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FOOD AND DRUGADMINISTRATION
IMPORTANT INFORMATION FOR PHY SICIANS
AND OTHERHEALTH CARE PROFESSIONALS

September 9, 1994

AVOIDANCE OF SERIOUSX-RAY-INDUCED SKIN INJURIESTO
PATIENTSDURING FLUOROSCOPICALLY-GUIDED PROCEDURES

WARNING - FDA hasreports of occasional but at times severe radiation-induced burnsto
patientsfrom fluor oscopically guided, invasive procedur es. Thiscommunication describesthe
natureof theseinjuriesand providesrecommendationsfor avoidingthem.

(SELECTED SECTION FROM REPORT - COMPLETE REPORT AT www.fda.gov/cdr h)

GENERAL PRINCIPLESAND RECOMMENDATIONSFOR FACILITIESIN WHICH
INVAS VE PROCEDURESARE PERFORMED

1. Establishstandard operating proceduresand clinica protocolsfor each specific typeof procedure performed.
The protocols should address all aspects of the procedure such as patient sel ection, normal conduct of the
procedure, actionsin response to complicationsand consideration of limitson fluoroscopy exposuretime.

-Includedll fluoroscopic system modes of operation used, including imagerecording.

- Strivefor clinicaly adequateimageswith minimum fluoroscopic exposure,
-Assureappropriatecredentialsand trainingfor physiciansper for ming fluor oscopy. (Bold added)
- Minimizeexposureduration.

- Collimate the radi ation beam.

- Communicate and enforce protocols.

2. Know theradiation doseratesfor the specific fluoroscopi ¢ system and for each mode of operation used during
theclinical protocol.
- All operators of the system must betrained and under stand system oper ation, including the
implicationsfor radiation exposur efrom each mode of operation. (Bold added.)
-Haveaquality assurance program for thex-ray system supervised by aqualified medica physicit.
- Calibrate and document radiation output.
- Record information permitting estimation of the absorbed doseto skininthe patient’smedical record.

3. Assesstheimpact of each procedure’s protocol on the potential for radiation injury to the patient.

-Facilitiesshould ensur ethat physiciansper for ming fluor oscopic pr ocedur eshave education so
they may, on acase-by-casebas's, assessrisksand benefitsfor individual patients, considering variables
such asage, beam location and direction, tissuesin the beam and previousfluoroscopic procedures or
radiationtherapy. (Bold added.)

- Counsel patientsregarding the symptomsand risks of large radiation exposures and addressrisksfrom
radiationinthe consent form.

-Justify and limit the use of high doserate modes of operation.
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TEN COMMANDMENTSFOR MINIMIZING RISKSFROM

FLUOROSCOPIC X RAYS

#1:

Remember, doseratesaregreater and doseaccumulatesmore
rapidly aspatient sizeand astissue penetration thicknessincr eases.

H#H2:

Set thedoseand doseratecontrolsfor thebest compromiseinimage
quality and in radiation doseaccumulation.

#3:

K eep the beam-on timeand thedose accumulation in asinglear ea of
theskin tothelowest level commensuratewith the benefitsof the
procedure—The Golden Rule!

#H4:

K eep thepatient at maximum practicabledistancefrom thex-ray
tube.

#5:

Keep theimagereceptor asclosetothe patient aspracticable.

HO:

Don’t overusegeometricor electronic magnification.

H:

If imagequality isnot compromised, removethegrid during
procedureson small patientsor when theimager eceptor cannot be
placed closeto the patient.

#8:

Collimatetotheareaof interest.

Monitor radiation utilization and maintain aquality control program
toassureradiationismanaged properly.

#10: Commensur atewith their duties, besurepersonnel havemastered

radiation safety and management.
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INTRODUCTION

Medical uses of fluoroscopic x-ray radiation have
changed enormously since about 1990. Not only has
the number of fluoroscopic proceduresincreased dra-
matically since then, but new and more sophisticated
applications have been devel oped. In specialtieswhere
fluoroscopy was once only sporadically or never used,
it is now indispensable. However, along with these
increased utilizations have come many reports of
injuriesto both practitionersand patients (1 - 29).
Since 1990, fluoroscopic radiation has also been
suspected as the cause of cancers and cataracts
in some physicians. The primary means of ensuring
the safe use of fluoroscopy is through early training
and education initsprudent application.

A Short History Lesson

Asearly as 1902, medical fluoroscopists warned
their peers about the irreversible dangers of fluoros-
copy and about the importance of good practicein the
prevention of itsintractable health effects. Inthe early
decades of the 20" century numerous patients and
physicians were severely injured by exposure to fluo-

T
b

Figure 1. Breast cancer and skin injuries induced
by fluoroscopic x rays. (Adapted with permission
from reference 30: MacKenzie |. Breast cancer
following multiplefluoroscopies. Br JCancer 1965;
19:1-8)

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

-11-

roscopic radiation (Figs.1 and 2; refs. 30, 31). Many
physicians died of radiation-induced cancer. These
medical complications to both user and practitioner
prompted the medical community to demand safer
equipment and improved methods of protection from
the rays. Thefirst international conference on protec-
tion from radiation was called by physicianswho took
the first official actions to standardize safe uses (32).
Thisno doubt played asignificant rolein prevention of
many would-beinjuries; but injuries, never theless, till
occurred. Prompted by the growing evidence of radia-
tion-induced cancers and severe skin reactions, gov-
ernmental agenciesinthe 1960’sinstituted regulations
on the design and use of fluoroscopic equipment in
medicine. With better controls on equipment design and
heightened awareness on the part of practitioners, the
number of adverse events declined. Unfortunately,
this has lured generations of practitioners into
the false sense of security that regulations and
new technologies have rendered fluoroscopic in-
juries a thing of the past. In fact, some modern
instrumentation and medical advances have actu-
ally increased the potential for injury to patients
and to personnel.

Since about 1990, hundreds of cases of fluo-
roscopically-induced dermatitis, including numer-
ous cases of dermal necrosis in patients and physi-
cians have been reported (1-28). The most severe
injuries have required skin grafts or myocutaneous
flaps. We have personally observed serious radiation
injuriesin physicianswho started using fluoroscopy in
their practice around the mid 1990’s. Vafio6 (29) and
Haskal (33) have reported on radiation-induced cata-
ractsin physicians and assistants. Thisincreasein in-
juries is directly related to the burgeoning growth of
interventional medical proceduresthat rely heavily on
fluoroscopy for the proper placement of medical de-
vices. Injuries in patients prompted the United States
Food and Drug Administrationto issue an advisory and
warning in 1994 (27) to draw attention to these infre-

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.
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Figure 2a. Hands of Mihran Krikor Kassabian,

M.D. after about seven years of direct irradiation
from fluoroscopy (age about 33 y). In addition to the
chronic radiation dermatitis, the nailsare discol ored.
(From refernce 31: Kassabian MK. Rontgen Rays
and Electro-Therapeutics with Chapters on Radium
and Phototherapy. Second Edition. Philadel phia: J.
B. Lippincott Company, 1910; figure 209A.)

. _______________________________________________________________________|
Figur e 2c. Further deterioration of hands about one
year after condition in Fig. 2b. (From: Archives of

the American College of Radiology, Reston, VA)

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

. _____________________________________________________________________|
Figure 2b. Deterioration of hands of fluorosco-
pist in Fig. 2a about six years after image in 2a.
Note the brittle, cracking nails and neoplasms.
(From: Archives of the American College of Radi-
ology, Reston, VA)

Figure2d. Amputationsand condition of handsfive
months after picture in Fig. 2c and shortly before
death at the age of 40 years. (From: Archives of
the American College of Radiology, Reston, VA)

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.
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guent but severe injuries to patients and to make rec-
ommendations on steps to be taken to avoid their oc-
currence. This training course was developed to ad-
dress, in part, some of their concerns. A brief sum-
mary of their advisory isgiven at the beginning of this
monograph.

Responsibilities

X rays are indispensable in medicine and
must be applied with a great deal of respect for
their potential hazar ds. Moreover, diagnostic X rays
arethe principal source of exposureto the general pub-
lic from man-made ionizing radiations. The responsi-
bilitiesand theliabilities of the fluoroscopist who uses
diagnostic x rays on patients are similar to those in-
volvedindispensing alegally controlled substance. As
with drugs, small quantities of x rays can be detrimen-
tal to health, but therisk is extremely low. When used
in large quantities, the risks are greater and very seri-
ous injuries can occur. For these reasons, only the
medical profession is legally permitted to directly
and intentionally expose an individual, as a pa-
tient, to x rays. This fact places a serious responsibil-
ity onthe medical professiontotrain physiciansinthe
safe, efficient, and economical dispensation of diag-
nostic-typeradiation. Thismonographisdesigned asa
concise educational programto help facilitiesand their
physicians meet these goals and to establish a safe
working environment for all.

QUALIFIED USERS

The Need for Training

When used under properly controlled conditions,
radiation isasafe and indispensabletool in the diagno-
sisof disease. Radiation applied during fluoroscopically
guided interventional techniquesis much greater than
that needed for simple diagnostic tests of the same
Licensed to:

St. Joseph Medical Center

7601 Osler Drive
Townson, MD 21204
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organ system, but the increased radiation iswell justi-
fied by the markedly improved quality of health care.
However, it has also been proven that excessive
amounts of radiation can be administered by physicians
who are not cognizant of how to properly apply radia-
tion (27, 28). Proper application requirestraining.

Thistraining must involve not only afundamental
knowledge about the proper deployment of radiation
for medical purposes, but also knowledge specific to
the use of aparticular machine, sincethe configuration
of the system control panel and other features usually
differ from machine to machine. Most machines have
specia controls to adjust dose rate and image quality
for specific applications. It is essential that users un-
derstand the function of and the result of applying each
of these controls. Animproper choice can result in se-
vere health detriment for patients and practitioners.
Since fluoroscopic machines differ markedly in their
operation, it isincumbent on the practitioner to under-
stand the nuances associated with various operating
modes of a particular fluoroscope. This manua and
program deals only with generalities and a complete
training program must include a short course on the
operation of specific equipment that isnot included here.

Before Operating the Fluor oscope

Figure 3 depicts many of the fundamental fea-
tures of afluoroscope. M odern fluoroscopes use highly
sophisticated technology and are complex machines.
Before you operate any medical x-ray equipment, you
should know the laws in your state and apply a few
common-sense principlesto optimizethe safe delivery
of radiation. As the operator of the equipment you
must know:

¢ How to properly operate the x-ray machine and
how to properly use the features specific to that
unit (See Table 1),

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

¢ How to properly position the patient and the x-
ray system for the procedure,

¢ How to control image quality (by properly se-
lecting image quality and special dose rate con-
trols, magnification, geometry, use of a grid,
collimation, softwarefiltersetc.),

¢ How tominimizeradiation levels (by employing
the same features as in the previous item),

¢ How theradiationisdistributed in the room,

¢ How personnel should be positioned for minimum
radiation exposure,

¢ How to properly use shielding devices and per-
sonnel-monitoring devices.

Nursesor physician assistants may sometimes be
asked, in the presence of a physician, to operate x-ray
equipment during procedures. If this is the case in
your facility, prudencewould dictate that they betrained
in its safe and proper operation and in the biological
hazardsassociated withitsuse. In somelocalities, regu-
lationsmay require special training or licensing and pro-
hibit use by untrained personnel. Regardless of who
controls the machine, it is the physician who remains
responsible for assuring that the x rays are safely and
properly applied and that appropriate radiation protec-
tion measures are followed.

Table 1. Check-off list for safe operation of fluoroscopic equipment

Which of the following features does your fluoroscopic unit have?

Continuous modefluoroscopy
Pulsed mode fluoroscopy
Variable pulsed modefluoroscopy
Doserate (Quantum noise) control
High-level control

Pediatric modesof operation
Sdlectablemagnification modes
Mechanical filter controls

Removeableor retractablegrid

Removeable separator cone
Serid imaging modes

OO000O000O0O0O000oOooOoa0

Do you know

oooao

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

Stand alone, hanging or other x-ray shields

How to engage or disengage each option?

The advantages or disadvantages of each option for patient doserate and image quality?
Theadvantages or disadvantages of each option for doseratesto personnel

When to employ and when to disengage each option appropriately?

Virtua collimation (permitting collimation control before applying x rays)
Virtua table positioning (to permit repositioning of the patient and tablewithout applying x rays)

Variable movement of x-ray tubeand/or imageintensifier

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.
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Figure 3. Fundamental Features of the Fluoroscopic Setting
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Training on Specific Equipment

For new equipment, an applications specialist from
the manufacturer normally providestraining. Thisindi-
vidual will travel to your facility to instruct staff in the
manufacturer’s intended operation of the unit. These
individuals may or may not betrained inimportant safety
measures or in imaging safety. Larger facilities al'so
employ amedical physicist who evaluates the perfor-
manceof x-ray equipment. Alternatively, medical physi-
cistsact asconsultantsto smaller facilities. Many medi-
cal physicists are board certified and can provide in-
formation about equipment, radiation management,
safety and biological effects.

PROPERTIESOF X RAYS

X Rays and Light

Ultraviolet light, visiblelight and x r ays consist of
amultitude of individual particles of radiation called
photons. Light photons are responsible for human vi-
sion. Photon particles are pure energy and have no
mass. In open space they al travel in astraight line at
the speed of light. All photons are a form of electro-
magnetic radiation. Ultraviolet light photons, visiblelight
and x rays differ only in the energies of their photons
and they have analogous properties:

» Light photons passthrough some objectslikeglass
or the cornea and lens of the eye. X rays are far
more energetic and penetrate the body, some
passing completely through it.

» Lightinteractswith humantissue such astheretina
and the skin, effecting vision and asuntan. Most
X rays interact in the human body and cause
changes in molecular structures through ion-
ization. Some are completely absorbed; others
are deflected away from their normal course of
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travel. Those relatively few x rays that success-
fully passthrough the patient make the radiograph.

» Light that istoo intense causesblindnessand skin
burns. High exposures to x rays cause cata-
racts, skin necrosis and other less severe but
permanent changes in the skin. The severity of
an effect is related to the amount of energy ab-
sorbed by the tissue, i.e., the dose.

» Chronic exposure to ultraviolet light can lead to
skin cancer or damage to the eyes. Any expo-
sure to x rays is thought to have the potential
to cause cancer that may develop years later.
Chronic exposureto x rayslikewiseincreasesthe
risk for induced neoplasm and possible malignancy.

» We protect ourselves from intense sunlight by
wearing sunscreen or sunglasses. We protect
ourselves from x rays by wearing lead aprons,
protective lenses and by using other forms of
shielding.

When x raysinteract in a patient, many are scat-
teredin random directionsfrom the exposed volume of
the patient. These scattered x rays are the principal
source of radiation exposure to personnel during
fluoroscopy. Since chronic exposure to X rays can
lead to increased health risks, learning to manage
radiation well is an investment in good health—
yours, that of your co-workers, and that of your
patients!

RADIATION QUANTITIESAND
UNITS

A quantity of x rays can be described in avariety
of ways. The chosen method of quantification de-
pends on what one wishes to communicate about
theradiation. Below, we first introduce the utility of
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each of these concepts. Thisisfollowed by anin-depth
description of each. Table 2 then summarizes each of
these concepts.

1. If the potential health consegquences to a spe-
cific organ or tissue is the concern, as for example a
skin injury, cataract, or a cancer, then absor bed dose
must be quoted.

2. For comparing carcinogenic or genetically
heritable risks for individuals who are exposed to ra-
diation in entirely different ways, as for example a
fluoroscopist compared to a nuclear medicine physi-
cian, effective dose is the appropriate dose descrip-
tor.

3. If the purposeis simply to specify the amount
of radiation that exists at a position in space, such as
the output of a fluoroscope, then air kerma is the
guantity of choice*.

4. Equivalent doseis another quantity of inter-
est, but it is not relevant to fluoroscopy. It isrelevant
only for radiations that have properties markedly dif-
ferent from those of x rays. Since fluoroscopy does
not use these other forms of radiation, the concept is
functionally irrelevant. Of importance, however, isthat
this quantity isthe quantity quoted in radiation saf ety
reportsfor exposure to specific body organs and must
be recognized by fluoroscopiststo ensure proper com-
munication of exposuresto personnel.

5. Kerma-area-product (also called Dose-
area-product) isquite simply the mathematical prod-
uct of the area of an x-ray beam and the doseto air in
that area (dose to air for fluoroscopy is the same as

the air kerma). This term is useful for assessing the
total radiation to which apatient is subjected in apro-
cedure. It is principally related to neoplastic and ge-
netic risks. Most modern fluoroscopes measure and
report the kerma-area-product for each procedure. It
isnot directly related to injurieslike skin erythemaor
cataract, but with some manipulation, may assist in
assessing that risk.

Absorbed Dose

X raysionize human tissues and deposit energy.
Thisisthefirst stepin aseriesof eventsthat may lead
to a biological effect. The concentration of energy
deposited locally in tissue is called the absorbed
dose and provides an important measure of the po-
tential for biological effects. Theterm * absorbed dose”
is often truncated to just “dose”’. Whenever the term
“dose” is used without additional modifiers, the con-
cept of “absorbed dose” isto be understood. Absorbed
dose is measured in units of gray (Gy,) or milligray
(mGy,), where we use the subscript “t” to specify the
dose asbeing intissue. (Thisdistinguishesthe unit of
dose from that of air kerma as discussed later. This
nomenclature is not standard and is provided here as
a convenience.) One gray of absorbed dose in tissue
is equivalent to an energy deposition of 1 joulein 1
kilogram of tissue mass. A typical fluoroscopic ex-
amination of thelower Gl tract resultsin an entrance
skin dose of about 100 mGy, (0.1 Gy,). The dose
required to produce desgquamation ismorethan 10,000
mGy, (10 Gy,). [Note: entrance skin dose isthe dose
located at the surface where the x rays enter the pa-
tient. Doseinside the patient is|ess and decreases by
about afactor of 2 for each additional 4 cm of depth.

* At fluoroscopic x-ray energies, a quantity that is directly related to air kermais“exposure”. As aformal quantity, “exposure” is defined
asthe number of ions of one polarity produced per unit mass of air. Since energy must be exchanged from the x raysto the molecules of air
to produceions, air kermaand exposure are effectively measuring the same thing; but their units are entirely different. The standard units
of “exposure” are Coulmbs per kilogram of air. In the United States, the Roentgen (R) is often used asaunit of exposureand 1 R isequivalent
t0 8.76 mGy air kerma. The Roentgen is an outdated non-standard unit of measurement and its use is discouraged.
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The exit skin dose for a 25-cm thick abdomen (dose
to the skin where the x-ray beam emerges from the
patient) is only about 1% that of the entrance dose.]

Absorbed doserateistherate at which absorbed
doseaccumulates. Itistypically quoted in unitsof mGy,
/min or mGy, /h. A fluoroscope typically produces an
entrance dose rate to the patient’s skin of about 30
mGy, /min. The dose rate to unprotected tissues of an
attending staff member one meter away would be ap-
proximately 0.03 mGy,/min (1.8 mGy, /h).

An outdated unit of absorbed dose commonly used
in the United Statesistherad. This unit has been re-
placed by the standard international unit of gray. One

rad is equivalent to 10 mGy,. One Gy, is equivaent to
100 rad.

Effective Dose

Effective dose is a quantity devised to account
for the fact that exposures to people are not typi-
cally spatially uniform. Effective dose is a dose that
would produce the same quantitative risk for cancer or
heritable effects as the dose actually delivered to a
limited portion of the body. For example, thelead apron
blocks most of the exposure to the thorax and abdo-

Table2. Radiation Quantitiesand Units

Quantity Units of What it is- What it Why it's useful
measur ement (Definition) measur es
Amount of energy Measures Assesses the potential
Absorbed gray (Gy) or locally deposited in concentration of biological risk to that
Dose milligray (mGy) | tissue per unit mass of energy deposition specific tissue
tissue in tissue
An attributed whole Converts any Permits comparison of risks
body dose that produces | localized absorbed | among several exposed
Effective sievert (Sv) or the same whole-person | or equivalent dose individuals, even though the
Dose millisievert stochastic risk as an to a whole-body doses might be delivered to
(MmSv) absorbed doseto a risk factor. different sets of organsin
limited portion of the these individuals.
body.
G Kinetic energy released | Measures amount Assesses the level of hazard
Air Kerma gray (Gy) or in matter of radiation at a at the specified location
milligray (mGy) SO
point in space
Exposure lons of one sign M easures amount Assesses the_ level of_ hazard
(notused in | millicoulomb-kg® pro_du_ced by thg of _rad_latlon aa at the specified location
this text) radiation per unit mass | point in space
of air
A dose quantity that Providesarelative | Thisisthe most common
severt (Sv) or factorsin the relative dosethat accounts | unit used to measure
Equivalent lisevert biological damage for increased radiation risk to specific
Dose miiSiever caused by different biological damage | tissues for radiation
(mSv) - )
types of radiations. from sometypesof | protection of personnel
radiations.
Dose-Area Gy-cn’, Product of air kerma Measures how Can be used as a quality
Product mGy-cn?, or and cross sectional area | much radiationis control measurement to
other similar unit | of x-ray beam employed for a assure that radiation is
fluoroscopic maintained within
examination. acceptable levels.

Adapted with permission from: Hirshfeld JW, et a. ACCF/AHA/HRS/SCAI clinical competence statement on optimizing patient safety
and image quality in fluoroscopically guided invasive cardiovascul ar procedures: areport of the American College of Cardiology/American
Heart Association/American College of Physicians Task Force on Clinical Competence. JAm Coll Cardiol 2004;44:2259-82.
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men of fluoroscopy personnel, but the head, legs and
arms are unprotected. Effective dose is a hypotheti-
cal dose that would have to be given to your entire
unprotected body to produce the same health risk
as the nonuniform dose that you received while
wearing the apron. It is quoted in units of sievert
(Sv) and millisievert (mSv). Because effective dose
is essentially a surrogate whole-body risk descriptor
that isassociated with anonuniform exposureto radia-
tion, comparisonsof riskstoindividua sfromvastly dif-
ferent radiation conditionsbecomeseasier. For example,
if oneindividual isexposed whilewearing alead apron
and another is exposed who wore no lead apron, ef-
fective dose permits a comparison of their risks, even
though their principally exposed organswere quite dif-
ferent.

For radiation protection purposes, regulatory lim-
its on whole-body exposuresto personnel aregivenin
terms of effective dose. Effective doses cannot be mea-
sured directly. They are extracted from the data gen-
erated from film badges or other types of personal ra-
diation monitors. A typical monthly radiation badge
reading for afluoroscopist who wearsthe badge at the
collar outside the lead apron might be about 0.3 to 3.0
mSv (30 to 300 mrem). Asaregulatory convenience,
the extracted effective dose is sometimes quoted as
1/3 the collar reading, or about 0.1 to 1.0 mSv for our
example (10 to 100 mrem). In redlity, the true effec-
tive doseislessthan this. Your monthly effective dose
from naturally existing radiation, such as radon gas,
cosmic radiation, and naturally existing radioactivity is
about 0.3 mSv.

