has developed a defi nition of “ap-
propriate” that is widely used: the ex-
pected health benefi t (ie, increased life 
expectancy, relief of pain, reduction in 
anxiety, improved functional capacity) 
exceeds the expected negative conse-
quences (ie, mortality, morbidity, anxi-
ety of anticipating the procedure, pain 
produced by the procedure, mislead-
ing or false diagnoses, time lost from 
work) by a suffi ciently wide margin that 
the procedure is worth doing ( 17,18 ). 
In other words, the anticipated clinical 
benefi ts should exceed all anticipated 
procedural risks, including radiation 
risk. 

 The principle of  optimization of 
protection  is that “the likelihood of incur-
ring exposures, the number of people 
exposed, and the magnitude of their 
individual doses should all be kept as 
low as reasonably achievable, taking 
into account economic and societal 
factors. This means that the level of 
protection should be the best under 
the prevailing circumstances, maximiz-
ing the margin of benefi t over harm” 
( 15,16,19 ). 

 For FGI procedures, this principle 
is applied in the design, appropriate se-
lection, and use of equipment, and in 
day-to-day working procedures. Optimiza-
tion is best described as a radiation dose 
to the patient that is commensurate 

total radiation energy absorbed by the 
different organs and tissues of the patient, 
but their severity is independent of to-
tal dose. The probability of a radiation-
induced malignancy due to an invasive 
procedure is small compared with the 
baseline probability of developing a 
malignancy. The likelihood of stochastic 
effects is greater in pediatric patients, 
because of their increased susceptibility 
to radiation and longer potential life span 
( 4,6–8 ). 

 Deterministic injuries are largely 
caused by the radiation-induced repro-
ductive sterilization of cells. This is not 
expressed clinically until these cells un-
successfully attempt division or differen-
tiation. The severity of the effect varies 
with radiation dose. A dose threshold 
usually exists. The threshold dose is 
subject to biologic variation ( 9 ). 

 These effects can be severe and clin-
ically devastating. Although commonly 
referred to as skin injuries, severe deter-
ministic injuries can extend into the sub-
cutaneous fat and muscle ( 10 ). Patients 
may experience years of pain, multiple 
surgical procedures, and permanent dis-
fi gurement ( 1,11,12 ). The frequency of 
major radiation injury is estimated to 
be between 1:10 000 and 1:100 000 pro-
cedures, but the true risk is unknown 
because these injuries are often not rec-
ognized or reported ( 9,13,14 ). 

 Principles of Radiation Protection 

 The International Commission on Ra-
diological Protection (ICRP) has formu-
lated three fundamental principles for 
radiation protection: justifi cation, opti-
mization of protection, and application 
of dose limits ( 15,16 ). The fi rst two ap-
ply to all individuals and to all radiation 
exposures. The third does not apply to 
medical exposures of patients. 

 The principle of  justifi cation  is that, 
in   general, “any decision that alters the 
radiation exposure situation should do 
more good than harm. This means that 
by introducing a new radiation source, 
by reducing existing exposure, or by re-
ducing the risk of potential exposure, 
one should achieve suffi cient individual 
or societal benefi t to offset the detriment 
it causes” ( 15,16 ). 

            F luoroscopically guided interven-
tional (FGI) procedures are per-
formed in large numbers in the 

United States and in Europe. The num-
ber of procedures performed annually 
has increased over the past 20 years 
( 1–3 ). While the benefi ts of interventional 
radiology to patients are well recognized, 
there are also procedure-related risks. 
One of these risks, for many FGI proce-
dures, is the potential for patient radia-
tion doses high enough to cause radia-
tion effects. Management of radiation 
exposure is therefore essential for these 
procedures. 

 Radiation Effects 

 Biologic effects resulting from radiation 
exposure are traditionally divided into 
stochastic effects and deterministic ef-
fects ( 4 ). The classifi cation of some in-
juries (such as cataract) as determinis-
tic or stochastic is uncertain ( 5 ). 

 Stochastic injuries (cancer induc-
tion) are due to misrepair of damage to 
the DNA of a single cell. The result is a 
genetic transformation. The likelihood 
of stochastic effects increases with the 

 Essentials 

 Radiation dose is optimized when  n

imaging is performed with the 
least amount of radiation 
required to provide adequate 
image quality and imaging 
guidance. 

 If radiation risk factors are pres- n

ent, or a substantial radiation 
dose is anticipated, a discussion 
of radiation risk is an appropri-
ate part of the informed consent 
process. 

 Radiation dose should be moni- n

tored throughout the procedure 
and recorded after the 
procedure. 

 Patients who have received a clin- n

ically signifi cant radiation dose 
should be advised of the radia-
tion dose and its implications, 
and followed up after the proce-
dure for possible deterministic 
effects. 
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yield the same kerma-area product as a 
small radiation dose delivered to a large 
skin area ( 26 ). 

 Fluoroscopy time is a measure of 
time, not dose. It does not incorporate 
the effects of fl uoroscopic dose rates or 
dose due to fl uorographic images (eg, 
digital subtraction angiography runs). It 
correlates poorly with other dose metrics 
( 21,27 ). The Society of Interventional 
Radiology–Cardiovascular and Interven-
tional Radiology Society of Europe (SIR–
CIRSE) international guideline on pa-
tient radiation management states that 
fl uoroscopy time should not be used to 
monitor patient irradiation during inter-
ventional procedures ( 28,29 ). 

 All statements of patient dose contain 
some degree of uncertainty ( 21 ). Even the 
most sophisticated dose-measurement 
instrumentation has unavoidable un-
certainties. Converting these measure-
ments into skin dose introduces further 
uncertainties related to the patient’s size 
and position relative to the beam. Both 
reference dose and kerma-area product 
ignore the effect of backscatter from the 
patient, which can increase skin dose 
10%–40%. Estimated skin doses may 
differ from actual skin dose by a factor 
of two or more ( 21 ). 

