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This document is a consensus statement by the major
merican societies of physicians who work in the interven-

ional laboratory environment. It reviews available data on
he prevalence of occupational health risks and summarizes
ngoing epidemiologic studies designed to further elucidate
hese risks. Its purpose is to affirm that the interventional
aboratory poses workplace hazards that must be acknowl-
dged, better understood, and mitigated to the greatest ex-
ent possible. Vigorous efforts are advocated to reduce these
azards. Interventional physicians and their professional
ocieties, working together with industry, should strive to-
ard minimizing operator radiation exposure, eliminating

he need for personal protective apparel, and ending the
rthopedic and ergonomic consequences of the interven-
ional laboratory work environment.

ealth hazards of the interventional
aboratory environment
uring the past 30 years, the advent of fluoroscopically
uided interventional procedures has resulted in dramatic
ncrements in x-ray exposure and physical demands that
redispose interventionists to distinct occupational health
azards.1–5 The hazards of accumulated radiation exposure

This document was endorsed by the Board of Trustees from the Heart
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merican Association of Physicists in Medicine; American College of
ardiology; American College of Radiology; Society for Cardiovascular
ngiography and Interventions; Society of Invasive Cardiovascular Pro-

essionals; Society of Interventional Radiology; and the Society of Neu-
oInterventional Surgery. Financial Disclosure Statement: James A. Gold-
tein, MD, reported a financial relationship with a company working on
adiation protection systems. None of the other authors have identified a
onflict of interest. The views expressed in this article are those of the
uthors and do not necessarily reflect the official policy or position of the
avy, Department of Defense, nor the U.S. Government. Address cor-

espondence to: Dr. Lloyd W. Klein. E-mail address: lloyd_w_klein@

tush.edu.

547-5271/$ -see front matter © 2009 Published by Elsevier Inc. on behalf of H
ave been known for years, but until recently the other
otential risks have been ill-defined and underappreci-
ted.1–11 The physical stresses inherent in this career choice
ppear to be associated with a predisposition to orthopedic
njuries, attributable in great part to the cumulative adverse
ffects of bearing the weight and design of personal protec-
ive apparel worn to reduce radiation risk, and to the poor
rgonomic design of interventional suites.1,3–5,12,13 These
ccupational health concerns pertain to cardiologists, radi-
logists, and surgeons working with fluoroscopy; pain man-
gement specialists performing nonvascular fluoroscopic
rocedures; and the many support personnel working in
hese environments.

Daily exposure to radiation, orthopedically burdensome
ersonal protective apparel that is only partly protective and
oor ergonomic design of fluoroscopic equipment and pro-
edure rooms constitute the “inconvenient truth” of our
rofession. When we chose an invasive career, we accepted
hese risks as “the cost of doing business.” Day to day, most
f us try to ignore what we cannot see, even to the extent of
ot wearing the required radiation badges, afraid to know
he truth, or even worse to be pulled out of the laboratory as

result of “excess” monthly exposures. This behavior is
ounterproductive. Although radiation exposure for health
are workers has declined as awareness and technologic
dvances have improved, busy interventionists not uncom-
only approach or exceed the limits previously believed

cceptable.7

Efforts to better define the occupational risks associated
ith working in a fluoroscopic laboratory led to the forma-

ion of the Multi-Specialty Occupational Health Group
MSOHG), whose main initial goal was to clarify the mag-
itude and impact of these occupational health concerns.
ember organizations of the MSOHG include the Society

f Cardiac Angiography and Interventions, Society of In-

erventional Radiology, Heart Rhythm Society, American

eart Rhythm Society. doi:10.1016/j.hrthm.2009.01.030
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ollege of Radiology, American College of Cardiology,
ociety of NeuroInterventional Surgery, American Associ-
tion of Physicists in Medicine, and Society of Invasive
ardiac Professionals. The MSOHG is collaborating with
xperts in occupational health, epidemiology, and radiation
ffects from the United States Navy and the Radiation
pidemiology Branch of the National Cancer Institute to
erform epidemiologic studies addressing the fundamental
uestions important to all those working in such an envi-
onment.

One purpose of this position paper is to review the
vailable data delineating the prevalence of these occupa-
ional health risks and to summarize ongoing epidemiologic
tudies designed to further elucidate these risks. Another
mportant purpose is to publicly state that the interventional
aboratory poses workplace hazards that must be acknowl-
dged, better understood, and mitigated to the greatest ex-
ent possible, and to advocate vigorously on behalf of efforts
o reduce these hazards.

he epidemic of orthopedic complications
iven the effects of spending a career standing for long
ours bearing the weight of heavy personal protective ap-
arel in positions that are often ergonomically unsound, it
hould not be surprising that one often walks out of the
nterventional laboratory after a busy day feeling internally
atisfied over a job well done, but externally miserable with
n aching neck and back. Data now strongly indicate that
orking in the interventional laboratory over time is asso-

iated with occupational health risks, including a high prev-
lence of orthopedic problems, particularly those related to
he spine. These occupational-related injuries not uncom-
only result in missed days of work, surgery, and, in some

ases, curtailed careers.
Previous studies1,3–5,12,13 have documented occupational

rthopedic problems associated with the practice of fluoro-
copic-based interventional medicine (Table 1). What ap-
ears to be an epidemic of orthopedic injuries is believed to
e related to wearing heavy and uncomfortable personal
rotective apparel (i.e., “lead” aprons) for radiation protec-
ion during procedures. Surveys of cardiologists and radi-
logists conclude that there is evidence of a relationship
etween wearing leaded aprons and spine problems.1,3,12,13