Inthe United States, effective doseis often quoted
in units of rem. The rem is outdated and has been re-
placed by the sievert. In our example, 0.3 mSv is 30
mrem.
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Air Kerma (free-in-air) and Exposure

The quantities used to measure how much radia-
tionispresent at a specific positioninclude air kerma
and air kerma rate. These are always assumed to be
“free-in-air” unless otherwise stated. “Free-in-air”
means that the measurement isdonein air away from
any surface that might increase the measurement by
reflecting or scattering radiation into the area of inter-
est. Asx rays pass through air, some of the x-ray pho-
tons collide with and ionize the air. This collision pro-
cess results in an exchange of energy. At diagnostic
energies, “air kerma” is essentially the energy de-
posited per mass of air or the absorbed dose to air
at the position of interest. Air kerma is measured in
units of gray (Gy,) or milligray (mGy, ), where the
“a" specifiesthedose asbeing in air. [We note that the
guantities of air kerma and absorbed dose in tis-
sue, although measurably different, havethe same units
—gray (Gy) or milligray (mGy). To distinguish these
two quantities and avoid confusion, we put subscripts
ontheunitsto identify them asaunit of air kerma(Gy,
or mGy,) or asaunit of absorbed doseintissue (Gy, or
mGy,). This convention is not commonly used and is
introduced as aconvenience for our readers.] Thereis
no fixed relationship between free-in-air air kermaand
the absorbed dose to tissue when the patient is at the
same position. However, for usual fluoroscopic field
sizestherelationship may be approximated asfollows:

Absorbed dose to skin in mGy, ~

1.4 x free-in-air air kerma in mGy,

The quantities of exposure and exposure rate,
although outdated, are often used instead of air kerma
and air kerma rate. The unit of exposure used in the
United States is roentgen (R). One R of exposure is
equivalent to 8.76 mGy, of air kerma. See footnote
on the previous page.

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Weagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

Theterm “exposure’ hastwo meanings. Thefirst
meaning isthat of adefined quantity of chargereleased
per unit mass of air asaresult of the interaction of the
radiation with air. The second is a generic use of the
word to mean that an individual was present when ra-
diation was also present, i.e., the person was exposed
toradiation. The two should not be confused.

Equivalent Dose

Equivalent dose is a tissue dose that accounts
for the different ionizing properties of forms of ra-
diations that are not of concern to fluoroscopy.
However, for radiation protection purposes, regulatory
doselimitsto specific body sites, such ashandsor lens
of the eye, are quoted in units of equivalent dose. The
units are sievert (Sv) and millisievert (mSv). When

1 Gy of dose

\/

5 Gy of
dose

used for fluoroscopy and diagnostic radiology, an ab-
sorbed dose in mGy, is the same quantitative value as
anequivalent doseinmSy, i.e., 1 mGy, =1 mSv.

Inthe United States, aunit of equivalent dosethat
is often used is the rem. This outdated unit has been
replaced with theinternational standard of sievert. One
remis equal to 10 mSv. One Sv is the same as 100
rem.

Kerma-Area (Dose-Area) Product

Kerma-areaproduct (KAP) ismorecommonly
called the dose-area product or DAP. The“dose” in
this case is actually the absorbed dose to air, not to
tissue, and can therefore be misleading.

v

a» -

6 cm2 of area

30 cm2 of area

DAP (or KAP) = 30 Gy-cm?

No observeable
skin change

DAP =30 Gy-cm?2

Hair loss

1 cm?2 of area

DAP = 30 Gy-cm?2

Skin nercrosis

Fig. 4. Threeexamplesof Kerma-AreaProduct (whichisthe samething asDose-AreaProduct or DAP). In
all three casesthe DAPisthe same, but thedoseisvery different. By itself DAP cannot be used to assessrisk
for injury to skin. DAPisused to assesstotal radiation delivery, whichisrelated primarily to the potential
carcinogenicrisk. DAPisuseful asaperformanceimprovement tool. (Note, dl unitsof Gy inthisdiagram

reflect thedoseto air or theair kerma.)
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Theoverall carcinogenic risk to apatient depends
on the amount of radiation to which they are exposed
and theamount of tissue exposed. Recall that air kerma
is the quantity that best reflects the amount of radia-
tion at apoint in space. It does not tell us how big the
radiation field is. Kerma-area product (KAP), on the
other hand, depends directly on area since it is ob-
tained by multiplying thedoseinair (i.e., theair kerma)
times the area of the beam. KAP (or DAP) thus re-
fersto the concentration of energy imparted to a cross
sectional area of air. Note that this quantity increases
with increasing beam area (field size), even if the air
kerma remains unchanged (Fig. 4). DAP reflects car-
cinogenic risk better than absorbed dose because it
includesthe size of the exposed area. For the same air
dose, narrower beams result in lower DAP and less
risk because a smaller amount of tissue is exposed.

DAP may beused to monitor radiation output from
radiographic machines, including fluoroscopes. Typi-
cally the device used to measure DAP is placed near
the x-ray source before the beam enters the patient
(Fig. 3). Themeasurement isusually provided in units
of Gy,-cm?or mGy,-cm?. To obtain a measure of the
risk for injury to the skin where the beam enters the
patient, absorbed dose can be derived by dividing the
DAP measurement by the area of the beam at the
skin. Thisyieldsthe air kerma at the skin, which can
be converted to tissue dose through the equation de-
scribed on page 19. Using DAP to monitor radiation
usage is discussed further under commandment #9.

BIOLOGICAL EFFECTS

Potential biological effects of radiation are clas-
sified aseither stochastic or deter ministic. Stochastic
effectsinclude neoplasm and heritable changesin re-
productive cells. Deterministic effectsinclude radia-
tion-induced epilation, erythema, and necrosis. Thedif-
ferences in these two categories result from the fact
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Lesson learned #1: X rays are a car-
cinogen and any dose of x rays has the
potential to cause cancer. Fluoroscopists
must diligently exercise sound radiation
management to minimize risk to patients
and to personnel.

that changes in a single cell are sufficient to cause
stochastic effects but deterministic effects cannot be
induced unless there are changes in many cells.

lonizing radiation can induce achangein the ge-
netic material of asingle cell that might initiate devel-
opment of a neoplasm, a stochastic event. Theoreti-
cally, this could occur at any dose level. However, at
low doses the likelihood of inducing those precise
changes necessary to cause the effect is very small.
Thisprobability increaseswith increasing dose because
more interactions occur and thus the likelihood of in-
ducing the necessary changes in one cell increases.
Thus, for stochastic effects, the effect might be pro-
duced at any dose and the probability of inducing
the effect increases with increasing dose. The se-
verity of the effect is independent of dose.

For deterministic effects, changes must occur in
many cells before the effect, such as erythema, mani-
fests itself. For these events to occur, a certain dose
level must be reached. Thisisknown as the threshold
dose sincethe effect cannot beinduced at | esser doses.
As dose increases above the threshold the likelihood
and the potential severity of the effect increases. Thus,
for deterministic effects, a threshold dose exists and
the likelihood of the effect occurring, as well as its
severity, increases as dose increases beyond the
threshold.
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Radiation-Induced Cancer

Interactions of x rays in tissues cause ionization
and a subsequent breakdown of biomolecules. The
biomolecular components may chemically interact with
other biomolecular material, causing further changes.
Following low-dose exposure to X rays, these events
arelikely to beinconsequentia to the tissue dueto re-
pair mechanisms that nullify induced changes. How-
ever, it is always possible that permanent changes in
the genetic materia of one cell may beinduced. These
changes could be passed on to future generations of
cells. The possibility existsthat specific changesinthe
genes may initiate carcinogenesis. The latent period
between irradiation and diagnosis may be as short as
two years or as long as many decades. It is hypo-
thetically possible that any dose of radiation, no
matter how small, could induce cancer. Because the
frequency of such an occurrence would be very low, it
isnot possibleto test this hypothesis. However, doses
in excess of 200 MGy, have been shown to induce can-
cers with the likelihood increasing as dose goes up.
For an entire-body absorbed dose of 200 mGy, therisk
might be in the range of 0.2% to 1.6%.

Cancersin patients

Figure 1 shows a breast cancer diagnosed in the
early 1960'sbut which wasinduced in the early 1950’s
(30) by extensivefluoroscopy. Thereisalwaysalong
delay between exposure and diagnosisand it isnot pos-
sibletobiologically distinguish aradiation-induced can-
cer from a cancer of other etiology. Therefore, it is
very difficult toidentify aradiation-induced cancer. This
case represents the rare instance wherein the histori-
cal circumstances strongly point to previous fluo-
roscopies as the cause of this cancer. In this case, the
patient underwent fluoroscopy of the lung more than
200 times with her breasts facing the x-ray tube. The
cumul ative absorbed dose to the patient’s breast prob-

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

-22-

ably exceeded 40 Gy,. Small doses from modern
equipment might induce cancers, but the frequency
of induction would be too low to detect. Because ra-
diation at any level has the potential to cause can-
cer, fluoroscopy must be used with considerable dis-
cretion.

Cancersin medical workers

Physicianswho performed radiography and fluo-
roscopy inthefirst half of the 20" century died of can-
cer a arate exceeding that of other physicians (34 -
36). With the implementation of sound radiation pro-
tection, thisexcessratefell in fluoroscopists practicing
later in the century. However, some cancers, such as
multiple myeloma, werestill found to be dlightly in ex-
cess. Because radiation-induced cancers are a poten-
tial risk to any employee exposed occupationally to ra-
diation, the only sensible approach isto learn how to
minimize one'srisk by minimizing exposure. Thereare
no levels of exposure thought to be completely safe,
but sound practices will keep the risks at acceptably
low levels.

Radiation-Induced Heritable Effects

It also may be possible that heritable changesin
the genome of reproductive cells will affect descen-
dants (37). Thelikelihood of thisoccurring in humans
is extremely low, and has never been unequivocally
demonstrated in any human. Infact, some humanshave
been rendered temporarily infertile by radiation only to
recover and later parent normal children. The daugh-
ter of one such person is now amedical doctor.

All estimates of radiation-induced heritableriskin
humans are derived from studiesin animals. The only
way to minimize this potential risk isto minimize the
dose to as low as reasonably achievable. (The acro-
nym “ALARA” is used to denote the philosophy of
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“as low as reasonably achievable”). For patients, go-
nadal shields can be used to minimize dose to repro-
ductive organs when they do not interfere with thein-
tended diagnostic or interventional result. For person-
nel, use of proper radiation protection equipment, such
as protective apparel, shields, and personal radiation
monitors, is effective. These are discussed in detail
later under commandment #10.

Radiation-Induced Injuries

If the dose from x raysisvery high, cell damage
isextensive. Repair mechanisms are overloaded. Cell
death and tissue breakdown can occur. Figures 2 and
5 - 14 demonstrate this effect for medical radiation. X
rays of sufficient intensity to cause such effects do
not typically cause any sensation during the irra-
diation. Furthermore, unlike a thermal burn, x-ray
injuries typically develop slowly. Visual evidence of
induced erythema may perhaps become apparent
soon after the fluoroscopy but usually does not
occur_until days or weeks later. If the dose exceeds
certain levels, tissue degeneration will develop over
many months into ulceration and dermal necro-
sis. Some single delivery (non-fractionated) threshold
doses for certain effects are given in Table 3. While
these threshol ds are based on current information, the
reader should realize that they apply mostly to people
with healthy skin, apply only to doses delivered in a
very short period of time, and that there may beawide
variation of sensitivities among individuals. These
thresholds should be used as guidelines, not as abso-
lute boundaries.
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Table 3. Potential Effects in skin from

fluoroscopy. (Adapted from Ref. 38 and revised
according to information provided in private communica-
tion with J. W. Hopewell, 1999.)

Single-dose

Effect threshold (Gy ) Onset
Early transient 2 2 _24h
erythema
Main Erythema 6 ~10d
Te_mp_orary 3 -3 wk
epilation
Permanent 7 ~3 wk
epilation
Dry desquamation 14 ~4 wk
Moist 18 ~4 wk
desquamation
Secon(_jary 24 >6 wk
ulceration
Late erythema 15 8 -10 wk
Ischem_lc dermal 18 >10 wk
necrosis
Dermal atrophy
(1st phase) 10 >12 wk
Dermal atrophy
(2nd phase) 10 1y
Induration 10
(invasive fibrosis)
Telangiectasia 10 >ly
Dermal necrosis > 192 -1
(late phase) ' y
Skin cancer None known >5y
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Injuries to practitioners

Figures 2a — 2d are a self-portrait series of a
physician’s handsyears after intense exposure to fluo-
roscopic x rays (31). The physician, Mihran Krikor
Kassabian, MD, took these photographs to encourage
prevention of such injuries. Dr. Kassabian died of ra-
diation-induced cancer in 1911 at the age of 40. This
text is dedicated to his message of prevention.

Figure 5 demonstrates awound on the finger of a
dentist who routinely exposed hishand to x rayswhile
holding the dental films during examinations. The cu-
mulative damage over timeresultedin ulceration. This
occurred in the late 1980's and demonstrates how
small doses of radiation delivered repeatedly can
accumulate to erode the skin.

Figure5. Dentist’s finger after chronic exposure
to x rays. (Courtesy of J. G B. Russdll)

Lesson learned #2: Fluoroscopists must
avoid chronic irradiation of their hands by
knowing how to orient the fluoroscope in re-
lation to themselves and to the patient and
by avoiding direct irradiation of their hands,
except under the rare instance when pa-
tient care requires it (commandment #10).
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Injuriesto hands —truevignette #1

Injuries to hands of fluoroscopists still
occur. In 1997, a physician showed his hands to
one of the authors. Radiation dermatitis was vis-
ible from the knucklesto the fingertips. The skin
appeared scaly and discolored with no hair inthe
affected areas. The fingernails had brown stria-
tions. Similarities to Fig. 2a, although not as se-
vere, were striking. The physician frequently put
hishandsinthedirect x-ray beam to place needles
and cathetersinto the spinal canals of patientsly-
ing prone on the examination table. Contrary to
advice in this monograph, he was instructed that
it was appropriate to use the machine with the x-
ray tube above the patient. This x-ray beam ori-
entation and his frequent hand exposure led to
years of excessive skin dose. Radiation dermati-
tis was diagnosed about 3.5 years after com-
mencement of hisduties.

Injuriesin patients

Figures 6 - 14 depict the severe consequences of
high dose rates and long exposure times that result in
large radiation doses to patients. The notion that ra-
diationinjury isnot possibletoday duetoimproved fluo-
roscopic equipment is not true. The fluoroscopic inju-
riesillustrated here occurred between the years 1990
and 2004. Although wounds of this severity are rare,
dosesrequired to produce them can bereadily achieved
with modern equipment. There aretwo very important
facts about radiation-induced effects: 1) there is no
sensation of temperaturerise a the time of irradia-
tion to forewarn an exposed individual about the ad-
verse event, and 2) a long delay amost always oc-
curs between irradiation and manifestation of the ef-
fect. Therefore, unlike heat from fire that alerts an
individual about the danger of getting too close, thereis

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

Figure6a. Erythemasevera months  Figure6b. Healing of injury in Fig. Figure 6¢. Wound in patient of Fig.
after angioplasty. 6afive months after procedure. Gaat 22 months after angioplasty.

| J

Figure 7. Fluoroscopically-induced
ulcer. (Adapted with permission from:
Wolff D and Heinrich KW.
Strahlenschéden der Haut nach

Herzka’Fheterdi agnostik und —therapie: 2 Fi gur e 8a. EP catheter Fi gure 8b. Erythemaabout
Kasuistiken. Hautnah derm 5: 450-452, ablation, fluorograph with 3weeks.

19%3) humerusin thefield-of -view.

Figur e 8c. Ulcer about 5 months Figure8d. Extent of injury with Figure8e. Surgical flap about 10

humerus visible about 6.5 months after  months after procedurein Fig. 8a.

aft edureinFig. 8
e procedureintig. <a. procedureinFig. 8a.
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Figure 10. Well-demarcated ul cerating
wound in patient following angioplasty of
right coronary artery and stent placement.
(Reproduced with permission from Wagner L K
and Medical Physics Publishing, ref. 23.)

Figure 9a. Two regions of erythema
about oneyear following PTCA
procedures with rotational atherec-
tomy and stent placement. Open
area of wound probably due to skin

biopsy.

Figure9b. Graft of wound inFig. 9a
about 2 years after procedures. (Figs.
9aand 9b reproduced with permission
fromKoenig TR, et a. AJR 2001,
177.13-20.)

Figure1la. Patient who Figure 11b. Wound of patient in
underwent three procedures 1laat 10 months. (Figs. 11athrough
for TIPS placement. Wound  11d reproduced with permission

six months after procedures.  from: Koenig TR, et al. AJR 2001;
177:3-11)

LAl

Figure12. Poikilodermic area Figure 13. Skin changeson right
subsequent to ulceration in 75-year- side of thorax and breast following two
oldwoman, 11 monthsafter PTCA attempts at cardiac ablation procedure

Figurelld. Patientin 11a
at 23 months after muscu-
locutaneous skin graft.

Figure 11c. Wound of
patientin 11aat 22
months.

Figure 14. This patient had three
bi-plane electrophysiological and
ablation procedures within about 4
monthswith acumulativetotal of

with ~42 minutes of fluoroscopy.
(Reproduced with permission from:
Wolff D. (1998). Research thesis,
private communication. See also
Koenig TR, etal. AJR2001; 177: 3-
11)
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in17-year-old patient. Dose~11—-15
Gy,. Patient hasdifficulty raising right
arm. (Reproduced with permission

from: Vaio E, et. . BJR 1998; 71, 510-

516)
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372 minutes of fluoroscopy. The
lesions on the back healed, leaving
adiscolored scarred area. Thearm
required grafting. (Reproduced with
permissionfrom VlietstraRE, etal. J
Interven Cardiol 2004; 17: 131-142.)
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no preventative sensation from fluoroscopy that skin
damage or a cancer is being induced. Thus, in the
absence of any warning signals, keeping radia-
tion dose below thresholds for injury is the respon-
sibility of the operator. (In very rare instances, some
patients have complained of pain late in a procedure
after radiation buildup has occurred. Pain hasa so been
reported in radiation therapy accidents where enor-
mous doses were delivered in a very short time.)

Figure 6 depicts a radiation-induced injury in a
patient who had three angioplasty procedures. An
erythemaappeared promptly after thethird angioplasty
and was evident after several months (Fig. 6a). In
Fig.6b the area of exposure appears to be healed, but
thereis anotable lack of skin tone due to the destruc-
tion of melanocytes. Figure 6¢ shows the deep necro-
sisthat later developed asaresult of radiation damage
to the vascular system of the dermis. Figure 7 showsa
similarly protracted development of anecrosisinadif-
ferent patient following cardiac angioplasty (24).
Erythema developed after 14 days with progression
into ulceration and poor healing. The wound is shown
about 12 months after the procedure.

Figures 8a— 8e depict aradiation injury induced
in the right arm just above the elbow of a patient who
underwent radiofrequency cardiac catheter ablation for
arrhythmia. Theinferior aspect of theright humerus of
the patient isvisible in the fluorographic image of 8a.
The arm of the patient was positioned in the direct
beam very near the port of the x-ray tube. The separa-
tor conewas removed (the separator coneis discussed
in commandment #4). The skin of the arm was there-
fore about 20 - 25 cm from the source. In order to
penetrate the extra soft tissue and bone the automatic
brightness control increased the x-ray intensity to a
very high level . These factors produced dose rates at
the arm that likely exceeded 0.5 Gy, per minute (50
rad/min). If the high dose rate mode was engaged, the

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

-27-

rates could have been in excess of 1.8 Gy, per minute
(180 rad/min). The total fluoroscopy time was about
20 minutes. The doseto the arm probably exceeded 25
Gy, (2500rad). Fig. 8bisaphotograph of the erythema
that occurred about three weeks after the procedure.
Necrosisis evident 5 months later (Fig. 8c). The ex-
tent of theinjury isdemonstrated at 6%2 monthsin Fig.
8d, which showsthe exposed humerus. A surgical flap
isin place at 10 months (Fig. 8e). The flap remained
intact at 18 months after the ablation procedure. No
further follow-upisavailable.

Figure 9 shows the back of a patient who under-
went two procedures separated by four months (5),
both involving atherectomy and stent placement. The
fluoroscopewasin aleft lateral oblique orientationwith
the second procedure al'so employing acranidl tilt. The
first procedure involved 172 minutes of fluoroscopy
(cine useis not known). The second included 73 min-
utes of fluoroscopy and over 2000 frames of cine. Two
areas of erythemaare apparent. Thelower areahealed
without intervention. The upper area necrosed and re-
quired grafting, Fig. 9b. The ulcerated areaseen in the
upper wound of Fig. 9ais probably the result of askin
biopsy that resisted healing dueto theradiationinjury.

Figure 10 shows an ulcerating skininjury that de-
veloped after a coronary angioplasty and stent place-
ment of the right coronary artery. Using aleft oblique
orientation with cranid tilt of thefluoroscope, thebeam
entered at the lower right section of the back and pro-
jected through to the upper left side of this large-
chested gentleman. Fluoroscopy time was 63 minutes
with nearly 5000 frames of cine (~2.5 minutesof cine).
The machine was routinely tested and found to be in
compliance over the period during which this proce-
dure was performed. Note that the borders of the col-
limator are well demarcated, indicating that the x-ray
beam was fixed in this position for most of the proce-
dure. About amonth afterwardstheindividual reported

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

pain associated with areddened areain hislower right
back. A full-thickness ulcer developed 3 — 4 months
after the procedure and grafting was required.

Fig. 11 isan image of skin injury following two
trangugular intrahepatic portosystemic shunt proce-
dures (TIPS) and one attempted TIPS, al within one
week of each ather (4). The procedure times summed
to a total of about 12 hours (the x-ray-on time was
much less but unknown). Weeks later the patient de-
veloped an irritating rash on his back that progressed
over time into a deep necrotic wound (Fig. 11c). Al-
though the patient had sought medical care from sev-
eral physicians, the diagnosis asto the etiology of this
injury was not made until 10 months after the proce-
dure.

Fig. 12 shows a poikilodermic areafollowing ul-
ceration on the right side of a patient about 11 months
after PTCA that involved morethan 42 minutes of fluo-
roscopy (24). In a separate female patient, Fig. 13 il-
lustrates a large area of telangiectasia and other skin
changesfollowing two attempts at ablation for arrhyth-
miathat resulted in approximately 100 minutes of fluo-
roscopy on-time (20). Approximately 12 hours after
the second attempt, an erythemadeveloped in theright
axilla. At one month the area was red and blistering.
At two years the area was described as an atrophic
indurated plaque, 10- x 5-cmwith lineal edges, hyper-
and hypopigmentation, and telangiectasia. The patient
wasdescribed ashaving difficulty raising her right arm.
The absorbed dose in this case was estimated to be
perhaps in the range of 11-15 Gy,. In both cases the
radiation dose to the right breast was substantial. The
womaninFig. 13was 17 yearsold whilethewomanin
Fig. 12 was 75 years of age. Radiation-induced breast
cancer is much more likely to develop in women ex-
posed prior to the age of 20 years.