 Radiation Management in Interventional 
Procedures 

 The goal of clinical radiation manage-
ment is to minimize radiation risk to the 
patient without increasing other risks, 
such as procedural risks. This is accom-
plished by managing patient exposure 
to optimize patient radiation dose and 
minimize patient skin dose. Radiation 
dose is optimized when imaging is per-
formed with the least amount of radia-
tion required to provide adequate im-
age quality and imaging guidance ( 2 ). 

 Radiation management requires that 
factors be considered and that steps be 
taken before, during, and after an FGI 
procedure ( 30 ). It includes management 
of the patient, the fl uoroscopic equip-
ment, and the process. It also includes 
quality improvement and quality assur-
ance. Each of these elements is con-
sidered in this review. Other aspects 
of procedure management that are not 

fi rst appeared in 2000 (then called the 
 interventional reference point ) in the 
International Electrotechnical Commis-
sion (IEC) standard for interventional 
fl uoroscopy equipment ( 22 ). It was ad-
opted by the U.S. Food and Drug Ad-
ministration in 2005 ( 23 ). The current 
(second) edition of the IEC standard, 
published in 2010, refers to this point 
as the  patient entrance reference point  
( 24 ). All interventional fl uoroscopes 
conforming to the IEC standard, and all 
fl uoroscopes sold in the United States 
after June 2006, are required to display 
reference dose to the operator at the 
operator’s working position. 

 For isocentric fl uoroscopes (C-arm), 
the reference point lies on the central 
axis of the x-ray beam, 15 cm on the 
x-ray tube side of isocenter ( 22,23 ). Since 
this point is defi ned relative to the x-ray 
equipment, not the patient, it moves 
relative to the patient during most fl uo-
roscopically guided procedures. Refer-
ence dose is an approximation of the 
total radiation dose to the skin. While 
the position of the reference point is 
usually close to the patient’s skin, it is 
rarely on the skin surface. Also, dur-
ing the course of an FGI procedure, the 
x-ray beam is moved periodically with 
respect to the patient and is directed at 
different areas of the patient’s skin. In 
general, estimates of the likelihood of 
deterministic effects in the skin that are 
based on reference dose tend to over-
state this risk ( 25 ). 

 Kerma-area product, measured in 
gray–square centimeters (Gy·cm 2 ), is a 
measure of the total x-ray energy leaving 
the x-ray tube. It is typically measured 
with an ionization chamber located near 
the collimator. Kerma-area product is 
independent of source-to-skin distance. 
When the radiation fi eld is confi ned 
to the patient, kerma-area product is a 
good measure of the total x-ray energy 
absorbed by the patient. Kerma-area 
product permits a reasonable estimate 
of the stochastic risk of the procedure. 
It is widely used in Europe to monitor 
patient dose during interventional pro-
cedures. Kerma-area product is less 
useful for estimating the likelihood of 
skin effects, because a large radiation 
dose delivered to a small skin area may 

with the medical purpose and avoid-
ance of radiation that is clinically un-
necessary or unproductive. 

 The principle of  application of dose 
limits  does not apply to medical expo-
sure ( 15,16 ). As the ICRP states: “Pro-
vided that the medical exposures of pa-
tients have been properly justifi ed and 
that the associated doses are commen-
surate with the medical purpose, it is 
not appropriate to apply dose limits or 
dose constraints to the medical  exposure 
of patients, because such limits or con-
straints would often do more harm than 
good” ( 16 ). For interventional procedures, 
the medical condition being treated and 
the nonradiation risks of the procedure 
typically present substantially greater 
morbidity and mortality than do the ra-
diation risks ( 20 ). 

 Radiation Dose Estimation 

 Four special metrics have been devel-
oped for radiation dose estimation in 
fl uoroscopic procedures: peak skin dose, 
reference point air kerma (reference 
dose), kerma-area product (also known 
as dose-area product), and fl uoroscopy 
time. Kerma, an acronym for “kinetic 
energy released in matter,” is the en-
ergy extracted from an x-ray beam per 
unit mass of a specifi ed material in a 
small irradiated volume of that material 
(eg, air, soft tissue, bone). Air kerma 
is the energy extracted from an x-ray 
beam per unit mass of air in a small 
volume of irradiated air. 

 Peak skin dose, measured in grays, 
is the highest radiation dose (entrance 
surface air kerma) at any portion of a 
patient’s skin during a procedure. It in-
cludes contributions from both the pri-
mary x-ray beam and from scatter. As 
of 2010, to our knowledge, no commer-
cially available fl uoroscopic unit is ca-
pable of calculating or displaying peak 
skin dose. It is possible to determine 
peak skin dose by using other methods, 
but they do not provide real-time mea-
surements ( 21 ). 

 Reference dose, measured in grays, 
is the air kerma accumulated at a spe-
cifi c point in space relative to the fl uoro-
scopic gantry. It does not include back-
scatter. The concept of a reference point 
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cancer, including neurofibromatosis, 
Li-Fraumeni syndrome, and hereditary 
retinoblastoma ( 39 ). 

 Autoimmune and connective tissue 
disorders predispose patients to the 
development of severe cutaneous radia-
tion effects in an unpredictable fashion. 
The cause is not known. These disor-
ders include scleroderma, systemic lu-
pus erythematosus, and possibly rheu-
matoid arthritis ( 38 ). Hyperthyroidism 
and diabetes mellitus are also associ-
ated with increased radiation sensitiv-
ity ( 13 ). Diabetes is believed to pre-
dispose to radiation injury secondary 
to small vessel vascular disease and 
consequent decreased healing capacity 
( 34,40 ). 

 A number of drugs increase radia-
tion sensitivity, including actinomycin D, 
doxorubicin, bleomycin, 5-fl uorouracil, 
and methotrexate ( 13 ). When given in 
conjunction with radiation therapy, pacli-
taxel, docetaxel, and possibly tamoxifen 
can result in cutaneous toxicity ( 38 ). 