Figures 14 show three areas of erythemain a
patient who had undergone an electrophysiological and
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ablation procedure for his WPW syndrome. A total of
three procedures were performed within about four
months. Each procedure involved about two hours of
fluoroscopy, roughly one hour for each plane of this
biplane procedure. The areas of erythema are shown
about 8 days after the third procedure. The lesions on
the back cleared over time without surgical interven-
tion. The lesion on the arm did not heal and required
grafting. Figure 15 demonstrates this biplane configu-
ration with insets of this and another arm injury from
similar circumstances. Note that the x-ray beam on
the patient’sright sideisintercepted by aportion of the
patient’sarm. Sincethearmiscloser to the x-ray source
than the patient’s back, the dose to the skin of the arm
is considerably higher than that to the back. This ex-
plainsin alarge part why the arm received the greater
injury. Thefact that thearm wasin the beam also means
that an unnecessary amount of extra tissue is in the
beam and this causes the x-ray unit to further increase

Lesson learned #3A: Radiation-in-
duced skininjury in a patient is possible and
can be severe. It can result from a single
long procedure or from doses accumulated
over multiple procedures. Radiation derma-
titis is delayed, from weeks to years after
the exposure. A conscientious effort should
be made to avoid prolonged exposure to
the same area of the skin.

Lesson learned #3B: No body parts
other than those essential for the comple-
tion of a procedure should be in the field-of-
view during fluoroscopy or fluorography.
Exposure rates to the patient can be ex-
tremely high if any part of the patient is in
close proximity to the source, especially if
the separator cone is removed.
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Image receptors

i

Fig. 15. Two casesof injury toright arm for separate pati ents undergoing fluoroscopically guided ablation
proceduresfor arrythmias. The diagram depictsabi-planefluoroscopic configuration illustrating how arms
inadvertently placed inthex-ray beam can be serioudy injured. (Imagein upper right reproduced with permis-
sion from: Wong L, Rehm J. Radiation injury from afluoroscopic procedure.N Engl JMed. 2004 Jun 17;350(25):
€23 (copyright 2004 M assachusettes Medical Society; all rights reserved). Imagein the lower right reproduced
with permission from: Vlietstra RE, Wagner LK, Koenig T, Mettler F. Radiation burnsas a severe complication of
fluoroscopically guided cardiological interventions. JInterven Cardiol (Blackwell Publishing) 2004; 17: 131-142.)

The number of reported injuriesto the skin of pa-
tients, who have had high-dose fluoroscopy and fluo-
rography, continuesto increase (e.g., refs. 1 and 2). At
least 200 cases of injuries are known. Only sound ra-

radiation output. A diligent effort must be exercised to
keep arms comfortable and out of the direct beam dur-
ing fluoroscopy (L esson learned 3B).

Asthese figuresindicate, extreme levels of fluo- diation management practiceswill reducethese events.
roscopic radiation results in very severe effects that Sound practicesinclude use of equipment appropriately
develop over extended periods of time. The injuries designed for the application, proper management of
cause permanent disfigurements in the patients. the patient, proper application of the radiation, and a

quality management program that includes dose moni-
toring and quality control of the equipment.
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Radiation-Induced Catar act

Radiation-induced cataract has recently come
under greater scrutiny than previously examined. His-
torically, radiation-induced lens opacities that are vis-
ible under acommon dlit-lamp microscope occur only
after acute doses in excess of about 1 Gy,. The thresh-
old for low-dose-rate chronic exposure is higher. Ob-
vious vision impairing cataracts are likely to occur at
doses in excess of 5 Gy,. However, with increasing
technol ogy that permitsthe detection of previously uni-
dentifiable cataracts, the presence of lesionsin the pos-
terior pole of the lens have been observed in
interventionaliststhought to be exposed under the pre-
viously believed threshold for cataract induction(33).
The effects that these subtle changes might have on
visionisnot well defined, but they are of aconcernfor
individualswhose professionsrely critically on excel-
lent vision. So, while athreshold existsfor obviousvi-
sua impairment, no thresholdisknown for these subtle
effects of unknown significance regarding vision. In
adultsthetimefrom exposureto development of acata-
ract is on the order of ayear or more. Because doses
necessary to cause visually impairing cataracts are
high, they need not be amajor concern for patients as
long as simple precautions are employed (see discus-
sionsunder commandment #8). However, to keep even
extremely subtle changes at aminimum, the principle
of ALARA should apply. The same is true for physi-
cians. When not followed, the potential for inducing
cataract becomes very real. In 1998, Vano et. al. (29)
reported cataractsinduced in physicians and assistants
who participated in interventional procedures using
equipment with the x-ray tube mounted abovethetable,
contrary to advicein this program. This configuration
caused large doses to accumulate over many years to
the eyes of theindividuals concerned.

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

FLUOROSCOPY

Fluor oscopy isthe production and display of seria
x-ray images for the purpose of observing real-time
motion of internal anatomic structures. X raysare pro-
duced in an x-ray tube and spread out (fan out) from
their point of origin. The tube and its housing are de-
signed to allow those x rays that travel toward the
patient to escape their enclosure while the others are
blocked from leaving the housing (Fig. 16). Thosethat
are permitted to escape the housing form a well de-
fined nearly uniform field of x raysthat entersthe pa-
tient (Fig. 17). Asthey penetrate through the patient,
most of the x rays are absorbed by the patient or they
are scattered and relatively few (typically ~1% for an
average adult) completely penetrate through the body.
As the x rays penetrate deeper into the patient, the
field becomes nonuniform, assuming a new distribu-
tion that creates theimage. Those few that are trans-
mitted through the patient generate the image, which
is captured in an image receptor. The image receptor
convertsthe nonuniform x-ray field into avisibleim-
agethat istypically observed on avideo monitor. The
image receptor can be aflat panel digital deviceor an
image intensifier (Fig. 18). Image intensifiers are, at
the time of thiswriting, the most common type of im-
age receptor, but the digital panels are expected to
increase in use and dominate the market as the tech-
nology improves.

When Do X Rays Exist?

X rays are produced by the rapid deceleration of
high velocity electrons (Fig. 16). Thisisachievedin
the x-ray tube by accelerating electrons in a vacuum
across avery high voltage and then abruptly stopping
them in a heavy metal tungsten target. X rays are
present only when the switch that controls the high
voltage is engaged by the operator! This switch is
usually afoot pedal, but hand switches are also used.
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Fig. 16. Thex-ray tube and componentsrel ated to radiation saf ety and x-ray beam management.
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Fig. 17. Radiographicimageformation and patient absorbed dose.
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Figures18. Fluoroscopy canemploy animage-intensifier (upper drawing) or aflat-panel direct-digital imaging
device (lower drawing). Both systemsemploy radiationinasimilar manner.
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Itisrequired by regulation that the switch be continu-
ally pressed in order to maintain x-ray production. Once
the switch is released, the x rays are automatically
turned off and vanish from the environment. The switch
is sometimes called a “dead man” switch because if
the operator releases the switch for any reason, even
if the operator dies, x-ray production ceases. Circum-
venting the operation of thisswitch, asfor example by
placing an object on it to keep it depressed without
human activation, isaviolation of regul ation and rep-
resentsaseriousdisregard for safety. Thegolden rule
of radiation management in fluoroscopy is to keep
the amount of beam on-time to the least practicable
for the procedure. Judicial use of the switch is a
most important aspect of sound radiation manage-
ment.

About Dose Rates and Dose

X-ray dose rate to the patient is greatest at the
skin where the x rays initialy enter the patient (Fig
17). Fluoroscopic dose rates at the skin may vary
from less than 10 mGy, /min up to and exceeding
500 mGy,/min. Therefore, a very long examination
involving 40 minutes of on-timefluoroscopy could re-
sult in a dose of less than 400 mGy, or more than
20000 mGy, (20 Gy,), depending on the operation of
the equipment. While a dose of 400 mGy, will pro-
duce no apparent effect, 20 Gy, can cause severe
skin effects that develop slowly and may take
months to heal, probably requiring surgery. Der-
mal atrophy may develop after several months and
become more severe after a year. Dermal necrosis
may slowly evolve over many months. Itistherefore
extremely important that physiciansknow how to mini-
mi ze radiation dosesto patientsin order to avoid short-
term (< 2 years) radiation injuries (e.g., burns) and
long-term (>2 years) harm (e.g., cancer).
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Fluoroscopic Control of Dose Rate

Although discretionary use of the off-on switch
isthe golden rule, minimizing radiation output while
the beamisonisalso animportant axiom. Understand-
ing how you as an operator of the fluoroscope can
control the rate of x-ray production is essential.

Output control: Tubecurrent (mA)

Electron flow in an x-ray tube is expressed in
milliamperes (mA) and is called the tube current
(Fig. 16). The tube current (mA) controls the rate at
which x rays are produced without changing other
properties of the beam. (Important point: do not con-
fuse the number of x raysthat are produced with the
number of x raysthat are actually used in the exami-
nation. Many x raysthat are produced are undesirable
because they only serve to increase dose to the pa-
tient without contributing to theimaging process. Elimi-
nating these unwanted x rays from the useful beam is
a major component of equipment design and is dis-
cussed later.) In general, higher tube currents propor-
tionately increase the x-ray intensity, lower currents
reduceit. Toillustrate the importance of tube current,
the common film-based radiograph is acquired with
tube currentsin the range of 100 to 800 mA. The du-
ration of the exposure is short, typically on the order
of 10 to 500 milliseconds. This resultsin avery high
doserateto the patient but for only avery brief period
of time. Fluoroscopy, on the other hand, is a long-
duration dynamic x-ray imaging process that must
be performed at reasonably low x-ray dose rates
to prevent the accumulation of excessive radiation
dose in the patient. Controlling tube current is only
one of the ways to manage dose rate under fluoros-

copy.

In the modern setting, the operator of the fluoro-
scope does not consciously manipulate the tube cur-
rent. Rather thisisdoneindirectly by changing fluoro-
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scopic settings that tell the machine to alter tube cur-
rent (as well as ahost of other factors). For purposes
of instruction it is essential that the operator under-
stand that tube current manipulation isa primary fac-
tor inthe control of image quality and radiation output.
The following discussions provide examples of how
tube current manipul ation can affect image quality and
radiation output. This is designed to help the reader
understand that tube current is just one factor that is
used to indirectly control image quality and radiation
output.

Conventional fluoroscopy

Originally, fluoroscopic units were very simple
devices, composed of an x-ray tube and afluorescent
screen. X rays were engaged continually while the
physician viewed avery dimimage on the screen. The
introduction of image intensifiers brightened theimage
considerably, but theimagewasvery small. Television
wasthen coupled to theimageintensifier to produce a
large bright image, but the spatial resolution was de-
graded by thetelevision system and the dynamicswere
restricted by television design. This system was used
for much of the last century and is called “conven-
tional” fluoroscopy. In this design, the average tube
current during thistype of operationissimply reduced
tovery low levels, on the order of afew mA, to main-
tain low radiation outpuit.

When viewing amotion pictureontelevisionorin
amovietheater, the perception of continuousmotionis
created by flashing thirty still-frame images on the
screen every second (25 images per second in Eu-
rope). In conventional fluoroscopy, each image on the
TV monitor represents 1/30th of a second. But be-
cause the x rays are continuously produced, each im-
ageisactually asmear of the action in the 1/30th of a
second interval (Fig. 19A). Due to the pulsating mo-
tion of blood vesselsand the vibrating motion of acath-
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eter wire, the image of the catheter wire in the vessel
during the 1/30th of a second interval can be signifi-
cantly smeared, or blurred. Conventional fluoroscopic
equipmentisdtill inuse, butitisrapidly becoming obso-
lete due to major advances in x-ray tube design and
digital imaging techniquesthat enhanceimage quality.
All or nearly all modern machines no longer employ
continuous fluoroscopy as the default method of op-
eration. Instead the“ continuous’ modeisactualy pro-
duced as 30 pulses per second.

Pulsed fluoroscopy

Pulsed fluoroscopy enhances image quality by
acquiring 30 images per second but each imageis ac-
quired with avery short pulse of x raysfollowed by an
interval during which no x rays are produced. For ex-
ample, if the pulses are only 1/100th of a second long
in each 1/30th of a second interval, then the motion
blur (or smearing) ismuch reduced and theimage reso-
lution for that frameis enhanced. Thisisillustrated in
Fig. 19B where 30 consecutive stop-action images of
a galoping horse are shown during a 1-second inter-
val. If each snapshot image of the galloping horsewere
flashed in front of usat 30 sequential images per sec-
ond, we would perceive the motion as continuous and
sharp.

To maintain image quality in 30-frame pulseim-
aging, the same number of x rays aswere used in the
1/30th second interval of conventional fluoroscopy must
be employed for each image. To compensate for the
fact that there are no x rays produced during the inter-
val between pulses, the tube current during the short
pulsein our example must be enhanced by afactor of
3.3. The average tube current, or average mA, does
not change, and so the dose rate to the patient does
not change. The result is improved image resolution
with no change in dose rate.
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A. Continuous fluoroscopy

Blurred appear ance of motion with continuous x-ray production because exposure time lasts
the full /30" of a second for each imageinterval

Images. e s ] e | ] e e ] | ] e | e | | e

30imagesin 1 second >

Xrays [

Continuous stream of x rays produces blurred imagesin each frame

B. Pulsed fluoroscopy, no dose reduction

Shar p appear ance of motion because each of 30 images per second is captured in a pulse
(snapshot) of 1/100" of a second; exposure isthe same asin A.

images || | |t | et o | | | e ] [ o [ || e ] o | o [ | ] et o | |
30imagesin 1 second >

Each x-ray pulse shown above has greater intensity than continuous mode, but lasts for only
1/100™ of a second; no x rays are emitted between pulses; dose to patient is same asthat in A.

Fig. 19. Schematic video display of a horse galloping left to right across a TV monitor. The principles of pulsed
fluoroscopy are evident if we imagine that the horseisthe opaquetip of acatheter that is threaded through a vessel.
In A (upper drawing), the movement appears as a blurred object moving left to right because with continuous
fluoroscopy there is no stop-action imaging. In B (lower drawing), a short pulsed fluoroscopic output captures 30
stop-action images per second and the video displays these sharp images in sequence to produce the sensation of
motion. Theresult isthe perception of motion with finer detail.
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A\. Pulsed fluoroscopy, dose reduction at 15 pulses per second

Shar p appear ance of motion captured at 15 images per second in pulsed mode. Dose per pulseis
same asin Fig.19B, but only half as many pulses ar e used, thus dose is reduced by 50% . The

tradeoff is a slightly choppy appear ance in motion

mages  [ot] [#] [m] [pe] [#] [ [ [m] [#] [=] [pe] [] [=] [oe] []

15imagesin 1 second

\ 4

B. Pulsed fluoroscopy, dose reduction at 7.5 pulses per second

Pulsed fluor oscopy at 7.5 images per second with only 25% the dose of that in Fig. 19A or 19B.

I mages IEI IEI IEI IEI

Average 7.5imagesin 1 second

v

C. Pulsed fluoroscopy, dose reduction at 3.75 pulses per second

Pulsed fluor oscopy at 3.75 images per second with only 12.5% the dose of that in Figs. 19A or 19B.

] &

X rays

Average 3.75 imagesin 1 second

v

Fig. 20. Dose savings from variable pulsed fluorascopy. In A, images are captured only 15 times each second.
Since only half as many images are acquired asin Fig. 19B, the patient dose is reduced by half! The tradeoff is
that the image sequence appears to have a choppy motion. In B, the image rate is again halved. This produces an
even choppier image motion, but the dose is again halved. In C, theimagerate is even less with parallel effect and
even more dose reduction.
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Note: Tube current (mA) for pulsed fluoroscopy
no longer hasthe same meaning asin continuousfluo-
roscopy because of the pulsed nature of the beam.
Tube current isoften quoted asthe mA during the pul se,
not the average mA. Since the length of the pulse can
vary, the relationship of pulsed tube current to dose
rate is not easily discerned. Pulsed tube currents can
therefore be unusually high and produce low doserates
dueto ashort pulseduration or produce high doserates
dueto along pulse duration. The actual doserate can
only be known if there is a dose rate monitor to mea-
sure the output directly.

Output control: Variable pulsed fluoros-
copy

Variable pulsed fluoroscopy isaselectablefea-
ture that many manufacturers now incorporate into
their systems to reduce patient dose or to enhance
image quality. In variable pulsed fluoroscopy, the op-
erator can select the number of pulses per second from
arange of options. Typical valuesfor equipment manu-
facturedinNorthAmericaare7.5, 15, 30, and 60 pulses
per second. Normally, dose rates with variable pulsed
systems are lower with lower pulserates. [ This, how-
ever, is not aways the case. See “warning” in next
section for details.] A further understanding of these
concepts is necessary to appreciate the opportunity
for improving image quality and reducing dose during
fluoroscopic procedures.

Dose savings from variable pulsed fluoroscopy

Dose savings can be achieved by reducing the
number of pulses per second (the “variable” fac-
tor). While 30 images per second may be necessary
to watch a ballerina move gracefully across the TV
monitor, that many images per second is usually un-
necessary to watch the advancement of an invasive
medical device, as, for example, a catheter along a
lumen. Usually about 15 images per second, or less,
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will capture the motion necessary for medical care
(Figs. 20A and 20B). Therefore, in variable pulsed
fluoroscopy only 15 or 7.5 pulses of x-rays per
second may be necessary to adequately capture
the clinical information. With each pulse a distinct
image is flashed on the screen. Low image rates
will yield a slightly choppy motion. Reducing the
pulse rate from 30 per second to 15 or 7.5 per second
theoretically reduces the dose by a factor of 2 to 4,
respectively. In practice, the dose savings are not al-
ways the same as the theoretical factor because the
pulseintensity or duration may beadditionally enhanced
to reduce “noise” or “snow” in the image. The dose
savingsare, however, usually very substantial. Reduc-
ing the number of pulses to less than 7.5 per second
(Fig. 20C) will further reduce dose rate, but the dy-
namic motion becomes very choppy. The least num-
ber of pulses necessary to properly perform the pro-
cedure should be used.

A warning

Different manufacturersimplement pulsed fluo-
roscopy in avariety of ways. While many manufac-
turers have “pulsed fluoroscopy”, not al manufactur-
ersimplement it with dose savings or image enhancing
methods. In some cases the dose rates may even
increase, rather than decrease, because the pulse in-
tensities and durations are adjusted to increase x-ray
output. Thismight be done to reduce image noise, for
instance. Prior to using any “ pulsed fluoroscopy” sys-
tem, itisimportant that the fluoroscopist verify through
independent testing how the pulsed modes function.
How the equipment manages dosefor each pulse mode
can and should be verified by amedical physicist.

Last-image hold

Most modern fluoroscopes have digital technol-
ogy inwhichthelast frameor last few summed frames
of the fluoroscopic image can be stored in memory
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and displayed for continual visualization after thebeam
isturned off (last-image hold). This feature can be
used to allow the physician timeto study the progress
of the procedure without using live fluoroscopy. Con-
siderable savings in dose to the patient and to per-
sonnel can be realized by prudent application of
last-image hold.

Output control: Tubepotential (kVp)

Theenergy of the x raysis controlled by the tube
voltage, which isabout 500 to 1000 times higher than
standard electrical outlet voltage. Theenergy of x rays
plays an essential role in patient dose rate and image
quality. The high voltage is expressed as kilovolt
peak (kVp) and usualy ranges from about 60 up to
about 125 kVp. The kVp affects both the penetration
and the intensity of the x rays. Higher kVp x rays
are more penetrating and more intense. Doses to
patients would increase at higher kVp except for
the fact that fluoroscopic tube currents at higher
kVp's can be markedly reduced due to the increased
penetrability. When the mA is appropriately reduced,
increasing the kVp results in reduced exposure rate
to the patient. But higher kVp’s aso reduce image
contrast. In general, high kvVp and low mA is em-
ployed to keep entrance skin dose rate at a mini-
mum, especially in large patients. The trade-off for
this reduced dose rate is reduced image quality.
Therefore, kVp depends on patient size and is a
compromise between image quality and patient dose
rate. ThekVpisusually controlled by the fluoroscope,
but the operator may have some specific control over
kVp (see commandment #2).

Output control: Filtration

Not all x raysarealike. Just asvisible whitelight
is composed of a spectrum of different energies of
photons that we perceive as different colors, so too
fluoroscopic x rays have awide spectrum of energies.
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The very low energies are detrimental to the pa-
tient because they contribute only to patient dose
with no imaging value. Filtration hardware removes
most of the very low energy x rays from the beam
before they exit the x-ray tube housing. Filtration of
an x-ray beam refers to the metal foils or plates that
cover the exit port of the x-ray tube (Fig. 16). Typical
filtrationis 3 mm of aluminum but most modern units
also employ copper or other types of metal filtration
(e.g., 0.2mm copper or more). On many modern units,
different filters are available so that the imaging pro-
cess and the dose rate control can be tailored to the
type of patient and the type of study or task. Copper
filtration removes dose-enhancing low-energy x rays
more effectively than aluminum filtration. To maintain
optimal contrast, these special heavily filtered fluoro-
scopes may also operate at lower tube potentials than
might otherwise be used (e.g., lessthan 70kVp). The
result isreduced x-ray exposure to the patient with no
lossin image contrast.

The one drawback of using copper or other metal
filtersisthat they also reduce the intensity of the de-
sired x rays. Thismeansthat higher tube currents must
be employed to produce anintensity that will penetrate
the filters adequately to result in auseful beam. Aver-
age currents of 10 to 30 mA are frequently employed
for thistype of filtration scheme. Specially engineered
X-ray tubes are built to sustain such currents for fluo-
roscopy. These types of currents would be unusual if
only 3-mm aluminum filterswere used. Differencesin
filtration among machines are examples of major indi-
vidual differencesthat can exist among fluoroscopes.
With some fluoroscopes, the operator can control the
set of filters used for a particular examination. This
monograph discussesthe general principlesand trade-
offsof variousfiltration schemes, but the specificson
how a particular machine should be operated must be
learned for each machine. Therefore, physicians must
know if their equipment has selectable filtration,
know how it is activated, and know when it is en-
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gaged. Not understanding these features might lead
to persistent application of excess radiation.

Automatic Dose Rate Controls

The image receptor converts x rays into an elec-
tronic image that can be displayed on avideo monitor.
The quality and brightness of theimage depend on the
quality of the receptor and on the quality of the un-
processed x-ray image that is presented to the recep-
tor. To maintain proper image quality, the operator can
control several features, such as real-time software
image processing and the field-of -view (magnification
mode). But many image quality operations are con-
trolled in real-time by the fluoroscopy system. These
operations are passive to the operator but markedly
affect radiation use. For example, for any modern sys-
tem with automatic brightness control (ABC), the
brightness of the x-ray image is adjusted in real-time
by the machine. The machine does this by measuring
the brightness of theimage and adjusting somefactors
up or down in real-time to keep that brightness at a
predefined level. The feedback circuit to achieve this
isillustratedin Fig. 18. Adjustment of thekVp and mA
are two of the parameters most frequently managed
automatically by the machine aspart of thisbrightness
control. Adjustments of the kVp and the mA of the x-
ray tube affect the contrast and brightness of an
image' as well as the dose rate to the patient. The
system that automatically adjustskVp and mA iscalled
the automatic dose-rate control (ADRC) and is part
of the automatic brightness control (ABC).

The brightness of the image depends on the un-
processed x-ray image that is presented to the recep-
tor. This, in turn, depends on how much tissue the x
rays had to penetrateto reach the receptor. The amount

of tissue traversed depends on the anatomical area
being imaged, the size of the patient and the orienta-
tion of the beam. The machine adjusts kVp and mA
automatically to produce asufficiently penetrating beam
that will result in adequate image quality and bright-
ness. Therefore, doserate to the patient depends mark-
edly on patient size, beam orientation and beam posi-
tion. The automatic adjustments of the kVp and mA
by the machine frequently go unnoticed by the physi-
cian.

In addition to image brightness, the ADRC may
also respond to other changesin the system, such asa
changein sour ce-to-image-receptor distance (SI D)
if the machine hasthis capability. The ABC might ad-
just other factorsto accommodate the changesin dose
rate and image brightness. For example, for image
intesified systems TV gain or the f-stop of the optics
might be adjusted. For your purposesit isimportant
that you know how use of the machine affects dose
rate and image quality. The intent is to produce
the necessary image quality at the lowest adequate
dose rate for the procedure.

Fluoroscopy Versus Fluorography

Therelatively low doserates used in fluoroscopy
produce an image quality that is substantially inferior
to that of conventional radiography. However, these
low dose rates are necessary to keep cumulated ra-
diation doseto patientsat reasonably safelevels. Fluo-
rography is the use of the fluoroscopic apparatus to
acquire and digitally record a series of higher quality
static images. Conventional filmimaging, called radi-
ography, may aso be used for acquisition, but this
method is essentially obsolete. The quality of digital
fluorographicimagesissimilar to radiographic images.

1The contrast and image brightness discussed here are due to changes in how the x rays interact in the patient. They are not
related to the contrast and brightness controls on the TV monitor. The controls on the TV monitor only affect the electrical
conditions inside the monitor and they must be properly adjusted prior to x-ray application.
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Dose rates from fluorography are typically about
10 to 60 times greater than those from fluoroscopy.
Therefore fluorography should be used only for short-
duration high-quality imaging.

Fluorographic modes include digital angiogra-
phy (DA), digital subtraction angiography (DSA)
and cineangiocar diography (also called cine fluo-
rography or just cine). The relative contributions
regarding radiation dose to the patient from fluoros-
copy versus fluorography depend on the application.
Therangeisfrom almost all fluoroscopy and no fluo-
rography in orthopedic procedures to approximately
30% from fluoroscopy and 70% from fluorography for
some complex neuro- and cardiac interventions. The
physician’s prudent use of fluorography is a ma-
jor component of radiation management, especially
for the patient. Physicians must not allow the su-
perior-quality images to lure them into the unnec-
essary application of these elevated-dose-rate tech-
niques.

For fluoroscopy and fluorography, the follow-
ing are the principal factors that control image
quality, radiation dose rate, and total radiation dose
to the patient and to personnel:

1. The size of the patient

2. Equipment dose rate and dose settings
3. Beam-on time and dwell time

4. Proximity of the x-ray tube to the patient

5. Proximity of the image receptor to the pa-
tient

6. Image magnification
7. Grid utilization

8. X-ray field collimation
9. Dose monitoring

10. Personnel mastery of radiation safety
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For each of these ten factors, akey point is sum-
marized later in this text. These key points comprise
ten commandmentsfor controlling risks. A summary
of these discussions can be found in Table 8.

An operator’s control panel of a mobile C-arm
fluoroscopy unit is shown in Fig. 21. Although other
control panelswill look quite different from this one,
this operator’s panel demonstrates some of the funda-
mental controlsfor managing radiation output and im-
age quality. Shown are displays/controlsfor tube cur-
rent, kVp, image magnification, collimation, beam-on
time, variable pulsed fluoroscopy, and dose rate con-
trol. Other controls and indicators are also present.

In the manual mode of operation, the operator
controls everything except item #1, the size of the pa-
tient. The kVp and mA are set at the controls indi-
cated in Fig. 21. In the automatic mode, the machine
assumes control of thetube current (mA) and kilovolt-
age (kVp). How the machine adjuststhe mA and kV p
will depend on several factors, including the
manufacturer’s choice of design and operator select-
ablecriteria. Thex-ray tubefiltration that isemployed
may or may not be selectable by the user. Other se-
lectable options may include different dose rate con-
trol modes and establishment of theinitial kVp (some-
times called the kVp “floor”). The control panel will
indicate changes in kVp and mA. Thus, the opera-
tor must understand how to set the operational con-
trols of the fluoroscope in order to maximize image
quality and reduce doses to the patient and per-
sonnel.

To help ensure proper function of the ADRC,
ABC, collimation, pulsed fluoroscopy, etc., it isessen-
tial that the machine be routinely checked by a medi-
cal physicist and serviced by qualified personnel.
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Fig. 21. A control panel.
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TEN COMMANDMENTS
FOR CONTROLLING
IMAGE QUALITY, DOSE, AND DOSE RATE

Commandment #1: Remember, dose rates are greater and dose accumulates
more rapidly as patient size increases and as tissue pen-
etration thickness increases.

#1. The Size of the Patient

Factors affecting dose rate

Fluoroscopic x rays do not readily penetrate
thick tissue masses! The dose rate to a large patient
can exceed that of athin patient by afactor of ten or
more! For example, less than 1% of radiation that
enters a 23-cm thick mediastinum or abdomen actu-
ally penetrates through the patient to form the image.
For a 28-cm thick anatomy this decreasesto lessthan
0.5%; but for a 15-cm thick patient, about 5% gets
through. Therefore, as the fluoroscopic beam is posi-
tioned over thicker or denser areas of a patient, the
transmission of x rays through the patient decreases
markedly. This reduced transmission decreases the
brightness and the quality of theimage. To maintain a
sufficiently bright and clear picture on themonitor itis
usually necessary to increase radiation output by ad-
justing the kVp and mA upwards. Since continually
manipulating the kVp and mA would be a distracting
and an unnecessary activity for the operator, the ma-
chine automatically increases tube current (mA) and
kilovoltage (kVp) throughthe ABC andthe ADRC, as
discussed previously. Increasing mA increases only
theintensity, not the penetrability of thex-rays. Thus,
increased MA maintains image quality but at the ex-
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pense of rapidly increased dose rate to the patient.
On the other hand, increasing kV p increases both the
penetrability and the intensity of x rays at the skin
entrance. Despite theincreased intensity with increas-
ing kVp, because the penetrability is also increased
the mA can be reduced considerably. Increased kVp
combined with appropriately reduced mA resultsin a
net decrease in entrance skin dose rate. The down
sideisthat increased kV p reducesimage quality. Nev-
ertheless, increased kV p isnecessary to appropriately
manage skin dose rate. Thus the machineis designed
to automatically adjust kV p and mA to maintain a sat-
isfactory compromise between image quality and skin
dose rate for the particular task.

Another very important factor playsaroleinin-
creasing skin dose rate to larger patients. Because of
their size or due to a steep beam angle, the patient’s
skin is often closer to the x-ray source. Dose rate rap-
idly increases asthe patient ismoved toward the x-ray
tube as explained in commandment # 4. Fig 22 illus-
trates how changing patient size and beam orientation
affects entrance skin dose rate. In Fig. A the entrance
dose rate to the skin of athin patient istypically 20 -
40 mGy, per minute of on-time. When the patient is
large and the beam isangled asin Fig. B theradiation
output increasesto the near maximum allowed by regu-
lation. This dose rate is further increased by the fact
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Fig. 22. How patient size and beam orientation affect absorbed doseto the patient. (Reproduced with

permissionfromreference 23.)

that the skin of thislarge patient is necessarily closer
to the source due to size and beam orientation. In the
case shown, the entrance doserateto theskinisnearly
250 mGy, per minute of on-time, anincrease of about
afactor of 10! Theinjury shownintheinset was asso-
ciated with thistype of beam angulation and isdiscribed
in the discussion of Fig. 10. Large patients must be
managed carefully to avoid an unnecessary accu-
mulation of dose.

Patient size is one important factor that has lead
to radiation-induced skin injuriesin patients (1, 3, 5).
Figs. 6 - 14 are cases of injuries in patients who un-
derwent fluoroscopy through thick body masses. Long
exposure times through the same thick section of
the patient can result in dangerous cumulated dose
levels. In some cases, severe injury has occurred in

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

-43-

less than 20 minutes of fluoroscopy time. This ap-
pears to result from physicians sometimes resort to
high-dose-rate modes of machine operation in large
patients because image quality in the normal modeis
poor. While the machine takes the control for adjust-
ing kVp and mA on a continuing basis, how it makes
the adjustments depends on how the operator setsthe
controls of the unit. These special modes boost the
normal output and can result in extremely rapid buildup
of doseto the patient. Knowing the operation of these
types of high-rate modes and understanding the
factors that lead to potentially dangerous dose
rates is essential to proper patient management.
Dose management factorsthat can reducerisksin large
patients are discussed in commandments 2 through 9.
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Other than controlling the beam orientation rela-
tive to the patient, which control s the thickness of tis-
sue mass that must be penetrated, there are at least
two other instances when it is possible to control the
amount of tissue that intercepts the direct beam. One
isthe well-known practice of draining ascites prior to
shunt placement in theliver of patientswith portal hy-
pertension. The other isacommon problem that faces
nearly every fluoroscopist —keeping armsand other
extraneous anatomy out of the beam. Arms, and es-
pecialy their bones, unnecessarily attenuate x raysand
increase the apparent thickness of the patient, which
causes the automatic dose rate control to drive to
higher levels. Several cases of severeinjuriesto arms
have been reported (Figs. 8, 14, 15). Inthethree cases
presented, the right arm was directly in thefield; and,
in the case of Fig. 8, was apparently resting on the
port of the x-ray tube. In the case of Fig.14 the arm
was not fully in the beam, but was partially blocking
theedge of thefield (see Fig. 15), resulting in increased
dose rates at the surface of the arm. This latter situa-
tionisamoredifficult circumstanceto control because
the arm might not be obvious in the fluoroscopic im-
age. Physicians must ensure that the arms of the pa-
tient are not inadvertently placed intheradiation field.
Ancillary staff should watch the patient and theimage
monitor and notify the physician if the armsdrift into
thefield. Thisrule appliesto both arms, regardless of
whether they are on the x-ray-tube side or the image-
receptor side of the beam.

Ancther organ that less commonly can be ma-
nipulated to be out of the direct beam is the female

breast. It isparticularly important that direct irradiation
of thefemale breast be avoided, if possible, in order to
control the risk for breast cancer in female patients.
Radiation-induced breast cancer isaknown risk when
fluoroscopy doses are high (refs. 30, 39 and Fig. 1).

Because the presence of unnecessary body mass
degrades image quality and increases dose rate to the
patient, keeping arms and any unnecessary body part
out of the beam isan essential aspect of radiation man-
agement.

Image quality in large patients

Image quality inlarge patientsisinevitably poorer
than that in thin patients. Thisis due to the increased
scatter radiation that degrades the image and reduces
perceptibility of detail. Additionally, kV p often must be
increased to improve penetrability of the beam at the
expense of image quality.

Patient size and dose ratesto personnel

Dose rates to personnel increase with larger pa-
tients because more radiation of a higher energy is
needed to penetrate through the patient and larger pa-
tients scatter a larger proportion of these x rays into
the room. The presence of unnecessary body partsin
the beam also increases scattered radiation. Further-
more, since image quality usually decreasesin larger
patients, procedurestend to takelonger, increasing ra-
diation on-time and dose to personnel.

Concise summary #1: Aspatient size (mass of irradiated tissue) increases, image quality decreases, patient
dose increases, and exposure rates to personnel increase.

Quiz #1:

What measures can be taken to reduce radiation dose and dose rate in large patients?
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the patient.

Commandment #2: Set the dose and dose rate controls for the best compromise
between image quality and radiation dose accumulation in

#2. Establishing Appropriate Dose and Dose-Rate Settings

Settings for fluor oscopy

Fluoroscopy unitstoday are highly sophisticated
and versatile machines. All modern units provide for
automatic management of certain operating param-
eters while other features are under the control of the
operator. How these featureswork is different for dif-
ferent models of equipment. An understanding of the
versatility designed into amachine' s dose management
controlsis essential if the operator isto appropriately
employ them. Properly setting these optionsis essen-
tial to minimizing dose and optimizing image quality.
Activation of thefluoroscope without appropriately set-
ting the machine’s dose rate management features is
likely to result in unnecessary dose to personnel as
well asto the patient. If there are questions on how to
use these controls, consult with arepresentative of the
company or amedical physicist before proceeding.

There are at |east four operational factorsfor the
fluoroscopy mode that must be considered to properly
manage radiation dose rates before stepping on the
pedal to produce x rays. These are:

1. Fluoroscopic pulserate
2. Beam filtration

3. Dose rate setting

4. kVpfloor
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For completeness, two other fluoroscopy settings,
manual and recorded fluoroscopy, will be briefly dis-
cussed.

Older generation machines have none of the above
optionswhile more modern machinesusually have sev-
eral. These features sometimes are not obviousto the
operator because manufactures might give special
names to the feature that do not reflect the dose rate
characteristics or they design the features into a soft-
ware package that requires somefacile computer navi-
gation. For many low dose-rate options, image quality
is noticeably poorer. However, a medical task does
not necessarily need superior quality. Physicians
should learn to use the image quality that is com-
patible for efficacious completion of their proce-
dures. Quality should never be so poor asto unneces-
sarily prolong aprocedure because of the difficulty of
visualizing detail; but alternatively quality should not
be excessive so asto unnecessarily deliver high doses
to the patient and personnel. Physicians must under-
stand the appropriate level of quality needed to strike
the proper balance with low dose rate options.

Fluoroscopic pulse rate

M ost modern machineshave optionsto adjust pulse
rate during fluoroscopy. Aspreviously discussed, lower
pulse rates result in a choppier motion but can greatly
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reduce the dose rate to the patient, and collaterally to
personnel. Use pulse rates that suit the task at hand.
For coarsework involving slowly moving objects, low
pulse rates of just a few pulses per second may be
satisfactory. For moderate motion, pulse rates of 7.5
per second are likely adequate. For coronary work in
adults, pulse rates of 15 frames per second are com-
monly employed with the 30-pul se-per-second mode
reserved for difficult situations. Pulse rates of 60 per
second are reserved for cardiac procedures in young
children where the rapidly beating heart places severe
demands on dynamic resolution. Fortunately, because
children are much smaller than adults the dose rates at
these pulse rates need not be high.

Use of variable pulse rates can be problematic
because manufacturers can manipulate the pulses by
increasing the pulsed tube current or the pulse dura-
tion. Therefore it is the responsibility of the operator
to understand how any particular machine changes
doserate aspulserateisadjusted. If the machine low-
ers dose rates in an appropriate manner with lower
pulse rates, the savings in radiation use can be very
substantial.

Beam filtration

M ost modern fluoroscopy unitsemploy someform
of heavy beam filtration, well in excess of regulatory
requirements, to tailor the x-ray spectrum for improved
skin-dose management. Some of these machines pro-
vide multiple filter options and automatically control
the filter used for a particular task. Other machines
require that the operator choose in advance which fil-
ter combination or combinations be used. Thisis usu-
ally asimple selection and might be called “level 17,
“level 2" and “level 3" dose modes. They might have
other names. Regardless of their moniker, the opera-
tor should understand these modes and the effectsthey
have on image quality. Set the system in the mode
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that provides the lowest dose rate with accept-
able image quality.

Dose rate setting

Many modern units permit the operator to adjust
dose rate with different automatic dose rate control
settings. Typically, the lowest dose rate setting pro-
vides an imagethat appears“noisy”, analogousto try-
ing to observe motion in arain storm (Fig. 23). Image
quality isimproved by increasing the doserate setting,
reducing thelevel of the noise (“rain”). For many pro-
cedures, or many portions of asingle procedure, these
low-dose-rate settings are perfectly adequate and
should be employed whenever possible.

Some machinesallow the operator to choosefrom
at least two types of dose rate options. For conve-
nience, we describe them as “high-level” options and
“non-high-level” options. For a high level option, a
special means of activation is required and a special
audible signal is necessary to indicate high-level en-
gagement. For this mode, dose rates can be enhanced
well beyond the standard regulatory levels (the stan-
dard regulatory limit isabout 90 mGy /min at acompli-
ance testing point that roughly simulates patient skin
entrance). Non-high-level modes can be engaged
with the usual foot or hand switch button and no spe-
cial audible toneisrequired. Dose ratesin this mode
must not exceed the standard regul atory limit, but they
aredlightly higher inthe higher dose-rate modethanin
the lower dose rate setting.

Fluoroscopic units with high-dose-rate capa-
bility (also known as high-dose level, high-dose
control, or high-level control options) can be op-
erated with high to extremely high levels of dose
rate to the patient. (This special fluoroscopy mode
must not be confused with record modes of operation.
For thismode, recording isoptional.) The commercial
name assigned to thismaode of operation variesamong
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Fig. 23. Fromleft to right the noi sein theseimagesincreases, simulating the effect of lower doseratesonimage
quality. Thefluoroscopist must decide on the best compromisein doserate and image noisewhen choosing a
dose-rate setting.

manufacturers. Even though entering this mode re-
quiresthat the method of engagement be different from
that of the normal mode, sometimes this is a subtle
difference, such as using a different foot pedal or de-
pressing adifferent switch. In this mode the machine
adjuststhe mA, kVp and possibly the pulse width up-
ward, resulting in fluoroscopic dose rates that exceed
conventional regulatory limits. A continuous audible
toneindicateswhen thismodeis engaged, but in many
circumstancesthistoneisinaudibleto the operator due
to other noises in the room. This can be a particu-
larly dangerous mode for units manufactured prior
to May 19, 1995. Machines built before this date may
operatewithout limitinthismode. The FDA hasplaced
restrictions on the maximum dose rate permitted in
this mode for machines manufactured after May 19,
1995. Regardless of date of manufacture, this high-
dose-rate mode should be used only briefly to per-
ceivedetail that cannot be discerned otherwise. While
it isrepetitious, it is worthwhile reiterating the tenet:
“always use the lowest dose-rate setting neces-
sary to efficaciously complete the procedure’.

The kVp floor

Some units provide for the capability of defining
aminimum kV p, below which the fluoroscopic mode
will not operate. Thisis called the kVp floor. In gen-
eral the machine will begin to operate at akVp close
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to the floor in order to keep contrast as high as pos-
sible. Only when the dose rates at the kVp floor ap-
proach the regulatory limit doesthe kVp increase. As
the kVp floor is increased, x-ray production and the
penetrability of the x rays increase while contrast de-
creases. For most fluoroscopy systems in use today,
the user does not have to define a kVp floor and the
automatic dose-rate control (ADRC) and automatic
brightness control (ABC) establish the kVp and mA
according to predefined methods. For those machines
that do have this option, proper selection iscritical to
proper dose management. In general, higher kVp'sare
required in larger patientsto keep the dose rates at an
acceptable level while maintaining adequate image
brightness. Typically, a higher kVp with low mA will
result in a lower dose rate than a lower kVp with a
high mA. Operating at too low akVp floor will result
in unnecessary dose to the patient and to personnel
(40). In general, in order to keep dose rates at levels
as low as reasonable, select the highest kVp consis-
tent with theimage quality necessary to appropriately
complete the procedure.

Systems under manual control

Manually controlled systemsarerarely used any-
more. Such units are outdated and probably should be
replaced. For completeness we offer this brief review
of their operation. For manually operated machines,
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the operator should establish a low tube current (~1
mA or less) and adjust the kV p upwards as needed to
obtain asufficiently bright image (SeeFig. 21). Higher
kVp'swill resultin lower image contrast. If theimage
does not contain sufficient contrast for the fluoroscopic
procedure, then the kVp should be lowered slightly
with appropriateincreasesin mA. Thisshould be con-
tinued until a satisfactory combination of image con-
trast and image brightnessis achieved.

Recorded fluoroscopy

The United States Food and Drug Administration
does not regulate fluoroscopic exposure rates when
dynamicimagingisrecorded. Theintent of thisruleis
to permit the physician to record and review high qual-
ity serial imaging, when necessary, to benefit the medi-
cal care of the patient. Thismodeisnot intended to be
used asafluoroscopy mode! I1n someinstances, fluo-
roscopic equipment has been outfitted with video tape
recorders or other image recording methods with the
explicit purpose of legally boosting dose rates beyond
theregulatory fluoroscopic limitswith no intent to use
the recording for medical purposes. Thisis aregula-
tory loopholethat permits physiciansto perform fluo-
roscopy at unnecessarily high dose rates (too high a
mA) but which providesgreatly improved image qual-
ity over conventional fluoroscopy. Thiscircumvention
constitutes abuse of the regulatory intent. Cumu-
lated exposures to patients and to personnel are ex-
cessive under these circumstances. If the fluoroscopic
system produces inferior image quality, it should be
serviced or replaced with better equipment that can
produce higher quality imaging at dose rateswithin the
regulatory standard. If higher dose rates are periodi-
cally necessary to view fine detail, a high dose rate
unit should be purchased and properly employed for
those procedures. However, the quality of many mod-
ern machinesisso good that high level control isprob-
ably unnecessary. Bypassing the regulatory limit
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by employing the indiscriminate use of recorded
fluor oscopy must be strictly forbidden.

Fluorographic imaging

Cineangiocardiography and the cine loop

In typical adult cine runs, the skin-dose rate to
the patient may be on the order of 5 mGy per second
to many tens of milligray per second. The actual rate
depends on the amount of tissue to be penetrated and
on the equipment setup. Some equipment allows for
capture of cine images (cineangiocardiography or
cine) at different selectable dose rates, or frame rates,
to accommodate different needs during a procedure.
If dose rate can be reduced for certain applications,
considerable savings in radiation usage will be real-
ized. Thisis done by adjusting the tube current, kVp
and exposure time per frame. Frequently, an interme-
diate dose rate mode is perfectly adequate for clinical
purposes and should be used in place of full-dose-rate
cine, especially for discardable runs.