 Previous radiation to an area of skin 
that will be re-irradiated for the planned 
interventional procedure can increase 
the risk of deterministic skin effects, 
depending on the radiation dose from 
previous procedures and the time inter-
val between previous procedures and 
the planned procedure ( 9 ). Similarly, 
if the planned interventional procedure 
uses the same radiation fi eld as the skin 
entrance portal to be used for future 
radiation therapy, there may be an in-
creased risk of deterministic skin ef-
fects from the radiation therapy. 

 Other patient-related factors that 
increase susceptibility to radiation injury 
include poor nutritional status and com-
promised skin integrity ( 38 ). 

 Procedure factors.—  Some types of 
interventional radiology procedures are 
known to be “high dose,” that is, as-
sociated with skin doses that can be 
suffi cient to produce deterministic ef-
fects in an average patient. Examples 
are shown in the  Figure   ( 25 ). Some in-
terventional cardiology procedures are 
also known to be “high dose” ( 20,41 ). 
Technical diffi culty during other pro-
cedures often leads to prolonged pro-
cedures and radiation doses that are 
higher than expected. 

risk factors deserve special consider-
ation. For adult patients, we consider 
the risk of deterministic injuries (eg, 
skin effects, hair loss) of greater con-
cern ( 1 ). 

 Obese patients are at a higher risk of 
radiation-induced skin injury because 
of poor radiation penetration and the 
accompanying closer proximity of the 
x-ray source to the patient ( 34 ). Absorbed 
dose at the entrance skin site in obese 
patients can be as much as 10 times 
higher than in some nonobese patients 
( 35 ). Many of the documented injuries 
associated with fl uoroscopic procedures 
are seen in larger patients ( 11 ). Obesity 
also results in high effective doses, es-
pecially from procedures in and radio-
graphic examinations of the abdomen. 
In the extremely obese, radiographic 
examinations of the abdomen can re-
sult in effective doses 50 times greater 
than those expected for a nonobese in-
dividual ( 36 ). 

 Ethnic differences in skin coloration 
are also associated with differences 
in radiation sensitivity; individuals with 
light-colored hair and skin are most 
sensitive ( 37 ). 

 Medical history factors.—  Important 
aspects of the patient’s medical history 
include genetic factors, coexisting dis-
eases, medication use, radiation history, 
and pregnancy. 

 Defects in DNA repair genes may 
predispose individuals to radiogenic 
cancer or lower the threshold for the 
development of deterministic effects 
( 38,39 ). Many patients with serious 
and unanticipated radiation injuries may 
be among the 1% of the population 
heterozygous for the  ATM  gene, an au-
tosomal recessive gene responsible for 
ataxia telangiectasia, or may harbor 
some other  ATM  abnormality ( 38,39 ). 
Other disorders with a genetic com-
ponent affecting DNA breakage or re-
pair also increase radiation sensitivity, 
including Fanconi anemia, Bloom syn-
drome, and xeroderma pigmentosum 
( 38,39 ). Familial polyposis, Gardner 
syndrome, hereditary malignant mela-
noma, and dysplastic nevus syndrome 
also increase radiation sensitivity ( 38 ). 
Certain familial cancer syndromes may 
increase susceptibility to radiogenic 

specifi c to radiation management are not 
described here. The recommendations 
provided are, in general, from the SIR–
CIRSE guideline ( 29 ). 

 Before the Procedure 
 Estimating the likelihood and sever-
ity of patient radiation effects requires 
consideration of demographic factors, 
medical history factors, and procedure 
factors. This process is particularly im-
portant when a relatively high radiation 
dose is expected. For most patients, 
the skin at the beam entrance site typi-
cally receives the highest dose of any 
tissue in the body and is the tissue at 
greatest risk for radiation injury. For 
some procedures, eye dose is of con-
cern. Pregnant patients require special 
consideration. 

 Demographic factors.—  These include 
patient age and weight. Young patients 
have a greater risk of radiation-induced 
cancer for a given radiation dose than 
do adults, because of their longer life 
expectancy and greater susceptibility to 
radiation effects. Overall, the risk fac-
tor is approximately three times higher 
for newborns than for the general popu-
lation, and declines to that of the gen-
eral population by the middle of the 
third decade of life ( 4,7,8 ). The risk of 
cancer induction is lower in older adults 
than in younger adults. In individuals in 
the seventh decade of life, the risk fac-
tor is about one-fi fth that of the general 
population ( 7 ). 

 In the conceptus, radiation poses ad-
ditional risks ( 31,32 ). A radiation dose of 
approximately 50–100 mGy may lead to 
clinically silent changes in developmen-
tal status, and a radiation dose greater 
than approximately 100 mGy may result 
in subtle to obvious changes in develop-
ment, depending on dose ( 32 ). 

 For pediatric patients, we recom-
mend that stochastic risk be consid-
ered of greater concern than determin-
istic effects. Interventional procedures 
completed on small children seldom use 
enough radiation to produce determin-
istic reactions such as hair loss or skin 
injury. Nonetheless, radiation manage-
ment in pediatric interventional pro-
cedures is essential ( 33 ). Adolescents 
with adult-size bodies and childhood 
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the informed consent process of the 
expected benefi ts and potential risks of 
the procedure to both the patient and 
the conceptus. The preprocedure plan-
ning process may benefi t from involve-
ment of a qualifi ed physicist, if time 
permits ( 32 ). 

 Equipment.—  Procedures that may 
result in a clinically signifi cant radia-
tion dose, as defi ned in the SIR–CIRSE 
guidelines ( Table 1  ), should be per-
formed by using fluoroscopic equip-
ment that is compliant with International 
Electrotechnical Commission Standard 
60601–2-43 ( 22,24,29 ). A qualifi ed physi-
cist should verify the measured expo-
sure rates for typical clinical scenarios, 
and confi rm that they are appropriate 
( 50–52 ). This performance testing should 
be conducted prior to the fi rst clinical 
use of the equipment and repeated at 
least annually to ensure that patient 
radiation dose rates are consistent with 
those necessary to provide appropriate 
image quality ( 50–53 ). 