Digital fluorography

Average dose rates from serial digital fluorogra-
phy, DA and DSA, aretypically much lessthan that of
cinefluorography, which reflectsthelower framerate
acquisition. However, doses per frame are usually
higher than that in cine, rendering a higher quality se-
guence of staticimages. Unlike conventional filmim-
aging, digital fluorography can beacquired usingawide
range of techniques [kV p, tube current and exposure
time (mAs)] and still produce adequate image quality.
Doses per frame of imaging from digital angiogra-
phy (DA) and digital subtraction angiography
(DSA) are on the order of 3 to 5 mGy; in atypical
adult run using good beam positioning. Since 1 to 6
frames per second aretypically acquired, theresulting
dose rates to the patient are about 200 to 1800 mGyy
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per minute. Techniques exceeding that necessary for
appropriate image quality result in unnecessary dose
to the patient. The physician should work with their
technol ogists and representatives of the manufacturer
to establish the appropriate techniques and dose set-
tings per frame of imaging.

M achine settings and doses to personnel

Doseratesto personnel inthe room depend mark-
edly on decisions by the operator regarding dose rate
management for the patient. If image quality is im-
proved by increasing the dose rate to the patient, the
dose rate to personnel in the room will also increase.

dose management.

Concise summary #2: Dose-management features of afluoroscopy unit are varied and depend on the design
of the equipment. A proficient understanding of these features is essential for proper

Quiz #2: Citeat |least two compromisesthat afluoroscopist must make when choosing an appro-
priate operating setting for dose management and image quality.
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Commandment #3:

Keep the beam-on time and the dose accumulation in a single area of the skin
to the lowest level commensurate with the benefits of the procedure

—The Golden Rulel

#3. Beam On-Time and Dwell Time

Fluor oscopic on-time

Control over beam-on time is almost always
the most important aspect of radiation management.
The Golden Ruleto minimizerisk from fluoroscopic
radiation is “keep the beam-on time to as low as
reasonably achievable”. Exposure time may be con-
trolled either by abutton on the control panel or by a
foot pedal. X raysare present only whilethe switchis
engaged. When disengaged, x rays vanish from the
room. Keeping fluoroscopic beam-on time and the
number of image acquisitions for an examination to a
minimum will prevent unnecessary radiation dosethe
patient, operator, and other personnel. In the past, ex-
cessive use of x rays during a single procedure was
controlled by the fact that the x ray tubes were not
capabl e of sustained operation. Today, technology has
created x-ray tubes that can endure extremely pro-
longed use. Thus, the restraining features in fluoros-
copy and fluorography have been essentially removed.
This places greater responsibility on the operator to
manage the radiation application appropriately by re-
stricting itsuse to only that which is essential.

It is essential to disengage fluoroscopic expo-
sure whenever the image on the monitor is not be-
ing used. Avoid long durations of continuous fluoros-
copy. Intermittently use the radiation to complete the
procedure. Avoid the temptation to keep the x-ray beam
on while studying the image. For foot pedals, prac-
tice tapping the x-ray control and then use the last-
image-hold to maintain a picture of theimage while
contemplating the procedure. Absentmindedly leav-

ing the x rays on while viewing other factors asso-
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ciated with the procedure, such as direct observa-
tion of the patient or communication with other
personnel in the room, must be strictly avoided.

Fluoroscopy timer

All fluoroscopic units have a timer (Fig. 21).
While fluoroscopy is on the timer remains silent for
five minutes and then gives off awarning tonethat is
silenced only after being reset. This cycleisthen re-
peated. The purpose of this timer is to help the phy-
sician keep track of fluoroscopic duration. The cu-
mulative fluoroscopy time should be reviewed as an
effective quality improvement tool. A logbook can be
maintained to record cumulative times. The reasons
for times exceeding the norm should be reviewed and
adjustments madein future procedureswhen indicated.

Beam dwell time

Avoid prolonged fluoroscopy time over the
same skin site! Even when procedures are prolonged
(e.g., more than 30 minutes) it still may be possibleto
reduce risk associated with skin dose by moving the
beam to adifferent orientation, thereby avoiding over
irradiation of asingle skin site. While this may not be
an optimal choice for efficiently completing a proce-
dure, it might be a worthwhile consideration in some
unusually prolonged procedures.
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Excessive on-time - truevignette #2

revoke fluoroscopic privileges.

The switch used to engage fluoroscopy requires a continuous pressure and it automatically disengages
when released. Thisis asafety feature that applies to hand controls as well asto foot controls. (The switchis
called a “dead-man” switch because it shuts down if the operator falls dead.) The intent of the dead-man
switchisto ensurethat x raysare applied only when needed by the physician (commandment #3). The authors
of thismanual were personally involved in one circumstance where a surgeon used a heavy object to keep the
foot switch continually engaged during his procedures. His excuse was that it was a distraction to have to
repeatedly engage the fluoroscope. Such behavior constitutes abuse of a safety device and is justification to

Fluorography on-time

Digital fluorography

Serial digital fluorography isamajor component
of many procedures. While used much less frequently
than fluoroscopy, dosesto the patient from serial fluo-
rography are substantial and can contribute more dose
to the patient than fluoroscopy in some procedures.
Typically, 1 — 6 frames per second are acquired and
theresulting doseratesto the average patient are about
200 — 1800 mGy; per minute. Using only the neces-
sary frames per second and terminating the run
promptly after the necessary information is acquired
can result in a substantial savings in dose to the pa-
tient. The temptation to acquire more images be-
cause of the ease at which they can be collected
must be strictly avoided.

Cine and the cine loop

Cineusesarecording medium (e.g., digital disk)
to capture movement dynamics. Thistechnique plays
an essential roleininterventional cardiology. Record-
ing the dynamic loop of the cardiac cycle permits re-
play for review. These high-quality recordings are
often captured using much higher dose rates than
used for fluoroscopy. Unless required for permanent
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documentation as part of the patient’s medical record,
these images are reviewed and then sometimes erased
when the next run is recorded. Although the ease of
digitally recording multiple runs hasincreased thevalue
of cine, the ease of activation also makes this feature
susceptibleto overuse. Cine must be selectively used
on alimited and intermittent basisto study the progress
of aprocedure. Sincethe dose savingsrealized by elimi-
nating unnecessary cine runs will be substantial, the
physician must make a conscious effort to avoid non-
essential runs.

Because of these high dose rates, al cine fluo-
rography must be used judiciously for only short imag-
ing sequences. In digital cine, image dynamics are
captured at rates of about 7, 15 or 30 frames per sec-
ondto resolve the temporal motion of the beating heart.
Entrance skin doses per image of cine are about 0.3 —
0.6 mGy,, rendering high dose rates on the order of
140 - 1100 mGy, per minute, but they can be higher,
depending on many factors such as patient size, mag-
nification, air gap, oblique imaging, etc. Poorly tuned
equipment or poor techniques also contribute to mark-
edly increased dose rates. A mere 2 seconds of run
time can result in a skin dose of 7 — 60 mGy,. If 30
runs occur during a procedure, this represents addi-
tional skin dose of 0.21 — 1.8 Gy,. If it is possible to
shorten the runs by 2 seconds, asubstantial savingsin
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skin doseisrealized. Attention to these detail sbecomes
critical ininterventional work when use of fluoroscopy
and cinefluorography over the same skin areamay be
prolonged. Five to ten minutes of cine at the higher
rateswill cause seriousskininjury. Lesstimeisneeded
if conditions boost rates to even higher levels. Over-
use of cine as a substitute for fluoroscopy resultsin
excessive doses to personnel and can cause seri-
ousinjury to the patient. The temptation to use cine
when fluoroscopy will do must be strictly avoided.

Aidstoreduce beam on-time

For specific proceduresin radiology, orthopedics,
pain management, and other specialties, there are nu-
merous techniques that can be applied to reduce the
need for fluoroscopy whileintroducing and positioning

invasivedevices. Someare as simple as applying mark-
ers on the skin of the patient or using a forceps or
other similar devicesto mark aposition. Forceps might
be used to move objects in the field while the x rays
are engaged. Still other devices use laser beams to
orient the position and help direct the introduction of
surgical toolsand devices. These guidancetechniques
and instruments can reduce the use of fluoroscopy by
significant amounts and we encourage their use when-
ever practicable.

Beam on-time and dosesto personnel

Managing beam-on time to the least practicable
also keeps dose to personnel at the least practicable.

Concise summary #3: Managing beam-on timeto the least practicablefor both fluoroscopy and fluorography
isthe“Golden Rule” for proper dose management.

Quiz #3:
an examination.

Citeseveral technological aidsthat can help the fluoroscopist reduce beam-on timefor
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X-ray tube.

Commandment #4. Keep the patient at maximum practicable distance from the

#4. Proximity of X-ray Tube to Patient

X rays originate and emanate from a small area
inside the x-ray tube. This area is about 1-mm wide
andiscalledthe“focal spot”. Asthe distancefromthe
focal spot increases, theintensity of x raysrapidly de-
creases. This is analogous to heat from a lighted
match. Theflame produces an extremely intense heat
in avery small area close to the match, but the heat
diminishesrapidly with distance. Thepotential for skin
injury isvery high if oneis near the flame but is re-
duced markedly as the distance from the flame isin-
creased. Similarly with x rays, as one increases the
distance between the patient’s skin surface and the
source of x rays, the x-ray intensity is reduced and
the potential for skin injury is decreased.

In proceduresinvolving lateral and oblique fluo-
roscopy (or isocentric fluoroscopy as used in special
cardiologic or neurologic procedures), the geometry
of the examination places an important limitation on
the maximum distance that the source can be main-
tained from the patient. For example, when viewing
the patient in alateral or an obligue position, the x-ray
source is usually much closer to the skin surface than
it would be for a anteroposterior or posteroanterior
views. As a result, in lateral and oblique orienta-
tions the entrance dose rates at the patient’s skin
can be much higher. Recent articles have reported
patients with severe skin burnsasaresult of too much
radiation dose in the oblique and near lateral orienta-
tions during cardiologic procedures (Figs 7, 9, 10, 12-
14; refs. 1, 5, 20, 23). Therefore, itisimportant in all
procedures to keep the patient’s skin surface at
maximum practicable distance from the x-ray
source.
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Some units have the capability to movethe x-ray
tube and the image receptor independently. The dis-
tance between the x-ray source and the image recep-
tor can vary between about 85 cm and 130 cm. How-
ever, when the distance from the x-ray source and the
image receptor becomes too great, the machine finds
it difficult to increase output to accommodate the dis-
tance. The kVp in this case may be driven too high
and image quality (i.e., contrast) degrades. If thisis
inadequate for the procedure, the physician must draw
an appropriate compromise between source-to-image
distance and image quality, while maintaining an ap-
propriate distance of the source from the patient. Typi-
cally, the source-to-image distance is maintained be-
tween 90 cm and 110 cm.

Sometimes, increasesin SSD to reduce doserate
result inincreasesin kVp and/or mA that enhance ra-
diation output. In these cases the dose reduction
through increased SSD should outpace the elevation
in dose rate caused by changes in kVp and mA, re-
sulting in a net decrease in skin dose rate (see ques-
tion #4 for further details).

The separator cone (or spacer device)

The United States Food and Drug Administration
(FDA) requires that fluoroscopic x-ray machines be
designed so that the patient’s skin is at |east a speci-
fied fixed distance from the x-ray source. All fluoros-
copy machines are designed with the x-ray source
behind a device that forces a minimum separation of
the source from the skin of the patient. This minimum
source-to-skin distance depends on the type of fluoro-
scope and the date it was manufactured. In conven-

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays
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Fig. 24. Diagram of fluoroscopic system with separator device on and off. Fig. A depictsthe standard configu-
ration with the cone on. Fig. B isanonstandard configuration with the potential for much higher doserates at the port
of the x-ray tube housing. Use in this mode should be discouraged except in cases where the cone might become

detrimental to the procedure.

tional fluoroscopy, such as that used in gastrointesti-
nal work, the source is located under the table and at
a fixed distance from the patient. C-arm type units
have plastic cones or other devicesthat serve as spac-
ers to maintain a minimum separation (Figs. 3, 16 &
24). The purpose of this regulation is to prevent
the dangerous situation in which the intense beam
emerging from the x-ray source is too close to the
patient’s skin. For modern machines that are fixed
in aroom, a minimum distance of 38 cm between the
source and the end of the spacing device is required.
For mobile units this distance is 30 cm. However, for
some proceduresthisphysical constraint makesit dif-
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ficult to maneuver the C-arm around the patient. To
provide someflexibility, the FDA permits machinesto
be designed with removabl e spacers (Fig. 24). For di-
agnostic procedures the device is to remain attached
to the x-ray source. For special surgical procedures,
the device may be removed and the minimum distance
can be as short as 20 cm. This creates a potentially
dangerous situation and the physician should make
special efforts to maximize the distance of the x-
ray tube from the patient’s skin. No body parts
should ever be in contact with the port of the x-ray
tube during fluoroscopy or fluorography.
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Once special surgical procedures are completed,
the spacer device is to be reattached to the x-ray
source. However, too often these devicesare removed
and never reattached. The danger of the close source
can only be avoided if the physician is conscientious
about maximizing the distance between the x-ray tube
and the patient. Dose rates at short distances can
be extreme (greater than 0.5 Gy, per minute) and
the thresholds for epilation, erythema, and se-
vere injuries can be reached in a matter of min-
utes.

The fact that regulatory agencies place restric-
tions on the radiation output of fluoroscopes is com-
mon knowledge. However, this restriction is too fre-
guently misinterpreted. For example, therestriction that
the output of the common fluoroscope may not ex-
ceed 87.6 mGy,/minute at the compliancetesting point
(10 R/minute in the U.S.A.) does not mean that the
entrance skin dose to the patient cannot exceed 87.6
mGy,/minute. In fact, the entrance skin dose rate can
readily reach 200 — 250 mGy,/minute. This is due to
radiation that is scattered back to the skin surfacefrom
the tissues inside the patient and because the x-ray
source is often closer to the patient than the compli-
ance testing point. These two factors el evate the dose
rateto well beyond the compliancelimit. Thisisillus-

trated in Figure 22. Rates are even higher for high-
dose-rate modes and fluorography.

Thiscommandment isdesigned primarily for the
safety of the patient. It serves mostly to minimize
the concentration of x rays at the skin surface.

SSD and doseto per sonnel

When SSD isincreased, the amount of radiation
scattered into the room will depend on how collimation
and the distance between the x-ray source and the
image receptor (SID) change. If collimation remains
confined to the area of interest, scatter in the room
usually doesn’'t change much and might be reduced.

SSD and image quality

When maximizing source-to-skin distance, image
guality might change because the size of theimageis
reduced. Thischangeinimagesizeisdueto the change
in position of the patient relative to the x-ray tube and
image intensifier. Also, as distance isincreased, kVp
might increase, resulting in reduced image contrast.

Concise summary #4: Keeping the patient’s skin as far away from the x-ray source as practicable will mini-
mize dose rate to the skin. If collimation is confined to the area of interest, scatter in
the room either decreases or doesn’t change much. Image quality depends on image
sizewhichisdlightly reduced and on kV p which might be increased.

Quiz #4. For an x-ray source with distance adjustment independent of theimageintensifier, you
notice that the mA increases as you move the x-ray tube from 40 cm to 60 cm from the
patient’s skin (see diagram in the appendix). The collimators are fully open to theinput
area of the image intensifier. Why does the patient’s skin dose rate decrease and dose
rates to personnel not change much? (See Appendix for answer.)
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cable.

Commandment #5: Keep the image receptor as close to the patient as practi-

#5. Proximity of Image Receptor to Patient

To reduce radiation dose to the patient, the
image receptor should be as close to the patient as
practicable. For afluoroscopic system with fixed dis-
tance between the x-ray source and the image recep-
tor, entrance dose to the patient decreases either as
the patient ismoved closer to theimage receptor or as
the image receptor is moved closer to the patient.

If the x-ray source and the image receptor move
independently, then after the patient is positioned at
the appropriate table height, movetheimage receptor
as close as reasonable toward the patient. [Note: the
x-ray tube should, of course, beasfar away asisprac-
ticable.] When the image recptor is independently
moved closer to the patient, the production of x rays
decreases because of the shorter distance between it
and the x-ray source. Snce in this particular in-
stance the source-to-skin distance is not changed,
placing the image receptor as close to the patient
as practicable yields a lower dose rate to the skin
where the beam enters the patient.

Keeping the image receptor close to the pa-
tient minimizes the concentration of x rays at the
skin surface where the beam enters the patient.
Whether scatter in the room decreases depends on
how collimation and the distance between the source
and image receptor change. If collimation remains
confined to the area of interest, scatter intheroomis
reduced, otherwiseit doesn’t change much. One other
advantage for the operator may be that the image re-
ceptor acts as a shield when it is close to the patient
because it absorbs x rays scattered off the exit-beam
surface of the patient. When placing the image recep-
tor close to the patient, the size of the image is re-
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duced and image quality might change. Thischangein
image sizeisdueto reduced geometric magnification.

Neuroradiol ogic proceduresare usually performed
with an isocentric configuration (i.e., no matter how
the C-armsare oriented around the patient, the anatomy
of interest remainsin the center of theimage) and the
image receptor isintentionally separated from the pa-
tient. Cardiologic procedures might also employ aniso-
centric configuration. Theimage receptor may be sepa-
rated from the patient to accommodate difficult angu-
lation or to ease the maneuverability of the C-arm
around the patient. Some invasive procedures require
alarge gap between the patient and the image recep-
tor to provide an appropriate working space for the
invasivedevices. Thisistruefor many surgical proce-
duresand in pain management. If circumstances man-
date that fluoroscopy be done with alarge air gap of
more than 25 cm between the patient and the image
receptor, then the physician should consider removing
thegrid, if possible (seecommandment #7). Thisshould
reduce patient dose without loss of image quality be-
cause scatter radiation is not likely to interfere with
image contrast. Otherwise, particular attention must
be paid to other means by which to reduce dose rate
and cumulative dose to the patient.
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The Combined Importance of Com-
mandments4 & 5

Patient dose and position of fluor oscope

Figure 25 demonstrates how the positioning of the
C-arm can dramatically affect radiation dose to the
skin of the patient. Figures 25A to 25D depict differ-
encesin the proximity of the x-ray tubeto the patient’s
skin. In al cases the distance of the x-ray tube from
theimage intensifier is 110 cm and the kV p, tube cur-
rent, fluoroscopic time, and magnification mode of the
image intensifier are assumed to be unchanged. Only
the geometric magnification changes (see command-
ment #6). Figure 25 and Table 4 provide an example
of a prolonged TIPS (transjugular intrahepatic
portosystemic shunt) procedure to demonstrate how
the different geometries can have a tremendous ef-
fect on dose to the patient and on biological response.
There is more than a factor of five difference in dose
between the geometry of Fig. 25A and Fig. 25D. This
can easily mean the difference between no notice-
able skin reaction and a serious injury. Differences
in geometry of as little as a few centimeters can
have a major impact on dose to a patient’s skin.
For example, the difference in dose between a source-
to-patient distance of 70 cm and 65 cm is 0.8 Gy, (80
rad) for the TIPS example of Table 4.

Patient dose and physician height

Tall physicians may have no difficulty in main-
taining good geometry, asdepicted in Fig. 26A (noin-
vasive devices present) or 26B (invasive devices
present). Physicians who are “vertically challenged”
may find that a geometry more like Fig. 26C may be
necessary. Note that the table is lower to accommo-
date the physician’s height. However, when the table
islow, thefloor may prevent the physician from mov-
ing the tube appropriately away from the patient. At

one institution a platform was built to assist a “verti-
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cally challenged” physician. Although platforms can
reduce this disadvantage, we advise caution in their
use because they may create a hazard, resulting in
injury to personnel or even the patient. If the position
of theimageintensifier isindependently adjustable, the
physician can and should control doseto the patient by
moving it ascloseto the patient as possible. Figs. 26C
and 26D show how the doseis reduced by about 30%
simply by moving theimageintensifier 20 cm closer to
the patient, all other conditions remaining the same
(note: the mA will be adjusted by the ABC). If the
imageintensifier can be moved closer, the dosewould
be further reduced. If not, the physician might con-
sider removing thegrid, if thisoptionisavailable. Re-
moving thegridislikely to reduce the dose by another
30% or more. [In some machines, SID control might
provide adjustments to the ABC that maintains the
entrance exposure rate at alevel different than those
that don’t have SID control.]

Patient dose and invasive devices

During certain invasive procedures, placing the
imageintensifier closeto the patient would restrict the
physician’sworking area. Syringes, catheters, or other
devices may be protruding from the patient (e.g., from
the back at the spine). For reasons discussed in com-
mandment #10, the preferred orientation for protec-
tion of personnel isto keep theimageintensifier above
the patient and the x-ray tube below. An adequate dis-
tance between the patient and the image intensifier
(Fig. 25B) must be maintained to provide working space
for manipulation of invasive devices and to prevent
collisions when moving the C-arm. Since the image
intensifier and the x-ray tube arefixed in opposing ori-
entations, the constraints on theimage intensifier may
also place severe constraints on how far the x-ray tube
can be positioned from the patient. While not recom-
mended, the separator cone is sometimes removed
from the x-ray tubeto allow for freedom of movement
of the C-arm around the patient. For large patients,
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Fig. 25. Effectsof different fluoroscopic geometries on absorbed doseratesto the patient .
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B

o

“Vertically endowed” fluoroscopist

v

Fig. 26. The“vertically endowed” fluoroscopist hasthe advantage here. Fig 26A istheidea geometry, but may not
be practical either because of the fluoroscopist’s height or because the area fluoroscoped may haveinvasive devices
protruding from the patient. Geometry depicted in Fig 26B ismoretypical when agap isrequired between the patient
and the image intensifier. Fig. 26C shows the case of a“vertically challenged” fluoroscopist. Fig 26D shows that
keeping the image intensifier close to the patient can reduce some of the disadvantage in shorter physical height.

65 cm
45 cm
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Reference | Distanceof | Skin dose Skin doseto Potential Differencein dose
figure X-ray relative patient for delayed skin between reference
sourcefrom | toFig. A | prolonged TIPS reaction geometry and ideal
patient procedure geometry of A
Temporary
25A 80 cm 1.0 4.0 Gy, epilation 0.0 Gy,
Not Temporary
shown 70cm 13 5.2 Gy, epilation 1.2 Gy,
25B 65 cm 15 6.0 Gy; Erythema 2.0 Gy;
Atrophy,
25C 50 cm 2.6 10 Gy, telangiectasia 6.0 Gy,
25D 35cm 5.2 21 Gy, Necrosis 17 Gy,

Table 4. The effects of geometry on skin dose.

the port of the x-ray tube may actually comeinto con-
tact with the patient’s skin. Asdiscussed previously, if
the separator cone has been removed and the port is
closeto or in contact with the skin, the potential for a
injury is maximum. Extreme caution is advised and
this configuration should be diligently avoided!