 During the Procedure 
 It is the operator’s responsibility to 
optimize radiation dose—to use the 
least amount of radiation required to 
provide adequate image quality and 
imaging guidance. This has the added 
benefi t of reducing operator and staff 
dose as well as patient dose—a “win-
win” situation ( 54 ). The recommenda-
tions in this section are derived from 
national and international guidelines 
( 1,2,55,56 ). 

 Conceptually, the clinical manage-
ment of radiation is similar to the clini-
cal management of iodinated contrast 
media ( 57 ). Patient radiation dose should 
be limited to that required for the 

is appropriate ( 1,2,29 ). The SIR–CIRSE 
guideline on patient radiation management 
provides sample language (Appendix E1) 
(online) ( 29 ). 

 Pregnancy.—  Except for time- critical 
emergency procedures, pregnancy sta-
tus should be determined prior to an 
interventional procedure ( 16,32 ). We 
recommend that elective FGI proce-
dures not be performed in pregnant 
patients. If possible, use other modali-
ties (ultrasonography, magnetic reso-
nance imaging) to guide interventions 
in pregnant patients. 

 ICRP Publication 84 states that, in 
general, termination of pregnancy at 
fetal doses of less than 100 mGy is not 
justifi ed based on radiation risk ( 49 ). 
For expected conceptus doses above 
100 mGy, the pregnant patient should 
receive suffi cient information to be able 
to make informed decisions based on 
individual circumstances, including the 
magnitude of the estimated embryonic/
fetal dose and the consequent risks of 
serious harm to the developing embryo/
fetus and risks of cancer in later life 
( 15,16 ). 

 When FGI procedures must be per-
formed on pregnant patients, and ex-
cept for time-critical emergency proce-
dures, we recommend that procedure 
planning include feasible modifi cations 
to minimize conceptus dose, estima-
tion of expected radiation dose to the 
conceptus, evaluation of the radiogenic 
risk to the conceptus, and inclusion in 

 Sensitivity to radiation effects also 
depends on the location of the irradi-
ated skin ( 38 ). The scalp is relatively 
resistant to the development of skin dam-
age, but scalp hair is relatively more sen-
sitive to epilation than hair elsewhere on 
the body ( 37 ). 

 Interventional procedures in the head 
and neck often result in irradiation of 
the eyes, and may result in relatively 
high doses to the lens of the eye if the 
orbits are included in the fi eld for much 
of the procedure. New data suggest that 
lens opacities (cataracts) occur at radi-
ation doses far lower than those previ-
ously assumed to be cataractogenic, in 
a manner statistically consistent with the 
absence of a dose threshold ( 5,42–47 ). 
If there is a threshold dose, it is pos-
sible that it is less than 0.1 Gy ( 44,48 ). 
The latency period for radiation cata-
ract formation is inversely related to 
radiation dose ( 5 ). 

 Preprocedure Planning 
 Evaluation of radiation risk to the pa-
tient includes consideration of the rele-
vant demographic, medical, and proce-
dural risk factors discussed above, and 
the patient’s previous radiation exposure, 
including radiation therapy. Review of 
dose data from previous radiation-guided 
interventions, if available, is helpful. If 
there is a history of previous radiation 
(especially in the past 60 days) to the 
same area of skin that will be irradi-
ated for the planned FGI procedure, 
examination of this skin area for pos-
sible radiation changes is appropriate. 
If changes are present, modifi cation 
of the procedure may be desirable, if 
this can be done without undue risk to 
the patient. Current understanding 
of radiation effects on the skin sug-
gests, as a practical guideline, that pro-
cedures performed with the entrance 
beam directed at the same area of 
skin are ideally separated by at least 
60 days ( 9 ). 

 Informed consent.—  If the prepro-
cedure evaluation suggests that the pro-
cedure will require a substantial radia-
tion dose, or that the patient is likely to 
have a lower threshold for deterministic 
effects, a discussion of radiation risks 
as part of the informed consent process 

  

  
   List of interventional radiology procedures with the 
potential for high skin doses.   

 Table 1 

 Signifi cant Radiation Dose Thresholds 

 Dose Metric  Threshold 

Peak skin dose 3000 mGy
Reference dose 5000 mGy
Kerma-area product 500 Gy·cm 2 
Fluoroscopy time 40– 60 min * 

Note.—Reprinted, with permission, from reference  29 .

* See text for a discussion of fl uoroscopy time as an 
indicator of signifi cant radiation dose.
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to have a medical physicist measure the 
dose rate for each pulsed fl uoroscopy 
mode. 

 Minimizing the number of images 
obtained during a procedure requires 
planning. With modern angiographic 
units, it is easy to set the unit to ac-
quire images at two or more images 
per second and to perform the entire 
angiographic run at that rate. This is 
neither necessary nor desirable. Film-
ing sequences with variable frame rates 
minimize the number of images ob-
tained while assuring that no important 
information is lost. Angiographic units 
can be preprogrammed with the same 
imaging sequences used previously for 
fi lm hard copy ( 62 ). 

 When the only purpose of an image 
is to document what is seen at the last 
image hold, there is no need to obtain 
additional fl uorographic images if the 
last image hold demonstrates the fi nd-
ing adequately and can be stored. Many 
modern systems can store fl uoroscopy 
loops. If a fl uoroscopy loop provides 
adequate information for diagnosis or 
documentation, storing it in lieu of an 
additional subtraction angiography run 
or additional fl uorographic images pro-
vides substantial dose savings. 