The standard geometry used for fluoroscopy of
areas where invasive devices are inserted (Fig. 25B)
servesto increase dose rates to patients because com-

mandments 4 and 5 are difficult to implement. For
these procedures, particular attention must be given to
other measures to reduce doses to patients, such as
short exposure times and removal of the grid, if this
optionisavailable. Use of good collimation will ensure
that scatter does not degrade image quality (see com-
mandment #8).

Concise summary #5: Keeping the image receptor close to the patient minimizes entrance skin dose rate. If
collimation is confined to the areaof interest, scatter in theroom decreases. The effect
on image quality depends onimage size, which is reduced.

Quiz #5:

Why does keeping the image receptor closer to the patient decrease dose rate to the patient?
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Commandment #6: Don’t overuse geometric or electronic magnification.

#6. Image Magnification

While magnification of the image improves the
visibility of detail and is often useful and necessary
during fluoroscopy, it frequently results in increased
doserateto the patient. Magnification can be achieved
in two ways: electronically and geometrically. Elec-
tronic magnification controls the focus of the image
intensifier and isan option that the physician can choose
by pushing a button. In flat panel detectors electronic
magnification is achieved by software adjustment to
thedisplay matrix. Geometric magnificationisachieved
by changing the position of the patient relative to the
x-ray tube and image receptor. The advantages and
disadvantages of each are discussed below.

Electronic magnification (field-of-view
size)

Someimageintensifiershaveonly onefield size;
atypical sizeis 9-inch (23-cm) diameter. Others are
designed for multiplefield-size viewing (field-of-view
or magnification modes) and may include two, three,
or four modes of different imaging diameters. These
different field sizes are the electronic magnification
options of the fluoroscopic system. Magnification is
achieved by making the usable x-ray field smaller and
displaying thissmaller field over thefull viewing area
of themonitor. Some standard modes of operation from
greatest to least magnification are 4 inch (10 cm), 6
inch (15cm), 9inch (23 cm), and 12inch (30cm). The
fluoroscopic unit in Fig. 21 has three field sizes that
are selectable as “Normal”, “Magl”, and “Mag2"”.

The entrance dose rate is often related to the
magnification selected. The mode of least magnifi-
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cation (largest field) usually delivers the lowest dose
rate. How the dose rate to the skin of the patient
changes when magnification is employed depends on
how the system is designed by the manufacturer. For
some designs, the dose rate does not change. More
frequently, it increases. Thisincrease may be as much
as a factor of two or more for each magnification in-
crement. A medical physicist should be consulted if
there is a question on how the system works.

In the United States the maximum dose rate for
fluoroscopy must not exceed the maximum permitted
by regulation, regardless of the magnification mode of
the image intensifier. For the most part, this means
that the maximum rate may not exceed 87.6 mGy,/
min at the compliancetesting point (note: thisisabout
120 mGy¢/min). There are other regulatory limits for
some machines.

If the manufacturer has designed the system to
maintain the same entrance dose rate, regardiess of
€l ectronic magnification mode, then the physician can
operate in the magnification mode of choice. How-
ever, typical systemswill increase dose as magnifica-
tion increases. For these types of systems the opera-
tor must be aware of some important dose-manage-
ment concerns. If a physician is not certain how the
fluoroscope works, then thefollowing principle should
be heeded: To optimize overall radiation manage-
ment, use the least magnification consistent with
the goals of the procedure and reduce the irradi-
ated volume of the patient by employing collima-
tion (commandment # 8).
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When el ectronic magnification isemployed, dose
ratesto personnel inthe room might increase, but could
decrease or not change much. What happens depends
on how collimation, kVp, and tube current respond to
the change in electronic magnification. If collimated
field area is unchanged, dose rates in the room still
usually go up because kV p and tube current usually go

up.

Geometric magnification

Geometric magnification isachieved by increas-
ing the distance between the patient and the image
intensifier or by decreasing the distance between the
x-ray tube and the patient. Thisisachieved by moving
either the patient or the machine. Increasing the dis-
tance of the image intensifier from the patient is con-
trary to commandment #5(keep the image intensifier
as close to the patient as possible). Decreasing the
distance of thex-ray tubeisin opposition to command-
ment #4 (keep the patient at maximal practicable dis-
tance from the x-ray tube). However, geometric mag-

nification has some advantagesfrom aprocedural point
of view. Examples include those using an isocentric
configuration or those that require fluoroscopy of the
areawhereinvasive devicesareintroduced. Two things
are of note regarding dose rates when using this tech-
nique. First, dose typically increases with the square
of geometric magnification. That is, if magnification
increases by afactor of two, dose rate increases by a
factor of four. Second, maximum dose rates in this
configuration may exceed the regulatory limit, re-
sulting in skin dose rates of more than ~120 mGy, /
min. Thisis because compliance dose rates are tested
only at apoint representing conditions of low geomet-
ric magnification (patient closest to theimage intensi-
fier asin Fig. 25A). When the patient is positioned for
geometric magnification, doserateto the patient’sskin
increases. Theincreasesin dose shownin Fig. 25 are
adirect result of the changesin geometric magnifica-
tion.

Doseratesto personnel intheroom might increase
with increased geometric magnification, but this de-
pends on how tube current, SID, and collimation are
adjusted with magnification.

Concise summary #6: Magnification almost always results in increased dose rate to the patient’s skin. The
least magnification consistent with the goals of the procedure should be used in con-
junction with collimation to manage radiation properly. Electronic magnification, rather
than geometric magnification, islesslikely to result in too high askin doserate. Image
quality under magnification fluoroscopy usually improves. Dose rates to personnel in
the room may increase or not change much as magnification increases.

Quiz #6: Many fluoroscopes adjust dose rate under electronic magnification according to the
square of the magnification factor. How does dose rate to the patient change as one
shifts from a 24-cm field of view (no magnification mode) to a 12-cm field of view
(magnification mode)? (See Appendix for answer.)
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Commandment #7: |If image quality is not compromised, remove the grid dur-
ing procedureson small patients or when the image intensi-
fier cannot be placed close to the patient.

#7. The Grid

A grid is a flat plate device that improves im-
age contrast by selectively shielding the image in-
tensifier from scattered x rays (Fig. 27). It is posi-
tioned in front of theimage receptor to improveimage
clarity, although this causes the radiation dose rate to
the patient, aswell as scatter to personnel, to increase.
Many Gl fluoroscopic units have an automatically re-
tractable grid that can be removed by the press of a
button during fluoroscopy. In some C-arm units, the
gridsare manually removable. Grids should not bere-
moved if not designed for that purpose. If the grid is
removed, the radiation dose rate to the patient de-
creases, sometimes by a factor of 2 or more. How-
ever, image contrast might be compromised (Fig. 27B).
(It is also very important that removable grids be
handled with great care to prevent nicks or dents that
could ruin their effectiveness. Grids are fragile and
costly devices.)
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Two circumstances in which it is advantageous
toremovethegridincludethefollowing:

1) Pediatric patientsor small adultsgeneratevery
little scatter. It may be possible to perform
fluoroscopy without the grid for these patients.

2) For proceduresthat employ alarge space be-
tween the patient and the image intensifier,
very little scatter reaches the image intensi-
fier (Fig. 27C). Good collimation further mini-
mizes the image-degrading effects of scatter.
Thegrid serveslittle purposeinthiscase. The
fluoroscopist should consider removingthegrid
if the image intensifier cannot be positioned
closer than about 25 cm to the patient. This
occurs, for example, in many pain manage-
ment procedures and during neuroangio-
graphicwork. Séderman et a. (41) have dem-
onstrated that removal of the grid during
neuroangiography reduces doseto the patient
by about 34%, with no noticeable affect on
image quality.
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Image
intensifier

Figure27. Thegrid and scatter. InA, the grid isin place and effectively stopsimage-degrading scatter radiation
(bent arrows) from reaching the image intensifier. (The remaining scatter goes into the room, but this scatter
does not affect theimage.) The grid permits most, but not all, of theimage-forming x raysto pass through to the
image intensifier (straight arrows). In B, the grid isremoved. Scattered x rays now reach the image intensifier,
reducing image contrast. Thisisusually unacceptable for medical tasks. With the grid removed, al imageforming
x rays enter theimage intensifier. In C, the air gap provides enough space so that the scattered x rays now pass
out of therange of theimage intensifier. This scatter no longer degradesimage quality. If such anair gap isused,
the grid serves no purpose and removing it permitsall theimage-forming x raysto be used. Removingthegridin
this case lowers dose rate to the patient without degrading the image quality.

Concise summary #7: A grid improves image quality by removing scatter radiation. The use of a grid in-
creases patient dose and doses to personnel in the room.

Quiz #7: Why isthe use of agrid moreimportant for fluoroscopy in adultsthanitisfor fluoros-
copy in infants? (See Appendix for answer.)
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Commandment #8. Always collimate down to the area of interest.

#38. X-Ray Field Collimation

Collimators are x-ray blockers that are located
just outside the x-ray tube (see Figs. 3 and 16 ) and
are used to define an opening through which the x
rays can pass. The collimators’ blades can be manu-
ally adjusted to reduce or enlarge the area of the vis-
ibleimage, and thus reduce or enlarge the area of the
patient that is exposed. They are adjusted from the
operator’s control panel (Fig. 21). The shadows of
the collimators' blades should be minimally visibleon
the TV image when the blades are fully open. Using
the collimators to reduce the x-ray field to the ar-
eas of interest has the following advantages:

1) it reduces radiation detriment to the patient
by reducing the volume of tissue exposed;

2) its reduces the scattered radiation in the
room because less radiation is used;

3) it improves image quality by reducing scat-
ter in the image;

4) it can be helpful in managing skin dose to
the patient because there will be less likelihood of
overlap of entrance beam areas when the x-ray
system is rotated to a slightly different beam angle.

As the collimators open to expose a larger area
of the patient, moreimage-degrading scatter radiation
isproduced (Fig 28). Collimating down to the area of
interest reduces scatter radiation and this improves
image quality. Reducing thefield-size by collimation
also reduces the risk to the patient because the carci-
nogenic risks are proportional to the volume of tissue
exposed. Controlsto adjust the collimatorsare shown
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in Fig. 21. (Note: Sometimes closing the collimators
too much will result in an overly bright image, unusu-
aly high tube current (mA), or other unusual effects.
This occurs because the blades block part of the area
used by the ABC to control brightness. Just open the
collimators dightly and theimage should return to nor-
mal.)

Collimation does not reduce entrance doserate
to the skin of the patient. While collimation reduces
the area of the exposed skin, the absorbed dose
rate to the skin that remains exposed is likely to
increase. This is due to the fact that the automatic
brightness control respondsto all radiation striking the
image receptor. Since collimation reduces scatter ra-
diation, the scatter that would otherwise strike the re-
ceptor isreduced. The ABC then responds to this de-
crease by increasing output.

One of the biggest problemsinimplementing col-
limation isthat, for many x-ray units, the x rays must
be on so that the operator can watch the blades move
to the desired positions. Some manufacturers provide
a software preview of collimator adjustment that re-
guires no engagement of X raysto position the blades.
The area defined by the blades appears as a computer
simulated rectangle overlying thelast image hold. This
feature has proven very useful in reducing unneces-
sary fluoroscopy time and in improving the utility of
the collimators.

Radiation doseto personnel intheroom s caused
by scattered radiation. The volume of tissue irradi-
ated strongly influences the amount of scatter that is
generated. ThisisdemonstratedinFig. 28. If thefield
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A B

Figure 28. The effects of collimation areillustrated in Figs. A and B for viewing the lumbar spine (a human spine
imbedded in aplastic manikinisused for demonstration.) In Fig. A thefield-of-view isabout four timeslarger thanin
Fig. B. Irradiationin Fig. A exposesfour times more patient tissue than in B, and therefore putsfour times moretissue
at risk for radiation-induced effects. Scatter radiation to personnel inthe room isalso four times greater. Collimation
in B reducesrisk to the patient, to personnel, and improvesimage quality by reducing scatter in the image.

dimensions are increased by afactor of 2 by opening rates also reduce risks to personnel, especially to the
the collimators, then the volume of exposed tissuein- physician’shands.
creases by a factor of about 4. Thus the dose to per-
sonnel in the room also increases by a factor of 4. 2. Lateral fluoroscopy of the spine with the pa-
Large reductions in dose rate to personnel in the tient prone on the table is a common projection em-
room can be realized if the radiation field is manu- ployed in some procedures, such as in pain manage-
ally collimated to the area of interest. ment. In this orientation the part of the laterally pro-
jecting x-ray field that is above the back of the patient
Practical applications: is unattenuated and strikes the image intensifier with
itsfull intensity. Thisproducesan intensely bright area
1. For some invasive procedures a large air gap intheimagejust abovethe spine. The operator should
between the patient and the image intensifier is used rotate the collimators so that the blades are parallel to
to accommodateinvasive devices. Thisair gap greatly the surface of the back. With this orientation, clos-
reduces the image-degrading effects of scatter. Colli- ing down the collimators to block the unattenu-
mating to the area of interest further reduces scatter. ated beam is an effective way to improve image
This can render the functionality of the grid superflu- quality and reduce risks to the hands if manipula-
ous. If thegridisremovable, removing it will resultin tion of interventional devices is required.

alower dose rate to the patient and there is not likely
to beany significant lossinimage quality. Lower dose
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3. Cataracts are a potential risk for patients un-
dergoing high-dose interventional procedures in the
head. The threshold for radiation-induced cataract is
about one Gray. For interventional procedures, such
doses to the side of the head are relatively common.
The primary source of radiation exposureto eyesorigi-
natesfrom direct exposurefromthelateral x-ray beam.
The physician can reduce such exposure by shield-
ing the eyes on the lateral side. This is most easily
achieved by using collimation. The collimator must

be closed down to shield a large portion of the orbit
that is closest to the x-ray tube. (The frontal view
should be performed with the x-ray tube posterior
to the head and the image intensifier anterior. This
ensures that the eyes receive only the much reduced
exit-beam dose and not the much higher entrance dose.
If performed with the x-ray tube anterior, the po-
tential for cataractogenic doses is greatly in-
creased.)

Concise summary #8: Applying collimationimprovesimage quality by reducing scatter, lessenstheradiation
burden to the patient by reducing the volume of tissue exposed, and reduces dose to
personnel in the room by reducing scatter.

Quiz #8:

After applying collimation you notice that the tube current increases. Isthisnormal and
what should be done about it?
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Commandment #9: Monitor radiation utilization and maintain a quality control
program to assure radiation is managed properly.

#9. Monitor Dose to Patients

Monitoring the amount of radiation that isused to
complete procedures is an important exercise to help
ensure that radiation is being used efficaciously. Asa
quality control measure fluoroscopy use should bere-
viewed periodically. Unusually high-use procedures
should be reviewed to ascertain the reasons for the
unusual eventsand to decide whether or not modifica-
tions to procedures are warranted. As a patient man-
agement tool, dose monitoring will help physiciansin
their decisions about the progression of a procedure
when doses become very high. There are four impor-
tant parameters used to monitor radiation use:

o fluoroscopy beam on-time
e dose area product
e cumulative air kermaat afixed reference point

e cumulative peak dose at asitein the skin

Fluoroscopy on-time is an easy and useful pa-
rameter to monitor for procedures that typically em-
ploy lessthan 20 minutes of fluoroscopy on-time. Be-
cause of the short duration of use, the radiation dose
delivered to the skin during routine diagnostic fluoros-
copy ishot usually measured. I nstead, the general prac-
ticeisto have the equipment periodically tested to en-
sure compliance with standards of performance. Other
than this, the physician controls the application of ra-
diation and should have sufficient training to keep the
useto aminimum. However, the physician should keep
track of fluoroscopic on-timeasaquality control mea-
sure. For example, diagnostic barium contrast studies
of the alimentary canal typically require about 2 — 3
minutesof fluoroscopy time. Individual proceduresthat
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use more than twice that should be reviewed for ap-
propriateness. If the average timeis 5 — 6 minutes, a
review should beinitiated to ascertain whether or not
this is acceptable and actions taken to address any
problemsthat are disclosed. For most routine diagnos-
tic studies, this should be sufficient to assure safety.

Fluoroscopy on-time does not monitor radiation
use from fluorography nor doesit monitor how effec-
tively aphysician uses collimation. Dose-area product
(DAP) does both of these and therefore is a more
effective quality control measure. DAPistheair kerma
multiplied by thefield area. M ost modern fluoroscopy
units have a dose-area product meter. In some coun-
tries, it iscommon to record the dose-area product for
fluoroscopic procedures. Use of DAP meters is in-
creasing in the United States. The real-time monitor-
ing of this quantity might be useful because it fosters
good radiation management habits. Thisquantity ismini-
mized by reducing the dose and dose rate to the pa-
tient as well as by reducing the field size, which en-
courages good collimation. Comparing the cumulative
DAP results of one physician’s studies to those of a
physician who performs similar studiesis also useful
inidentifying deficient radiation management habits.

For some procedures, e.g., complex interven-
tional work, very high doses of x rays to the pa-
tient might be required. In these cases, measure-
ment of the absorbed dose to the skin is neces-
sary to assure that it is at an acceptably low level
for the procedure. The United States Food and Drug
Administration has recommended that this be moni-
tored for patients whose skin dose might exceed 1 Gy,
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(100rad) or at alevel that thefacility decidesisappro-
priate for patient care (27). Many devices are avail-
ableto monitor doses without interfering in the proper
completion of the procedure. The most effective real-
time readout devices are computerized dose monitors
that keep track of the dose distribution throughout the
skin. Unfortunately very few systems are equipped
with such adose mapping device. However, most mod-
ern new isocentric unitsused for fluoroscopically guided
interventions provide a cumulative monitor of the air
kerma (air dose) at a point 15-cm from the isocenter
and toward the x-ray tube. Thislocation is known as
theinterventional referencepoint (IRP, Fig. 29). Moni-
toring dose to this point is not as accurate as the skin
dose mapping monitor. Thisisbecause cumulative dose
at the IRP does not account for changes in skin dose
that result from changes in beam positioning, differ-
ences between patient skin location and the IRP, or

collimation. The diagram of Figure 29 demonstrates a
few of these points. Nevertheless use of this cumula-
tive dose to monitor radiation risk to the patient can be
very beneficial becauseit forewarnsaphysician when
cumulative doses arereaching levelsof concern. Some
considerationson use are given in Table 5.

On older equipment that has not been equipped
with areal-time dose monitor, other options are avail-
able. One company offers an add-on computerized
dose monitoring system that monitors cumulative dose
at areference point much like the dose at the IRP. It
must be installed by the company.

A self processing film-like monitor isvery easy to
use and measures in real-time the peak skin doseto a
patient. An exampleisprovidedin Figure 30. The*film”
is simply placed on the fluoroscopy table under the

B

| socenter

Fig. 29. The IRP istheinterventional reference point which isfixed at 15 cm from isocenter in the direction of the
X-ray tube, regardless of beam orientation. Sometimes the IRPis at the skin surface asin A. In other orientations it
might beinsidethe patient, asin B. With still other orientations and patient sizes, it might outside the patient.

Licensed to:

St. Joseph Medical Center
7601 Osler Drive
Townson, MD 21204

-69-

©2004 by Partners in Radiation Management. All rights reserved.
Not to be reproduced without written permission of the authors.



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

Table 5. Examples of use of air kerma at IRP in dose management for the patient

Air kerma
at theIRP Action
(Gya)
5 Advise physician that IRP air kerma is 2 Gy, so that he/she can assess the
benefit/risk pace of the procedure.
Advise physician that IRP air kermais 4 Gy, and that the threshold for
4 erythema might have been reached, depending on how the beam is oriented
and how often it has been rotated. Consider moving the projected view to a
different skin site.
Advise physician that IRP air kermais 6 Gy, and that the threshold for
6 moderate to severe skin effects might have been reached, depending on
how the beam is oriented and how often it has been rotated. Consider
moving the projected view to a different skin site.
Advise physician that IRP air kermais 8 Gy, and that beyond this point
8 there is a potential for severe skin effects, depending on how the beam is
oriented and how often it has been rotated. Benefit-risk depends on how
critical the patient’s condition is.

Table  Film

Fig. 30. Use of special dosimetry “film” to monitor skin dosein patients. The example shown is a biplane proce-
dure. Thefilmis placed flat on the table at the level where the beam will enter the patient. We find it helpful to
place the film inside an envelope or plastic bag to protect it from fluids. The film self-develops as x rays strike it.
Theinset shows the result of such an examination. Note the different shapes of the fields, demonstrating changes
in collimation and beam angle during the procedure. Note also the different darknesslevels, indicating differences
in skin dose with different locations. Thefield on the left was off the edge of the film, but it still provides useful
data.

Licensed to: . _70_ ©2004 by Partners in Radiation Management. All rights reserved.
St. Joseph Medical Center Not to be reproduced without written permission of the authors.

7601 Osler Drive
Townson, MD 21204



Wagner & Archer - Minimizing Risksfrom Fluoroscopic X Rays

patient where the beam will be directed and it turns
darker asdoseincreases (International Specialty Prod-
ucts, New Jersey). The “film” is not visible in the x-
ray image. If aprocedure becomesunusually extended,
the“film” can be removed to seeif the doseisreach-
ing critical levels. If necessary, the degree of film dark-
ening can be compared to a pre-exposed calibration
film to assess the actual skin dosein Gray.

In specia circumstances a DAP meter can be
used to assist in skin-dose evaluation, but thisrequires
some specia considerations (see Fig.4).

Use of any one of these devicesis likely to re-
guire some assistance by aknowledgeableindividual,
such as a medical physicist. Some will require more
assistance than others.

Dose monitoring for pregnant patients

Sometimes, it is necessary to perform a fluoro-
scopic examination on a pregnant patient. In these
unusual circumstances it is helpful to monitor how
much radiation the conceptus of the patient receives.
Todo so somefacilitiesset asideagroup of radiation
“badges’ for this and other purposes. Placing badges

posteriorly and anteriorly on the patient at thelevel of
the uterusis an effective way to monitor the radiation
delivery. The monitors can be sent to the vendor’slabo-
ratory for emergency readout and the results obtained
in about aweek. Real-time personnel monitors might
also be used for this purpose, but care must be exer-
cised in their use. Some of these devices are specifi-
cally designed for very low dose rate use and will not
read correctly if they are placed in the direct beam.

When to monitor

In addition to monitoring fluoroscopic on-time, we
recommend that physicians consider radiation dose
monitoring asfollows:

+ for any procedure that may utilize more than
20 minutes of fluoroscopy;

+ for any procedurethat potentially involves ir-
radiation of the torso of a pregnant patient;

¢ periodically to assure that radiation doses are
within acceptable norms;

+ fortraining purposes.