 The assistance of a qualifi ed  physicist 
or a fi eld service engineer from the 
manufacturer may be required for ad-
justment of some technical factors. These 
include pulse rate, pulse width, and 
pulsed kilovolt peak during fl uoroscopy 
and fl uorography, beam fi ltration, fl uo-
roscopic and digital imaging dose set-
tings at the image receptor, a variety 
of image processing parameters, and 
video frame averaging (to reduce the 
appearance of noise on the image). 

 Dose reduction should not impair 
image quality. The principle of justifi -
cation is quite clear that  any  decision 
that alters the radiation exposure situ-
ation should do more good than harm 
( 15 ). This specifi cally includes reducing 
exposure. Images that are inadequate 
for diagnosis or for guiding interven-
tions introduce the risk of catastrophic 
complications. 

 Skin dose.—  In general, measures 
that reduce total radiation dose will 
also reduce peak skin dose. Minimizing 

differences in doses of 8 Gy or more are 
possible for some combinations of op-
erational techniques ( 35 ). 

 All modern fl uoroscopes automati-
cally adjust radiation output during both 
fl uoroscopy and fl uorography to accom-
modate the thickness of the body part 
being imaged. Patient body part thick-
ness is affected by the choice of gantry 
angulation during the procedure. Steep 
oblique or craniocaudal beam orienta-
tions increase the length of the radia-
tion path through the body as compared 
with a posteroanterior (frontal) projec-
tion. As a result, these beam orienta-
tions require an increase in radiation 
output, sometimes by a factor of 10 or 
more, as compared with a posteroan-
terior projection. The proximity of the 
x-ray source to the entrance skin sur-
face that is necessitated by these steep 
angles also results in an increase in skin 
dose. 

 The presence of bone in the beam is 
also important. Bone is more diffi cult to 
penetrate than soft tissue. Its presence 
causes the fl uoroscope to increase ra-
diation output to maintain image quality. 
Overlying bone also makes it more diffi -
cult to identify superimposed catheters 
and other medical devices. This may 
prolong the procedure. Beam orienta-
tions that place bone in the radiation 
fi eld increase the dose rate and total 
radiation dose to the area. 

 Fluoroscopy time can be minimized 
with judicious use of intermittent fl uo-
roscopy, last image hold and, where 
available, “virtual” or electronic collima-
tion. Fluoroscopy is only necessary to 
observe motion or to guide positioning 
of devices within the body. Last-image-
hold images and fl uoroscopy loops are 
usually satisfactory for intraprocedural 
review purposes, and do not subject the 
patient to additional radiation. 

 Reduced-dose pulsed fl uoroscopy has 
the greatest potential for maintaining 
patient radiation exposure at low levels 
( 35 ). However, manufacturers imple-
ment pulsed fl uoroscopy with differ-
ent methods. Some pulsed fl uoroscopy 
modes yield a higher dose rate than 
conventional fl uoroscopy ( 62 ). It may 
be necessary to consult the manufac-
turer of the fl uoroscopic equipment or 

procedure being performed ( 15,16 ). 
This implies that the operator controls 
the use and monitors the dose of radia-
tion during the procedure. As the pro-
cedure continues and more radiation is 
used, further irradiation of the patient 
is minimized consistent with clinical 
requirements. Some patients are more 
susceptible to harmful effects at a given 
dose, as a result of the various sensitiz-
ing factors noted above. They require 
special care to control radiation dose, 
in the same way that contrast material 
dose is controlled in patients with renal 
compromise. 

 Equipment management.—  Opera-
tor knowledge and experience are im-
portant factors in optimizing dose ( 58 ). 
Dose optimization requires attention 
to several basic principles. These are 
discussed in detail in several excellent 
reviews ( 11,59,60 ) and are summarized 
here. 

 Dose optimization is possible through 
appropriate use of the basic features of 
interventional fl uoroscopic equipment 
and intelligent use of dose-reducing 
technology ( 61 ). Many technical param-
eters can be adjusted during the proce-
dure to reduce radiation use or to im-
prove image quality, depending on the 
demands of the situation ( 59 ). These 
controls and features affect radiation 
production, image generation and ma-
nipulation, and radiation dose. 

 The operator must control some 
operational parameters directly. Colli-
mate appropriately to the imaging task 
to limit the size of the irradiated area. 
Position the image receptor as close as 
reasonably possible to the patient and 
maximize the distance between the pa-
tient and the x-ray tube. Position the 
patient’s arms outside the radiation 
field unless the arm is intentionally 
imaged as part of the procedure ( 59 ). 
Use electronic magnifi cation modes and 
high-dose-rate modes only when neces-
sary. Use the lowest fl uoroscopic dose 
rate that is clinically acceptable. When 
electronic magnifi cation is necessary, 
use the lowest acceptable magnifi cation 
factor. Incremental changes in these op-
erational parameters are multiplicative 
and markedly affect total dose delivered 
to a patient’s skin. For long procedures, 
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to monitor patient irradiation  during 
interventional procedures ( 28,29 ). For 
high-dose or potentially high-dose pro-
cedures, fl uoroscopic equipment capable 
of estimating and displaying reference 
dose or kerma-area product in real 
time should be used ( 29 ). 

 The operator should be advised 
of the patient’s radiation dose when 
it exceeds certain specifi ed values and 
at regular intervals thereafter ( Table 2  ) 
( 29 ). The values in  Table 2  have been 
chosen so that they are round numbers 
and so that three notifi cations, regard-
less of the dose metric used, indicate 
that patient follow-up is necessary ( 29 ). 
When using reference dose or skin 
dose with a biplane system, each plane 
is considered independently, unless the 
fi elds overlap. If there is overlap, doses 
from the two planes are added. When 
using kerma-area product to estimate 
stochastic risk with a biplane system, 
the doses from each plane are added, 
regardless of whether overlap is pres-
ent ( 29 ). 

 Signifi cant radiation dose.—  For ra-
diation monitoring during the proce-
dure and patient management after the 
procedure, it is useful to consider the 
concept of a  signifi cant radiation dose  
( 29,57 ). This is a threshold value used 
to trigger additional dose management 
actions, including patient follow-up. 
There is no implication that a radiation 
dose below the signifi cant dose level is 
completely safe or that a radiation dose 
above the signifi cant dose level will al-
ways cause an injury. 

 The signifi cant radiation dose level 
will vary depending on both patient and 
procedure parameters ( Table 1 ) ( 29 ). 

information for later decisions about 
medical care ( 32 ). 

 Monitoring radiation dose.—  The 
SIR–CIRSE guideline states that radiation 
dose should be monitored throughout 
the procedure ( 29 ). This responsibil-
ity may be delegated to a technologist, 
nurse, or other person depending on 
the institution’s policies and needs, but 
a specifi c individual should be tasked 
with this responsibility. 

 Dose monitoring ensures that the 
operator is aware of how much radia-
tion is being administered. It is routine 
for the operator to concentrate on the 
clinical requirements of the interven-
tional procedure. The operator may 
lose awareness of the patient’s radiation 
dose. Designation of another individual 
to monitor dose and inform the opera-
tor prevents this from occurring. 

 It is the operator’s responsibility to 
be informed about dose levels and to 
include radiation dose in the continu-
ous risk-benefi t balance used to deter-
mine the value of continuing a procedure. 
However, all personnel participating in 
the procedure share a responsibility for 
achieving radiation management and 
safety goals. All staff should be able to 
recognize and correct unsafe practices 
or bring them to the attention of others 
who can correct the situation ( 55 ). 

 Most institutions in the U.S. will use 
reference dose for dose monitoring. As 
of 2010, skin dose estimates and maps 
of skin dose distribution are not gen-
erally available in real time during the 
procedure. Kerma-area product may 
also be used. Fluoroscopy time corre-
lates poorly with other dose metrics 
( 21,27 ). It should be used with caution 

peak skin dose requires adherence to 
general methods for reducing total dose 
as well as use of specifi c methods to re-
duce peak skin dose ( 62 ). 

 Two simple, basic techniques, used 
together, will reduce peak skin dose 
( 62 ). The purpose of these techniques 
is to reduce the skin dose at any one 
point on the skin surface by irradiat-
ing different portions of the skin at dif-
ferent times during the course of the 
procedure. 

 The fi rst technique, dose spreading, 
changes the position of the radiation 
fi eld on the patient’s skin by using small 
amounts of gantry angulation, table 
movement, or both ( 60,63 ). Spreading 
the skin dose in this way reduces peak 
skin dose and also reduces the size of 
the skin area subjected to the peak skin 
dose. This reduces the size of the skin 
area at highest risk. 

 The second technique is collimation. 
This is as important as dose spreading. 
Even with dose spreading techniques, 
different irradiated fi elds can overlap on 
the skin surface. The overlap area re-
ceives a higher dose. Tight collimation 
may prevent overlap, especially with 
biplane fl uoroscopic units, and mark-
edly improves the effectiveness of dose 
spreading techniques ( 62 ). 

 Eye dose.—  Irradiation of a patient’s 
eyes should be minimized, consistent 
with clinical requirements. When im-
aging the head and face in the frontal 
plane, eye dose is reduced when the radia-
tion beam enters the head in a posterior-
anterior direction. Beam collimation that 
excludes the orbits from the radiation 
fi eld also reduces eye dose. 

 Conceptus dose.—  When an FGI pro-
cedure is performed on a pregnant pa-
tient, one goal is a conceptus dose that 
is the practicable minimum for the pro-
cedure. Some procedures can be per-
formed with little or no direct exposure 
to the conceptus. If radiation exposure 
to the conceptus is limited to scattered 
radiation, the result is often very low 
and usually acceptable risk levels ( 32 ). 
Consider placing extra, previously un-
used personnel monitors anteriorly and 
posteriorly on the patient’s pelvis for 
prospective documentation of conceptus 
radiation dose. This may yield important 

 Table 2 

 Summary of Radiation Monitoring Dose Notifi cation Thresholds 

 Dose Metric  First Notifi cation  Subsequent Notifi cations 

Peak skin dose 2000 mGy 500 mGy
Reference dose 3000 mGy 1000 mGy
Kerma-area product 300 Gy·cm 2  * 100 Gy·cm 2  * 
Fluoroscopy time 30 min 15 min

Note.—Reprinted, with permission, from reference  29 .

* Assuming a 100 cm 2  fi eld at the patient’s skin. The value should be adjusted to the actual procedural fi eld size, but this is rarely 
practical.
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patient’s medical record, stating that a 
signifi cant radiation dose has been ad-
ministered and indicating the reason 
( 29,56,57 ). This information may be in-
cluded in the postprocedure note. A ra-
diation note in the medical record may 
also be valuable even if these thresh-
olds are not exceeded (eg, for patients 
in whom other high-dose interventional 
procedures involving radiation exposure 
to the same area are planned or have 
already been performed within the past 
6 months). 

 Follow-up of patients who have re-
ceived a signifi cant radiation dose is ap-
propriate at 10–14 days and 1 month 
after the procedure (Appendix E2) (on-
line) ( 2,29,56,57 ). This can be done 
by telephone, with a clinic visit needed 
only if the patient reports skin changes 
at the radiation entrance site (see be-
low). Risks associated with irradiation 
of the lens may be excluded from fol-
low-up, due to the long latency period 
for these effects. 

 Patient follow-up.—  If follow-up for 
possible radiation effects is needed, it 
is appropriate to make these arrange-
ments before the patient leaves the 
facility. Follow-up for lesser radiation 
doses may be desirable in special situ-
ations, such as previous recent irradia-
tion of the same anatomic region. If any 
of the thresholds in  Table 1  are met 
during a procedure, monitoring of doses 
for additional procedures performed 
within the subsequent 6 months is ap-
propriate, with these doses generally 
considered additive to the dose already 
received ( 29 ). 