Concise summary #9: Radiation delivery to the patient may be monitored in a variety of ways. Select a
method compatible with the manner in which radiation isused, maintain aquality con-
trol program to review unusua events. Modify procedures as necessary.

Quiz #9:

Cite at least three ways to monitor radiation dose to patients and discuss their rel-
evance with regard to patient care. (See Appendix for answers.)
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Commandment #10: Commensurate with their duties, be sure personnel have
mastered radiation safety and management.

#10. Mastery of Radiation Safety

While the principal source of radiation for the
patient is the x-ray tube, the principal source for the
operator and other personnel is scatter from the pa-
tient. A secondary source is the leakage of some x
rays through the shielding of the x-ray tube. Leakage
isusually much less of aconcern than scatter fromthe
patient.

As soon as the x-ray switch or pedal is disen-
gaged, x rays cease to exist in the room and the pa-
tient is no longer a source of scatter radiation. The
operator hasfull control over x-ray production. While
the x rays are on, the most important means by which
physicians can reduce dose to themsel ves and person-
nel isby using shielding and by properly positioning
personnel relative to the patient and the fluoroscopic
equipment. Monitoring radiation exposure to person-
nel provides the means to measure the effectiveness
of shielding and positioning.

Protective aprons

All personnel who are not positioned behind ara-
diation barrier must wear a protective apron during
procedures. We recommend that thisapron have shield-
ing characteristics equivalent to that of 0.5 mm of lead
which will shield the protected areas of the operator
from approximately 90% of the scattered radiation.
The lead equivalencies are usually printed on a tag
located on the apron. The apron should fit well, cover-
ing the torso from the shoulders to at least the mid-
thigh level and around the sides. The apron should fit
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snugly around the sides of the upper chest, especially
in women to ensure protection of the breasts. For C-
arm fluoroscopy, a wraparound apron can be effec-
tive in reducing exposure to the posterior. The back-
side of the apron should use lighter lead, at least 0.2-
mm equivalent. L ead aprons should be properly stored
on a hanger and handled with care because the pro-
tective lining can be damaged and this may compro-
mise their shielding characteristics. Aprons should be
checked at least annually for holes, cracks or other
formsof deterioration.

Radiation monitoring for personnel

Unless protected by aradiation barrier, personnel
who perform fluoroscopic procedures are usualy re-
quired to wear apersonal radiation-monitoring device,
typically abadge containing a stimulable luminescent
dosimeter. The purposeisto ensurethat radiation ex-
posureis properly managed. We recommend that per-
sonnel wear these monitors anteriorly on their collars
outside the lead apron to measure the dose to the un-
protected head and neck. If this dose is kept within
our guidelines, the dose under the apron will be very
low and very acceptable. If the monitor isworn under
the apron, doseto the head and neck will be unknown.
This is unacceptable. (See vignette #3.) Badge read-
ings should be reviewed by personnel with the radia-
tion safety officer. Table 6 provides our recommenda-
tions for actions associated with monthly readings on
collar badges. These recommendations are more con-
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Radiation mis-monitoring — true vignette #3

One of theauthorsreceived aninquiry from anindividual who wanted to know if 200 mSv, accumul ated
over 20 years of work in a cardiac catheterization laboratory, was a large amount of radiation. Upon further
discussion, it waslearned that thiswasthe dose reported on acardiol ogist’ s radiation badge. He only worethe
badge some of the time and it was usually worn under the lead apron (contrary to advice in commandment
#10). The true radiation exposure was therefore unknown, but could have been hundreds of times higher to
hisface and head. A sthe conversation continued, the author |earned that the middle-aged physician had brain
cancer. The ultimate question was whether the radiation exposure received over twenty years could have
caused the cancer.

While radiation has been weakly associated with cancers of the central nervous system (primarily in
children), there can be no definitive answer to the caller’s question. What is known is that there was poor
radiation management for twenty years. Had the physician been properly monitoring his radiation exposure,
he would have known the conditions of the working environment and corrective action could have been
initiated early on. Because of the unknown etiology, it cannot be asserted that thiswould have prevented the

cancer, but radiation as alikely agent would have been essentially eliminated.

Table 6. Recommended actions for monthly collar badge readings

Typical monthly reading in mSv
(mrem)

Recommended actions

<1.0 mSv (< 100 mrem)

No actions recommended, continue safe practices.

1.0 — 4.0 mSv (100 — 400 mrem)

Evaluate work habits to reduce dose if possible,
consider using extra shielding.

> 4.0 mSv (> 400 mrem)

Investigate causes, evaluate work habits, add
shielding and implement other dose reducing actions.

servative than regulatory limits and represent what
the authors feel are reasonably achievable goals.

Real-time monitors, that produce an audible sig-
nal to inform thewearer about el evated exposurerates,
are available. These devices warn physicians when
their working habits result in exposures that require
precautionary action. They also serve asan effective
training tool for beginners. Physicians who perform
two or more procedures aday may find them of con-
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siderable benefit for encouraging good working habits.

Using distance as a shield

The distribution of stray radiation in a procedure
room during lateral fluoroscopy isillustrated in Fig. 31
(42). Notethat the scatter is higher on the side where
the beam enters the patient. This same distribution of
scatter tendsto follow the x-ray system asit isrotated
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around the patient, i.e., the scatter is highest where
the beam enters and lowest on the opposite side.

Increasing the distance of personnel from sources
of radiation can markedly reduce their radiation dose.
The rule that relates distance with dose reduction is
known as the “inverse-square law”. This “law”
saysthat dose rate drops precipitously asdistancefrom
theradiation source (e.g., the patient) increases. Spe-
cifically, the doserate decreases by theinverse square
of the relative increase in distance. For example, the
rate at 2 metersis /4" that at 1 meter. At 3 meters
it's1/9" that at 1 meter. In Figure 31 therelative kerma
decreases from a value of 4.0 next to the patient on
the x-ray tube side to a value of 1.0 when distance
from the patient is doubled. Physicians should de-
velop a habit of taking one step back from the ir-
radiated area before they engage fluoroscopy. This
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Fig. 31. Distribution of stray radiation around a
laterally positioned fluoroscope. Relativeair kerma
levelsare shownfor 150 cm (~5') abovethefloor
or roughly at head level. Thedistancebar at the

bottom left representsa 0.5 m scale. (Reproduced
with permission from: Balter S. Stray radiationinthe
cardiac catheterization laboratory. In: Nickoloff EL, Strauss
KJ. Categorical Coursein Diagnostic Radiology Physics:
Cardiac Catheterization Imaging, Radiological Society of
NorthAmerica, 1998, 222-230.)
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will markedly reduce their overall exposure, particu-
larly that to their head, arms, hands, neck and legs.

L eaded eyewear, thyroid shields, and
upper body shields

Leaded eye wear and thyroid shields are rec-
ommended if monthly collar badge readings exceed 4
mSv (400 mrem). Whiletheir useisgenerally optional,
they are effective at al dose levels and will prevent
large lifetime accumul ations to the thyroid and eyes.
Protective eye wear may be the apparatus most likely
to berequired for regulatory compliancein ahigh-dose
environment. Recent evidence indicates that subtle
changesin the optical lens might be induced at doses
lower than originally thought. The effects of these
changesonvision are asyet unknown. Eye protection
should therefore be considered, especially by high-use
individuals. To be effective, eye wear must be
equipped with side shields to reduce dose from the
lateral direction. Leaded goggles will also serveasa
protective splash shield.

Upper body shields (Fig. 32) are transparent
shields that are usually suspended from the ceiling.
They protect the entire face, neck, part of the upper
torso and are designed to be easily accessible in the
fluoroscopic environment. Figure 3 demonstrates the
use of another form of ceiling-suspended shield
(McMahon Medical, Inc., San Diego, CA). Thisshield
is contoured so that it can be positioned around the
torso of a patient between the irradiated anatomy and
the operator. Thiseffectively stopsthe bulk of the scat-
tered x rays as they leave the patient. For mobile or
fixed room fluoroscopy, shoulder mounted face shields
will have the same protective value if they are avail-
able. Otherwisethe combination of protective eyewear
and athyroid shield may be used to protect the head
and neck.
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Mobile and lower body barriers

Flat panel mobile shields (Fig. 32) arevery effec-
tive whole- or partial-body shields. Usually they are
designed as stand-aloneroll-away shieldsor asshields
mounted at the side of the patient table. They must be
placed between personnel and the source of radiation,
i.e., the irradiated area of the patient and the x-ray
tube. They are recommended for the operator and all
ancillary personnel who must bein the room but who
are not performing patient-side work.

Figure 32. Variety of shields for protection
during fluoroscopy. Suspended from the ceilingisa
shield for the head and neck area. Thetall standup
shield is used for whole body protection and the
shorter shield protects the legs from radiation scat-

tered under the table from the patient.
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Physicians or assistants located at tableside may
accumul ate large radiation doses to their legs if they
spend long hours performing fluoroscopy. Thisis be-
cause the x-ray tube is usually below the table and
backscatter off the patient is most intense under the
table. Lower-extremity shields (Figs. 3 & 32) can be
used to shield the legs and feet of operators (see Fig.
3 for alower-extremity shield mounted at tableside).

Hand protection

We personally have observed dermal atrophy of
the forearm and hands in one physician and radiation
dermatitis in the hands of two other physicians who
performed fluoroscopy for several years. These ef-
fectsoccurred inthemid-1990’s. Radiation dermatitis
inphysicians handsisdemonstratedin Fig 2a.

General concern over radiation exposure has con-
vinced some physicians to wear special hand shields
or sterile x-ray attenuating surgical gloves. The
gloves are thin to provide tactility and they come in
sterile packaging. Hand shields are thicker protective
covers that do not interfere with finger movement.
However, physicians should be warned that such
devices are not likely to protect hands if placed
fully into the beam. When placed fully in the x-ray
field, gloves and shields add to the attenuation of the
beam. This reduces image brightness. On most fluo-
roscopes the automatic brightness control (ABC) de-
tectsthisand radiation output isincreased to penetrate
the “protective” gear. The net result is no significant
reduction in hand exposure and increased patient ex-
posure. The gloves themselves also tend to produce a
large amount of scatter radiation that isnot seeninthe
image but which does irradiate the hand. For these
reasons, physicians must not be lured into a false
sense of security and mistakenly rely on gloves as
their principal means of protection during fluoros-

copy.
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Protective hand gear can be relied on only to
protect against radiation outside the field of view
of the ABC. Some gloves reduce the scattered radia-
tion to the hands by about 35%, others by much less.
To protect hands during fluoroscopy, we recommend

thefollowing:

1. Keep hands out of the beam as much as
possible. If the image of your fingers or hands
appearson the monitor, they are being directly ex-
posed. Hands should be pulled back from the
imaged area and away from the image intensi-
fier unless physical control of invasive devices
is required for patient care during fluoroscopy.
Useremote handling devices when possible, such
asforcepsor other specially designed instruments.

2. Work on the exit-beam side of the pa-
tient whenever possible. For an adult abdomen,
exit radiation is only about 1% the intensity
of the entrance radiation. For vertical projec-
tionsthe x-ray tube should be bel ow thetable. For
oblique and lateral beams, it isbest to stand on the
side of the patient where the image intensifier is
located. If proper collimation isawaysemployed,
working on the exit-beam side near theimagein-
tensifier ensures that the exposure to your hands
isfrom exit radiation only. One simple way to as-
sure that the beam is properly confined within the
boundaries of the image receptor isto make sure

Figure 33. The ring badge for monitoring dose
to the hands. The white sensitive area is turned in-
ward on the hand to measure exposure from the
beam that is directed upward from beneath the pa-
tient.

the shadows of the edges of the collimator blades
arevisibleintheimage.

For some proceduresthelogistics of position-
ing the x-ray machine, sterile trays, and medical
personnel dictate that the physician must work on
the x-ray tube side of the patient. Extra care must

be exercised in this situation to ensure that hands

areonly rarely, if ever, exposed to the direct beam.
While the occasional exposure to the hands will
not result in any noticeable effect, repeated ex-
posures with this geometry can quickly elevate
dose to the hands beyond recommended limits.
[See practical application 2 under commandment
#8.]

Table 7. Recommended actions following monthly hand-dose monitoring.

M onthly ring dose

Action

Continue monitoring?

Dose sufficiently low to

Discontinue for now; repeat

<3 mSv . . L .
discontinue monitoring. in one year.

3 mSv - 10 mSv Efforts to reduce dose Yes.

(300 mrem - 1 rem) are recommended.

> 10 mSv (1 rem) Immediately adjust habits Yes.

to reduce dose.
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3. Wear a ring badge to measure your hand
exposure (see Fig. 33). This should be done
monthly for a period of several months. The ring
detects radiation only at the base of the finger.
Doseat thefingertips may be significantly higher.
Thering should be worn on the dominant hand on
the finger closest to the beam. Thisisusually the
middle or the index finger, but wearing it on the
ring finger might be more comfortable. The sensi-
tive badge area should be turned to face the on-
coming beam (see Fig. 33). Refer to Table 7 for
guidance on monitoring. These recommendations
are designed to assure that dose to the hands re-
mains within the commonly recommended maxi-
mum annual limit of 500 mSv. Ring dosimeterscan
be sterilized if necessary (contact the supplier for
recommended methods).

Equipment design safety features

Conventional Gl fluoroscopy

For fluoroscopy of the gastrointestinal tract, the
equipment isusually designed with the x-ray tube per-
manently mounted underneath a fixed table and the
imageintensifier positioned over the patient. Thesides
of thetable contain shielding and the unitsare equipped
with leaded drapes at the side of the image intensifier
that absorb radiation scattered at right anglesfrom the
patient. Theimageintensifier itself isshieldedto pro-
vide an extra measure of protection from X rays that
scatter inside the image intensifier. At the side of the
table and below the tabl etop, there is an open slot that
permitsfree movement of the cassettetray. A shielded
flap or hinged bar should cover thisslot during fluoros-
copy. This entire configuration is chosen in order
to optimize radiation protection to personnel in the
room.

Theleaded drapes are designed as separate strips
so that a physician can insert his or her hands to per-
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form a procedure without removing the drapes. The
physician should very rarely, if ever, fluoroscope with
handsin the beam. If the drapes are an impediment to
the proper completion of a procedure, then they can
be removed, but they must be replaced for usein other
procedures.

All personnel not immediately involved with
patient care, should step back a suitable distance
from the patient, wear lead aprons, or step behind
a radiation shield.

Remote control fluoroscopy

In some forms of remote control fluoroscopy the
x-ray tubeis positioned above the patient with the im-
age intensifier under the table. In this situation the
radiation reflected off the patient is at a high intensity
and it is not appropriate for physiciansto perform in-
room procedures with these machines unless some
extra special precautions are taken for the operator
and other personnel in the room. In genera, these
devices are designed for remote control use where
the operator and all assistants will position them-
selves in a shielded booth while remotely manipu-
lating the machine for acquisition of the images.
No protective aprons need bewornin thissetting. Fluo-
roscopy should never be performed in-room on a
remote control unit unless there is special consulta-
tion with the radiation safety office. [Radiation—in-
duced cataracts have been reported in individual swho
performed in-room fluoroscopy with these types of
machines without using special precautions (29).] As
always, it isrecommended that fluoroscopists and tech-
nologists wear radiation badges whenever x-ray-pro-
ducing devices are used.
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C-armfluoroscopy

In C-armfluoroscopy thereare no shielded drapes,
no shielded table, and the examinations are usually
performed in the room, not remotely. In these con-
figurations it is very important that the operator
pay attention to radiation management practices
specific to these devices.

With the C-arm oriented vertically, the x-ray
tube should be located beneath the patient and the
image intensifier above. This configuration makes
use of the patient as a shield to reduce radiation expo-
suresto personnel, especially to the physician’shands
if they arein the beam.

When using lateral and oblique projections,
radiation levels are least intense on the exit beam
side (image intensifier side) of the patient. Figure
3lillustrates how stray radiation levelsaredistributed
around alateral C-arm. For example, inthelateral ori-
entation scatter is frequently about four times greater
on the x-ray tube side than on the image intensifier
side. Thisratio may be more or less depending on the
size of the patient and section of the body irradiated.
Therefore, for the purposes of radiation protection,
standing on theimage intensifier side of the patient is
the best choice. (This assumes the x-ray tube is ap-
propriately aligned with theimageintensifier and that
collimationisproperly employed. Thisaignment of the
fluoroscope should be checked at least annually. Asa
simple real-time assurance of this requirement, the
edges of the collimators should be adjusted so that they
are seen on the monitor.)

If assistants to the procedure must be positioned
on the x-ray tube side, they should be provided with
extrashielding, such asamobilebarrier or head shield.
All individuals who are in the procedure room and
who are not behind a shielded barrier must wear a
radiation monitoring device (e.g., a radiation
“badge”) and a protective apron (we recommend
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an apron of 0.5 mm lead-equivalency). Personnel
not immediately involved in the procedure should posi-
tion themsel ves behind aradiation shield or maximize
their distance from the patient while wearing a lead

apron.

In many situations the physician is required to
work on the x-ray tube side. For example, cardiolo-
gists often stand next to a laterally projecting x-ray
tube located on the right side of the patient. The left
arm and | eft side of the cardiologist’s body are closest
to the irradiated area of the patient and can accumu-
late ahigh radiation exposure over time. If it isneces-
sary to stand on the x-ray tube side, physicians
and other assistants should wear lead aprons that
cover their exposed side. We also strongly recom-
mend ceiling suspended radiation shields to reduce
exposure to the head and neck (see vignette #2 and
Fig. 3). To best monitor radiation exposure, radiation
badges should be worn outside the apron on the left
side of the collar or attached to the left side of the
thyroid shield. Face shields, thyroid collars, and/or pro-
tective eye wear may also be of benefit. When the
tube is located obliquely on the physician side under
the table, alarge amount of radiation can be scattered
toward the legs. Stepping away from the patient dur-
ing fluoroscopy or using leg shields is recommended
for those fluoroscopists who perform numerous pro-
ceduresin this configuration. (Minor skin changesin
thelegs of some cardiologistsand radiol ogists, such as
hair lossand dlight increasesin pigmentation, have been
personally communicated to the authors.)

I nvasive devices and doses to patient and staff

Fluoroscopy with x-ray tube under table

Fluoroscopy at the area of the patient, where
medical devices areinserted, posesaparticularly dif-
ficult problem for radiation management. Thisisdem-
onstrated in Figs. 34A and 34B. Figure 34A, with the
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.1 Dose Units- Grid in
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Fig. 34. Comparison of under-table and overhead geometries. Although dose to the patient is lowest with the x-ray
tube above the patient asin B, doses to personnel are lowest with the x-ray tube below the patient asin A. Con-

figuration A isgenerally recommended.

X-ray tube under the patient, is the configuration pre-
ferred for the protection of personnel. In this configu-
ration the patient is a shield to the face and hands of
personnel, protecting them from the more intense x-
ray field that enters the patient. However, because a
large gap is required between the patient and the im-
ageintensifier, the entrance skin dose to the patient is
not ideally managed. Thisis because the x-ray source
is closer to the patient than in the ideal case and the
imageintensifier isaway from the patient. When pro-
cedures are unusually long or exposure rates unusu-
aly high, therisk for askininjury is higher than that
with ideal geometry. However, thegrid isunnecessary
becausethe function of the grid is effectively achieved
by the air gap. If the grid can be removed, this may
help mitigate patient dose without undo lossin image
quality, particularly if tight collimationisused.

Duetothelarge amount of scatter under thetable,
using leg shields or stepping away from the patient

during fluorascopy isrecommended for fluoroscopists
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who perform most of their work in this configuration.
Removal of the grid will also help prevent excessive
irradiation from under-table scatter by simply reduc-
ing the input dose rate to the patient.

Fluoroscopy with x-ray tube over table

Theconfigurationin Fig. 34B (tube over table) is
preferred by some because the physician can easily
create alarge working space between the patient and
the x-ray tube. Note that theimage intensifier isclose
tothe patient and the grid isin place. Whilethis geom-
etry hasthe potential advantage of minimizing the dose
to the skin of the patient, it isdecidedly more difficult
to manage exposure to personnel. The hands of per-
sonnel who attend the patient may be exposed to
the full intensity of the direct beam (see vignette
#1). This configuration also exposes the head of
the operator to the most intense scatter from the
patient. We have personally observed monthly expo-
sures to the face and hands of a few tens of mil-
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Radiation management upsidedown —truevignette#4

Upon reviewing reports of radiation badge monitoring for their facility, the Radiation Safety Officer
(RSO) noted that the film badge readings of several fluoroscopy staff were consistently high. However, the
pai n-management physician had minimal readings. This peculiar finding prompted an investigation.

The practitioner, it turnsout, never wore hisradiation badge (contrary to advice in commandment #10),
which explained hislow readings. When asked about his use of the fluoroscope, he proudly demonstrated that
he always kept the x-ray tube under the patient and as far away as possible. He also trained other physicians
to use this setup. Unfortunately, the physician had confused the image intensifier with the x-ray tube and, in
fact, had been keeping the x-ray tube above the patient and too close to the patient, al contrary to command-
ments# 4 and 5. A closelook at the physician’s hands reveal ed chaffing, discol oration and epilation, clear signs
of radiation dermatitisfrom inappropriate use.

When the RSO asked the physician and staff to demonstrate the use of the collimators, aseries of blank
stares ensued. No one knew that the unit even had a collimating system, contrary to commandment #8.

In addition to this, the RSO had noted that the low dose rate options on the unit had had their buttons
taped over in such away as to render them unusable, contrary to commandment #2.

Thisvignette demonstrates well that the use of the fluoroscope in unqualified hands can lead to health
consequences.

Radiation management that works—truevignette#5

A physician, who was involved in a heavy workload of pain management, was concerned about her
personal radiation-badge readings, which were about 10 — 20 mSv per month. The badge was worn at the
collar outside the lead apron and represented the dose to her head and neck. In order to improve radiation
management, her fluoroscopic habits were analyzed. The physician was orienting the fluoroscope correctly
with the source under the patient, but she was unaware that she could employ a lower dose rate mode (see
commandment #2). Upon reduction of the dose rate, the physician noted that the images were of a lesser
quality but were perfectly adequatefor patient care. In addition, the physician found that it was possibleto step
back from the patient before engaging fluoroscopy, without jeopardizing patient safety (commandment #10).
With these two changes the monthly radiation-badge readings dropped to 0.2 — 0.5 mSv/month. Her diligence
at wearing her radiation monitor caught the problem early in her career, saving her alifetime of high-dose
EXpOosures.
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liseverts (a few rems) for physicians who use this
geometry. Since this configuration may result in
unacceptably high exposures, it is not recommended
for routine use (see Vignette #4). Radiation-induced
cataracts have been reported in personnel who have
used this configuration (29). We only recommend its
usein special situations wherein it expedites the pro-
cedure, avoids excessive dose to the patient, and is
performed under the supervision of expert radiation
safety guidance (see, for example, our discussion on
thoracic fluoroscopy in women). Radiation manage-
ment precautions should include:

1. Move the x-ray tube away from the skin as
far as practicable (commandment # 4).

2. Move the image intensifier as close to the
patient as practicable (commandment #5).

3. To protect the head and neck area, use a
transparent shield with sterile covers, if
necessary; or step back from the patient
before engaging fluoroscopy.