 Patients are advised if they have 
received a substantial radiation dose 
( 2,21,29,56,57,68 ). As appropriate, pa-
tients, caregivers and responsible health-
care professionals should be made aware 
of the possible radiogenic cause of rele-
vant signs and symptoms ( 1 ). A patient 
who has received a signifi cant radiation 
dose should be given written instruc-
tions for follow-up of possible radia-
tion effects in addition to their other 
discharge instructions (Appendix E2) 
(online) ( 29 ). 

 The patient and caregivers are in-
structed to notify the operator and/or 
qualifi ed physicist of the results of 

 In some circumstances, a planned 
and clinically necessary intervention or 
series of interventions may require a 
suffi cient dose of radiation to reach the 
Joint Commission’s threshold for a sen-
tinel event of 15 Gy over a period of 
6 months to 1 year ( 64,65 ). The Joint 
Commission has defi ned a sentinel event 
as an “unexpected” outcome, with the 
implication that any radiation dose over 
15 Gy is unexpected and “preventable” 
( 66,67 ). In this scenario, however, the 
radiation dose is neither unexpected 
nor preventable. The scenario is differ-
ent from, say, a retained surgical sponge 
(another scenario classifi ed by the Joint 
Commission as a sentinel event), espe-
cially if a portion of the 15 Gy is due to 
FGI procedures or radiation therapy in 
the recent past, with radiation delivered 
to the same area of skin ( 65 ). Examples 
of situations where it may be necessary 
to exceed a combined skin dose of 15 Gy 
for multiple procedures include, among 
others, multiple percutaneous coronary 
interventions, multiple or staged neuro-
embolization procedures, and multiple 
transjugular intrahepatic portosystemic 
shunt procedures. 

 After the Procedure 
 Recording radiation dose.—  It is good 
practice to record patient radiation dose 
in the patient’s medical record for 
all FGI procedures ( 1,2,21,55,56,68 ). 
Recorded data should include the fol-
lowing elements, in the priority order 
listed, if they are available: skin dose 
maps, peak skin dose, reference dose, 
kerma-area product, fl uoroscopy time, 
and number of acquisition frames ( 21 ). 
(As of 2010, skin dose mapping and 
peak skin dose estimation are not 
generally available.) Fluoroscopy time 
should not be the only recorded value 
if other dose metrics are available 
( 1,21,29,55,68 ). If the patient is preg-
nant, dose to the conceptus should 
also be evaluated and recorded. This 
may require consultation with a quali-
fi ed physicist ( 32 ). 

 Actions triggered by a signifi cant 
radiation dose.—  The operator is notifi ed 
when a signifi cant radiation dose has 
been administered ( 29 ). The opera-
tor writes an appropriate note in the 

These values are intended to trigger 
follow-up for a radiation dose that might 
produce a clinically relevant injury in an 
average patient. Lower values may be 
used at the discretion of the facility, es-
pecially when previously irradiated skin 
is involved ( 2,55 ). Mahesh ( 64 ) has sug-
gested a two-level threshold for tracking 
radiation dose. 

 Procedures performed using biplane 
fl uoroscopic systems are a special situa-
tion with regards to determining signifi -
cant doses. The dose received from each 
plane should be considered indepen-
dently when the fi elds do not overlap. 
When they do overlap, or it is uncertain 
if they overlap, the doses are added. 

 Using radiation dose information 
during the procedure.—  A radiation dose 
notifi cation prompts the operator to 
consider the dose already delivered to 
the patient and the additional radiation 
necessary to complete the procedure. It 
is an opportunity to consider the risks 
and benefi ts of proceeding. Radiation 
risk is only one of many risks of medical 
procedures. A procedure should not be 
stopped solely because the signifi cant 
radiation dose level has been exceeded 
( 57 ). It is unlikely that a procedure will 
be stopped purely because of radiation 
dose concerns, as the clinical benefi t of 
a successful procedure almost always ex-
ceeds any patient detriment due to radia-
tion. Further, if the procedure is stopped 
before the desired clinical result has been 
reached, radiation risk is incurred with-
out corresponding clinical benefi t. 

 Even with optimal technique, it is 
not always possible to keep peak skin 
dose below the threshold for skin ef-
fects. This does not necessarily indicate 
poor operator technique. It is not nec-
essarily a contraindication to perform-
ing or continuing a procedure. Patient 
factors, radiation doses from previous 
procedures, anatomic variations, dis-
ease and lesion complexity, the type of 
procedure, and the clinical indication 
for the procedure may combine so that 
a prolonged procedure with a high radi-
ation dose is unavoidable. The decision 
to proceed or to halt is properly based 
on all the benefi ts and risks of the FGI 
procedure as well as the benefi ts and 
risks of any alternative therapies. 
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performance of the equipment and its 
expected clinical uses will change over 
time. A qualifi ed medical physicist should 
test the equipment on at least an annual 
basis ( 50,51 ). The National Council on 
Radiation Protection and  Measurements 
recommends a semiannual interval ( 52 ). 
There are three possible outcomes to 
this acceptability review, beyond com-
pliance with local regulatory standards: 
The equipment is acceptable for all in-
tended uses, acceptable for a limited 
range of intended uses, or not accept-
able until repaired or replaced. 

 Clinical radiation dose management 
requires collection of dose data from 
each FGI procedure. This is combined 
with patient, operator, and procedural 
information to provide a picture of dose 
utilization for each procedure. The 
data set ideally includes patient demo-
graphic data (height, weight, age), avail-
able dosimetric data, the procedure 
performed, the room in which the pro-
cedure was performed, and the physi-
cians or other operators performing the 
procedure, with an indication of their 
roles. 