4. Have assistants use extra shielding or stand
well back from the patient (more than 2
meters is recommended).

5. Hands must routinely be pulled back from
the field of view during fluoroscopy. Inser-
tion of hands in the field should only be on
those rare occasions when patient care criti-
cally depends on it. Monitor hand dose as
described in Table 7.

6. Usecollimation to control image quality and
reduce scatter (commandment # 8). The
collimator blades must be visible in the im-
age and closed down to the appropriately
small area.

7. Keep the beam-on time of the study as short
as possible (commandment # 3).
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Pregnant personnel

Pregnant women may continueto work in fluoro-
scopic areas, but they should wear an extra radiation
monitor at the level of the abdomen underneath the
lead apron. This serves as a monitor for the dose to
the conceptus. Some choose to change abdominal
badges every two weeks to maintain a frequent up-
date of the dose to the conceptus. Others prefer to
change the badges on the normal monthly schedule.
Monitoring at intervals greater than one month (e.g.,
guarterly) isnot recommended. Somefind special real-
time personnel monitors useful. A record of the dose
to the abdomen should be maintained to ensure that
the dose is within recommended standards. The un-
der-apron badge should not measure more than 0.5
mSv (50 mrem) in any one month. Remedial action
should be taken if thereading isin excess of 0.3 mSv
(30 mrem). [These should not be construed as dan-
gerouslevels, they are merely levels chosen to ensure
compliance with recommended limits.] Some physi-
cians choose to monitor before they become pregnant
to correct potential problems before pregnancy.

A wraparound apron with 0.5-mm lead equiva-
lent infront and about 0.2 mmin back isrecommended.
Special lead apronswith a1-mm lead-equivalent patch
over the pelvis have been used to provide extra pro-
tection for the conceptus or a small lap apron can be
worn underneath the regular apron to providethe same
effect.
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Concise summary #10: Proper use of protective equipment isessential to radiation management for person-
nel. Knowing how to position the fluoroscope around the patient and how to position
oneself for minimum radiation doseiscritical to minimizing one’'slong-term exposure
to radiation. Special precautions are recommended for pregnant women.

Quiz #10:

Citethe two most important rulesfor minimizing radiation doseto the operator’s hands.
Citetwo ways, other than the use of protective gear, to minimize your overall exposure
to radiation. (See Appendix for answers.)

Other Methods to Protect Patients

Patient management

Detailed medical records can be very effective
in managing radiation exposures to patients who re-
ceive multiple studies or who may require radiation
therapy later. For procedures that involve a lengthy
amount of fluoroscopy (about 20 minutes or more) or
aknown high doseto the skin, arecord carefully iden-
tifying the area of exposed skin will alert other physi-
cians about the need to be attentive about limiting irra-
diation of the same area. A record of the estimated
skin dose would aso be helpful (see commandment
#9). Itisadditionally advisable that patientswho have
prolonged procedures be followed about 2 — 3 weeks
later for potential development of any skin changes,
unless the dose was monitored and found to be less
than about 3 Gy;. Documentation of any delayed re-
actionswill assist in future careand will provideinfor-
mation that alerts physicians of the need to pursue dose
minimization in thefuture.

If apatient hasapreviousirradiation history from
anintervention, then prior to any additional lengthy pro-
cedure the physician should examine the skin area to
look for changes, such as telangiectases, epidermal
thinning, dermal atrophy, or changesin pigmentation
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that are indicative of previous high exposures. Posi-
tioning the C-armto adightly different angulation might
be apractical way to avoid overexposure of a specific
areawhen procedures are prolonged. [Lichtenstein et
al. (12) also suggest that the use of topical
radioprotectors, such as leukotrienes and prostaglan-
dins, might be considered when doses are high. These
protectors must be applied before the procedure to be
effective. However, there is no experience on their
effectivenessin patients undergoing extended fluoro-
scopic procedures.]

I nfor med consent

For extended procedures where the fluoroscopic
doseto the skin or eyeislikely to exceed 2 Gy; (more
than about 30 minutes of standard fluoroscopy), the
physician may wish to counsel the patient on the po-
tential radiation effects as outlined in Table 3. (See
FDA recommendations at the beginning of thismono-

graph).

Diseases that render patientsradiosen-
sitive

Some diseases may render patients sensitive to
radiation and they may be at greater risk for adverse
reaction from high dosesreceived from interventional
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procedures (4, 25, 26). These include patients with
ataxia telangiectasia, connective tissue diseases (col-
lagen vascular disease), and diabetes mellitus. Such
patients should be counseled about potential adverse
reactions in the case of high doses to the skin. One
patient with mixed connective tissue disease and dia-
betes mellitus experienced severe dermal necrosis af-
ter atrangugular intrahepatic portosystemic shunt pro-
cedure (25). Other conditions, such ashomozygousity
for ataxiatelangiectasia, are known to makeindividu-
alsextremely sensitive to the adverse affects of ioniz-
ing radiation.

Pregnant patients

The possibility of pregnancy in any woman of
childbearing age should be considered a potential
contraindication to a fluoroscopic study of the
abdomen or pelvis unless the situation is a life-
threatening emergency (43, 44). Irradiation of the ab-
domen or pelvisof apotentially pregnant woman should
be performed only after careful examination of the
benefitsand risks. If apatient of childbearing potential
is thought to be pregnant or has not had a menstrual
period within the previous 4 weeks, special consider-
ation should be given prior to proceeding with afluoro-

Table8. Summary of commandments1—10. How individual factorsaffect radiation management.
(An "N meansthefactor increases, W meansthefactor decreases.)

Operational Factors

Radiation Management Factors

Radiation Dose to

distance M

Image Quality Radiation Skin Dose
to Patient Saff
1) Patient Size M ¥ L] L]
2.) Dose rate controls M L] L] L]
3) Beam On-Time M No Change Y ’
4_) Sour ce-to-skin (Depends on magnification (Depends on how collimation is
and image size) * adjusted in response to change)

5.) Image Receptor to Skin
Distance M

image size)

(Depends on magnification and

N it o M or if collimators

open wider, otherwise no
significant change)

L]

6.) Image Magnification AN |usualy A but depends on focal

(Usually ‘F , but depends on

( Usually N but depends on system design and how collima-

(electronic or geometric) [spot size) system design) tion, kVp, and tube current
respond.)
7) Grid used *(for image receptor close to ﬁ m
' adult patient)
. . (Skin dose is about the same
8-) Collimator Opemng ¢ * but more tissue is exposed) ﬁ
9) M OnIIOI’Ing patlmt dO% ¢ No Change i(due to physician education) *(due to physician education)
10.) Personnel Safety M No Change No Change ¥
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scopic examination. For all procedures that involve
extensive fluoroscopy of the pelvis, a pregnancy test
is advisable unless there is no reproductive potential.
Potential risksto a conceptus will depend on the ges-
tation age and radiation dose. These potential risks (and
the most vulnerabl e period) include radiation-induced
loss of pregnancy (0-2 weeks postconception), small
head size (2-15 weeks postconception), intellectual
deficit and mental retardation (8-15 weeks postcon-
ception), and induced childhood cancer, particularly
leukemia(entire gestation). A consult with aradiation
effects expert should be sought before proceeding in
such circumstances.

Many options are availableto hel p optimize ben-
efit and minimizerisk. Critical developmental periods
might be avoided, patient position might be changed to
reduce dose, the examination might be otherwise modi-
fied, and the dose can be monitored.

Use of alead-apron shield for the patient islikely
to provide an indirect message to the patient that you
are taking every measure to protect her child; but, in
fact, shielding isnot likely to be of much benefit. The
lead apron must not be placed inthe direct beam since
the additional attenuation will only cause the ABC to
increaseradiation output in order to penetrate the shield.
The shield will not protect much against scatter be-
cause scatter is generated inside the patient, not ex-
ternal to her. The best way to protect the conceptusis
to use good collimation and keep the beam-on time as
short as possible.

Shielding with a lead apron might help prevent
the inadvertent direct irradiation of the conceptus by
creating aradio-dense boundary that warnsthe physi-
cian of the proximity of the conceptus during panning
of thefluoroscope. If shielding isused, itisimportant
that the shield be positioned on the x-ray tube side
of the patient under the pelvis but out of the way of
the area to be fluoroscoped so that the beam is inter-

cepted before it enters the patient. If placed on the
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image intensifier side, the conceptus will still be di-
rectly irradiated because the shield does not block the
beam before it entersthe patient. However, theimage
will give afalseimpression of protection because the
shield will block the beam before it enters the image
intensifier. Thus the image misleads the observer into
believing the patient is protected.

Thoracic fluor oscopy in women

Breast cancer has been induced in women who
had thoracic fluoroscopic eval uation for the treatment
of tuberculosis (Fig. 1). Some of these women were
positioned with their breastsfacing the x-ray tube. This
might occur with today’s procedures if the x-ray C-
armisoriented for an oblique view through the thorax,
perhapsto view the spine with the patient prone onthe
table. This orientation of the x-ray c-arm and the
patient may result in a situation where the breast is
directly in front of the x-ray port. Outputs at the
port can be very intense due to the close proximity
to the source. Intensities of more than 0.5 Gy; per
minute are possible, depending on the equipment and
the size of the patient. There are afew considerations,
compromises and actions to help the physician abate
this breast exposure and the concomitant cancer risk.
Consider any of thefollowing:

1. It may be reasonable to turn the c-arm
over so that the x-ray tube is above the back of
the prone patient (Fig. 34B). The breast would
receive only the much reduced exit dose. Thisvio-
latesthe standard principles of good radiation man-
agement for personnel (Fig. 34A). However, this
configurationispreferred to deliver lessdoseto the
patient’s breast. The precautions discussed under
commandment #10 for this geometry should befol-
lowed.

2. Position the beam so that the breast is
not in direct line with the x rays or consider us-
ing support materials to move some of the breast
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out of the direct beam. Remember to maximize
the distance of the x-ray port from this area.

Dose management for prolonged proce-
dures

Even though increases in dose rate may be rela-
tively small dueto oneless-than-ideal application of a
commandment, small changes in many of the dose-
management techniques can result in avery large in-
crease in dose rate. Fig. 35 shows the skin dose to a
patient who undergoes a prolonged procedurefor place-
ment of an intrahepatic portosystemic shunt, using a
fluoroscope from amajor manufacturer. Each bar rep-
resents the dose under different fluoroscopic condi-
tions. The patient was very large with a 280-mm thick
abdomen (see commandment #1). The unusually long
procedure required 90 minutes of fluoroscopy and 100
fluorographic images (DA and DSA). The“standard”
technique employed pulsed fluoroscopy at 7.5 frames
per second (see commandment #2), a magnification
mode using afield-of-view of 280 mm (see command-
ment #6), negligible air gap between the patient and
the image intensifier (see commandment #5), and a
700-mm source-to-skin distance (see commandment
#4). Skin dosefromthis* standard” procedureisdem-
onstrated by the clear bar. The gray bars demonstrate
the skin dose when only one of the operating factorsis
altered for the procedure. The new setting of the op-
erating factor islisted under the bar. These doses are
modestly increased over the “standard”. The largest
single-factor change in dose results from the use of
continuous-beam fluoroscopy rather than the 7.5
frames per second pulsed mode. This change causes
the dose to increase by afactor of 2.6. The black bar
represents the dose when all the gray applications are
simultaneously used in the procedure. The difference
in the doses between the standard and the combined
technique (black bar) is 8.8 Gy! The dose to the skin
from the “ standard” technique would not be expected
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Fig. 35. Comparison of skin dose from prolonged
fluoroscopic procedure using various operating
parametersin alarge patient (40). (See text.)
Reproduced with permission from Wagner LK, Archer BR, Cohen
AM. Management of patient skin dose in fluoroscopically guided

interventional procedures. JVIR 2000; 11: 25-33.

to cause any serious skin effect. From the combined
technique erythema and dermal atrophy are antici-
pated.

The lessons of this exercise are twofold. First,
effective application of dose-reducing techniques
as described in the commandments can result in
very large savings in dose to the patient (as well as
to personnel). Second, the application of dose-re-
ducing pulsed-fluoroscopy results in a very large
savings in dose to the patient and to personnel.
(Caution: as previously indicated, not all pulsed-fluo-
roscopy modes result in dose-savings. Consult with
the manufacturer or a medical physicist if there are
guestionsrelated to your equipment.)
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Regulations

All fluoroscopy equipment marketed in the United
States must meet radiation control design specifica-
tions as mandated by the FDA.. These include specifi-
cationson shielding, collimator function, source-to-skin
distance, limitson x-ray intensitiesand many other fea-
tures of design. These requirements have markedly
reduced the potential for radiation injury from medical
X-ray equipment. However, no regulation on design
can guarantee safe use. Almost all fluoroscopic
machines can expose patients to unacceptable and
dangerous levels of radiation. Operator training
in the safe use of radiation is essential for good
medical practice.

Once equipment is put into service at a medical
facility, the radiation control department of each state
isresponsiblefor enforcement of regul ations. Compli-
ance is enforced by inspectors who perform surveys
at facilities. Although regulations may vary from state
to state, most states have some common rules. The
reader is cautioned that some state laws may be stricter
(or less strict) than those specified here.

1. Most regulations state that no occupa-
tionally exposed person may receive an ef-
fective whole-body dose of more than 50 mSv
per calendar year as a result of incidental
exposure to radiation in the work place. An
annual doseof thislevel isexceptional and should
not be considered routinely acceptable. We rec-
ommend that the annual effective (whole-body)
dose not exceed 10 mSv (refer to Table 6 for
our recommended monitoring guidance).

Your radiation badge measuresthe doseyou
receive. To ensure an accurate dose reading,
badges should be changed monthly or bimonthly,
depending on type of work. You should review
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your exposures periodically to ensure that they
are within limits acceptable for your practice.
The radiation safety officer (RSO) is required
to inform you if your badge readings exceed
regulatory limits. (Note: Your effective whole-
body dose may not match your badge reading
because of shielding afforded during fluoroscopy
by your protective apron. The relationship be-
tween your badge reading and your whol e-body
effective dose can be explained by your RSO.
This relationship may have a regulatory inter-
pretation that differs from state to state.)

2. Innormal practice the monthly exposure
to the conceptus of apregnant woman employee
should not exceed 0.5 mSv. Thiscan be verified
with an abdominal monitor that is worn under
thelead apron at belt level.

3. There are no regulatory limits on the
cumulative amount of radiation a patient may
receive from diagnostic or interventional
medical procedures. The physician is the indi-
vidual who hasfull control over and responsibil-
ity for this exposure.

4. Members of the general public,_ex-
cluding patients, are not permitted to receive
more than 1 mSv of radiation per year as a
result of incidental exposure to ambient ra-
diation generated by the use of medical x-
ray equipment.

Moving Forward

The FDA has issued an advisory on the harmful
effects of x rays to patients and has noted that some
prolonged uses of fluoroscopy have resulted in radia-
tioninjury, ranging from erythemato dermal necrosis
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and worse. The advisory recommends that physicians
be trained in the safe uses of x rays. This monograph
was designed to help meet this goal. Your enforce-
ment of the principlesoutlined in thisdocument will be
amajor step in assuring the responsible medical use of

X rays.
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APPENDIX - QUIZANSWERS

1. What measures can be taken to reduce radiation dose and dose rate in large patients? Answer: For
large patients undergoing long procedures, therisk for skininjury isincreased. While burnsfrom fluoros-
copy arerare, when they occur they can be surprisingly intractabl e to treatment. Knowledgeable appli-
cation of the other commandments is the best means of reducing this risk. In some procedures fre-
guently accompanied by ascites, the physician can consider paracentesis prior to the fluoroscopic pro-
cedure. Thiswill reduce patient size. Ensuring that extraneous body parts are not in the beam is also
essential, especially for procedures in large patients. Proper preparation of the patient prior to the
procedure will also help eliminate some mid-procedure cancellations and will avoid repeated work.

2. Citeat least two compromisesthat afluoroscopist must make when choosing an appropriate operating
setting for dose management and image quality. Answer : 1) to keep dose accumulation rate down, the
fluoroscopist can select alower pulserate. The lower the pulse rate the less the dose accumul ation rate
(in most circumstances). However, if the pulserate istoo low, the motion perception istoo jerky. Thus
there is acompromise on the capture of motion an dose accumululatiion rate. 2) to keep dose rate under
control, alower dose rate setting that uses less dose per pulse can be selected. However, this compro-
misesimage quality by increasing the noise. Thus acompromise on dose rate and acceptabl e noise must
be made.

3. Citeseveral technological aidsthat can help the fluoroscopist reduce beam-on time for an examination.
Answer: 1) lastimage hold; 2) virtua collimation; 3) virtual positioning.

4. For an x-ray source with distance adjustment independent of the image intensifier, you notice that the
MA increases as you move the tube from 40 cm to 60 cm from the patient’s skin. The collimators are
fully open to the input area of theimage intensifier. Why does the patient’s skin dose rate decrease and
doseratesto personnel not change much? Answer : For systemsthat provide independent control of the
distance of the x-ray tube and the distance of the image intensifier from the patient, a complex interac-
tion of controls takes effect. If the x-ray tube is moved further away from the patient without moving
theimageintensifier, theincreased distance dictatesthat the x-ray production must increase to maintain
the same image-producing dose rates at the image intensifier. However, the x-ray field must be re-
stricted to remain within theimageintensifier. Thisrequiresthat the collimatorsin the x-ray tube housing
be closed down somewhat, which in turn reduces the amount of radiation that escapes the x-ray source
housing. The net effect of these changes is that the same number of x raysis used to produce the
image. Thereason why the dose rate to the patient goes down isexplained in the figure bel ow. Although
the same total number of x rays entersthe patient, they are spread out over alarger skin area and thus
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Note: Tube current increases when tube is moved
back and the collimators have closed down
somewhat to ensure that the x-ray field does not
extend outside the image intensifier.

Image-producing concentration of X
rays is unchanged at input surface.

=" H gt
\

X-ray housing atient

When the x-ray tube is backed up, the entrance skin areaisincreased, but number of
X-rays remains about the same. This reduces concentration (dose) at the surface.
However, the volume of irradiated tissue has increased. Result: Skin dose goes down
dueto less concentration at surface, but patient is exposed to same number of x rays
and scatter in the room does not chanae.

the concentration (i.e., the dose rate) at the skin surface is less. However, even though the dose rate
decreases at the patient’s skin, the volume of tissue irradiated has increased (see figure above). Since
scatter increases with increasing volume of tissue but decreases with decreasing dose rate, the net effect
of these compensating actions is that the amount of scatter in the room does not change.

5. Why does keeping theimage intensifier closer to the patient decrease dose rate to the patient? Answer :
Doserateis controlled by the ABC which maintains a set input rate to the image receptor. Inthefigure
below, asthe image intensifier ismoved closer to the patient the closer proximity to the source dictates
that the exposure rate to the image receptor increases. To keep the exposure rate to the image receptor
at the proper level, the x-ray output must be be reduced. This reduces dose rate to the patient.

Note: Collimators are set at same opening and volume of
tissue exposed is the same, but tube current goes down in Image-producing concentration of X rays at
response to shorter SID. This reduces x-ray production rate image intensifier is unchanged.

and thus reduces dose rate to patient.

N

N -
( ] |'mage ]

Intensifier

PaIi ent Imgge intensifier moved toward
patient.
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6. Many fluoroscopes adjust dose rate under electronic magnification according to the square of the mag-
nification factor. How does dose rate to the patient change as one shifts from a 24-cm field of view (no
magnification mode) to al12-cm field of view (magnification mode)? Answer : Most fluoroscopy systems
increase x-ray output as one shifts from a wider-field-of-view (less magnification) to a narrower one
(more magnification). They do this to maintain image quality for the smaller field. Thisresultsin in-
creased dose rate to the patient. Shifting from a 24-cm diameter image to a 12-cm diameter image
increases magnification by afactor of 2. Dose rate to the patient therefore increases by afactor of about
four. Theincreasewill belessthan thisfactor if kVpisincreased to providefor amore penetrating beam.
With electronic magnification, the kVp will increase if the dose rate would otherwise exceed regulatory
limits.

7. Why isthe use of agrid more important for fluoroscopy in adults than it is for fluoroscopy in infants?
Answer : Scatter radiation reducesimage quality. Ininfantsall the primary factorsthat determine scatter
content in the image are reduced. That is, dose rates are generally lower, beam energy is lower, and
irradiated patient volumeislower. Scatter isthereforeamuch lower image-quality liability thanitisinan
adult.

8. After applying collimation you notice that the tube current increases. Is this normal and what should be
doneabout it? Answer : Two factorsareinvolved here. Collimation reduces scatter in theimage and this
reduces x-ray intensity to the image intensifier. To recover the loss in intensity, tube current or kVpis
increased. This also dlightly increases dose rate to the patient. In the normal procedure where total
fluoroscopy ontimeisseveral minutes, thisincreased doserate isusually more than compensated by the
fact that lesstissue volumeis exposed, reducing scatter in theroom and reducing overall radiation burden
inthe patient. A bonusisthat image quality alsoimproves dueto the reduced scatter and the higher dose
rate. A second factor that contributes to this phenomenon is that overly narrow collimation may block
part of the sensor area for the ABC, causing the ABC to drive the kVp and mA higher than necessary.
If this occurs, open the collimators slightly and the kVp and mA should return to normal.

9. Citeat least three ways to monitor radiation dose to patients and discuss their relevance with regard to
patient care. Answer: 1) Fluoroscopy time is useful only as a quality control measure for procedures
involving short on-times. It does not keep track of fluorographic use. 2) Dosimetry “film” is useful to
monitor skin doseto patients undergoing proceduresthat involvelong durationsof fluoroscopy. It records
accumulation of skin dose at the table for both fluoroscopy and fluorography. 3) Cumulated air kermaat
the IRPisuseful asaguidefor patient management. It records cumulated air kermafor both fluoroscopy
and fluorography, but it dose not distinguish dose delivered with different beam angles, it does not account
for backscatter radiation, and the IRP is only an approximation of the location of the skin.
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10. Cite the two most important rules for minimizing radiation dose to the operator’s hands. Answer: 1)
Keep hands out of the direct beam. 2) Work on the exit beam side (imageintensifier side) of the patient.

Cite two ways, other than the use of protective gear, to minimize your overall exposure to radiation.
Answer: 1) Maximize your distance from the irradiated area of the patient. 2) Use beam orientations
that use the patient as a shield.
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