 We suggest the following quality as-
surance and quality improvement pro-
cess. We recommend that procedures 
resulting in a signifi cant radiation dose 
be identifi ed and reported to the labo-
ratory director and laboratory quality 
manager on a periodic basis. A monthly 
report is helpful, to ensure that patients 
with high doses receive appropriate edu-
cation and follow-up. A weekly report 
is appropriate for facilities performing 
high volumes of procedures or frequent 
high dose procedures ( 57 ). 

 We recommend discussing reported 
potential radiation injuries at the next 
laboratory quality assurance meeting, 
with any available diagnoses, planned 
patient follow-up, and outcomes ( 57 ). 
Unless a nonradiogenic diagnosis has 
been established, we recommend re-
viewing the procedure for appropriate 
use of radiation in the clinical context. 
It may be appropriate to periodically 
re-report on the status of known ra-
diation injuries. Additionally, periodic 
reporting of these cases to the institu-
tion’s radiation safety offi cer is desir-
able ( 29 ). 

are a guide to what is achievable with 
current good practice, rather than op-
timum performance, and are neither 
dose limits nor thresholds that defi ne 
competent performance of the operator 
or the equipment ( 74 ). A mean dose 
for a procedure that is less than the RL 
does not guarantee that the procedure 
is being performed optimally ( 77 ). 

 The ICRP considers RLs a useful 
tool to help optimize patient radiation 
dose in FGI procedures ( 15 ). Recent 
studies have presented RLs for cardio-
vascular procedures ( 78–81 ) and a lim-
ited number of interventional radiology 
procedures ( 75,82–89 ). Unfortunately, 
the observed distributions of patient 
doses for most types of FGI procedures 
are very wide, because the dose for 
each instance of a procedure is strongly 
dependent on individual clinical circum-
stances. A potential approach is to in-
clude the “complexity” of the procedure 
in the analysis ( 16,78,90 ). Since, at 
present, complexity cannot be quanti-
fi ed (with the exception of some inter-
ventional cardiology procedures), this 
adjustment is not yet possible for FGI 
procedures ( 78,90 ). 

 To use RLs, an institution or indi-
vidual practitioner collects radiation dose 
data for cases of a procedure performed 
in their own practice. The recommended 
number of cases varies from 10 to more 
than 50, with the latter number sug-
gested because of the high individual 
variability of cases of FGI procedures 
( 71,85 ). If local practice results in a mean 
radiation dose that is greater than the 
RL, the fl uoroscopic equipment should 
be investigated. If the fl uoroscopic equip-
ment is functioning properly and within 
specifi cation, operator technique and 
procedure protocols should be examined 
( 77 ). Investigations are also appropri-
ate where local values are substantially 
below the RLs, as excessively low doses 
may be associated with poor image 
quality ( 78,90 ). 

 Specifi c processes.—  Radiation dose 
management begins with appropriately 
selected, properly functioning x-ray 
equipment. Equipment should be ap-
propriate to the intended clinical use 
and properly installed and confi gured 
prior to clinical use. Both the technical 

self-examination of the irradiated area 
(positive or negative) ( 29 ). They are also 
instructed to notify the operator (or 
designee) if any signs or symptoms of 
a possible radiogenic deterministic ef-
fect are observed. Clinical follow-up is 
arranged if the examination is positive 
or there are suspicious signs or symp-
toms. It is wise to regard relevant signs 
and symptoms as radiogenic unless an 
alternative diagnosis is unambiguously 
established ( 9,57 ). If a radiogenic cause 
has not been ruled out, referral to a 
dermatologist experienced in manag-
ing radiation injuries (ie, injuries from 
radiation oncology treatments) is ap-
propriate, as are provision of available 
skin dose information to the dermatolo-
gist and collaboration with the patient’s 
treatment team ( 38 ). 

 Review of all positive patient reports 
by a qualifi ed physicist and discussion 
of the fi ndings with the operator help 
to evaluate the dosimetric aspects of 
the procedure. The physicist may also 
assist in facilitating clinical follow-up. 
Individual institutions may have other 
recommendations and/or requirements 
for patient follow-up. 

 Quality Assurance and Quality 
Improvement 
 Radiation management in interventional 
radiology is a quality process. Its primary 
goal is to minimize the unnecessary use 
of radiation. 

 Reference levels.—  National and in-
ternational advisory bodies have sup-
ported the use of reference levels (RLs) 
( 1,56,69,70 ). These and other organiza-
tions have provided guidelines on mea-
suring radiation dose and setting RLs 
( 15,71–74 ). Depending on the source, 
RLs can be based on phantom studies, 
clinical examinations with “standard pa-
tients,” or clinical examinations of large 
numbers of patients. Understanding the 
relationship of a facility’s dose data to 
the RL requires consideration of both 
equipment and the patient population. 
With such insights, feedback generated 
by RLs has yielded reduction in x-ray 
use in diagnostic procedures ( 75 ). 

 RLs help avoid radiation dose to 
the patient that does not contribute to 
the medical imaging task ( 71,76 ). They 
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 If the database storage format per-
mits it, we suggest analyzing the entire 
database on a periodic basis to deter-
mine the mean and interquartile dose 
values for each procedure type per-
formed commonly in the laboratory, 
the fi ve highest dose values for each 
of these procedure types, the variation 
of mean and third quartile dose from 
room to room for the same procedure, 
the variation of mean and third quartile 
dose from operator to operator for the 
same procedure, and unexplainable de-
viation from available guidance levels 
on a laboratory basis. 

 In conclusion, FGI procedures pro-
vide great benefi t to patients, but also 
entail risks, including the risk of radia-
tion effects. Minimizing the likelihood 
and severity of radiation effects requires 
appropriate and properly functioning 
equipment, a radiation management pro-
cess that extends from preprocedure 
planning through postprocedure follow-up, 
and a robust quality assurance and qual-
ity improvement program. Radiation in-
juries cannot always be avoided, but an 
informed and motivated physician can 
reduce their incidence and severity. 
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