n a 2004 Society of Cardiac Angiography and Interventions

able 1 Surveys of orthopedic complications in interventionist

tudy Methods

oss et al1 Survey of interventional cardiologists (852
responses), orthopedists (577 surveys, 1
and rheumatologists (978 surveys, 198

oldstein et al3 Survey of 1,600 interventional cardiologis

achan12 Survey of interventional radiologists (308

13
oore et al Survey of 608 radiologists (236 responses)
urvey,3 nearly half of the 424 respondents reported spine
roblems, an incidence dramatically higher than the 27.4%
ncidence of chronic back conditions in adults in the United
tates.14 More than one third indicated their spine problems
ad caused them to miss work.3 One fourth of the respon-
ents reported problems related to their hips, knees, or
nkles. The survey also found a significant relationship
etween the number of years worked in the cardiac cathe-
erization laboratory and the incidence of spine problems.
revious investigators have called attention to a distinct
ccupational hazard labeled “interventionalist’s disk dis-
ase,”1 attributing problems such as orthopedic injuries to
he cumulative effects of bearing the weight of personal
rotective apparel and poorly designed interventional labo-
atory environments that promote awkward and ergonomi-
ally unsound postures (e.g., monitors placed outside the
perator’s natural line of sight in his/her working position).

adiation-related health illnesses: implicit
ut poorly defined risks
lso of great concern to physicians performing invasive
rocedures requiring x-ray exposure are the potential ad-
erse effects of occupational radiation exposure that may,
ver time, be associated with an increased incidence of
ataracts, cancers, and possibly other diseases.2–11,15–27

ompared with fluoroscopically guided diagnostic proce-
ures, interventional procedures are more complex, length-
er, require the use of more radiation, and frequently require
he use of imaging views that are unfavorable for operator
xposure.15,16 Recent reports on the biologic effects of ra-
iation reaffirm the utility of the linear-no-threshold model
f radiation risk for solid cancers.17,18 This hypothesis states
hat any radiation dose carries with it an associated risk of
ancer induction, and that the risk increases linearly with
ncreasing dose.

Extrapolating from these basic principles of radiation
afety that link the likelihood of disease to the extent of
umulative radiation exposure, it might be expected that
hysicians exposed to radiation in their work environment
n the present era would be at higher risk of such illnesses
Table 2). As a result of the small numbers in the Society of
ardiac Angiography and Interventions survey study,3 no
rm conclusions could be reached regarding increased rates
f radiation-associated diseases. However, anecdotal reports

Findings

ys, 385
ponses),
ses)

Increased spine problems in interventionists
(75% incidence) vs orthopedists and
rheumatologists

responses) Prevalence of orthopedic complaints: spine,
42%; hip, knee, ankle, 28%; spine
problem limited work in one third

ses) 60% reported spine complaints; spine
problems limited work in 25%
s

surve
31 res

respon
ts (424

respon
50% prevalence of back pain
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f hematologic malignancies and other cancers are now
ommon conversation at societal meetings. The brain is one
f the least protected organs during interventional fluoros-
opy procedures.19 Recent anecdotal reports of hematologic
alignancies and brain cancers in interventionists have

larmed members of our profession.10 Although the impact
f radiation dose to the brain from chronic low-dose expo-
ure has not been well studied,15 ionizing radiation is one of
he few established causes of neural tumors.20 Studies of the
ncidence of nervous system tumors in atomic bomb survi-
ors20–22 concluded that exposure to radiation doses of less
han 1 Sv is associated with an increased incidence of
ervous system tumors. Epidemiologic evidence for radia-
ion-induced brain cancer in fluoroscopists is suggestive,
ut by no means conclusive (Table 2). One study23 found
hat the death rate from brain cancer in radiologists was
lmost three times that of other medical specialists who did
ot use radiation. A case-control study24 of 233 patients
ith brain tumors reported that work as a physician with use
f fluoroscopy increased the risk of developing a brain
umor, with an odds ratio of 6.0 (95% CI, 0.62–57.7),
lthough there were only three such individuals among the
33 cases. Another case-control study25 of 476 individuals
iagnosed with glioma also observed an increased risk in
hysicians and surgeons (odds ratio, 3.5; 95% CI, 0.7–17.6).
owever, such studies cannot exclude other biologic agents

nd chemicals unrelated to radiation as causative, and other
ase-control studies26–28 failed to identify a significant risk
f brain tumors as a result of exposure to medical ionizing
adiation.

Radiation risk is not limited to the induction of malig-
ancy. Recent epidemiologic studies of radiation-related
ataract formation29,30 suggest that the currently accepted
hreshold dose of 2–5 Gy for radiation-induced cataract
ormation may be too high. It is possible that there is no
hreshold dose, and that radiation-induced cataract forma-
ion is a stochastic effect, rather than a deterministic effect
s previously believed.31 In either case, the current Interna-
ional Commission on Radiation Protection occupational
uidelines for radiation exposure to the eye (150 mGy/year)
ay be too high.18 The International Commission on Radi-

tion Protection is organizing a subcommittee to prepare a

able 2 Reports of cancer incidence in interventionists

tudy Methods

inkelstein10 Report of a case cluster
reston et al21 Review of solid cancers in atomic bomb

survivors
atanoski et al23 Cohort study of mortality in radiologists ov

50-year period
arozza et al25 Case-control study of occupation and gliom
ndersen et al26 Population-based study of occupation and

cancer incidence
pecial report on this topic. l
hat is an acceptable level of radiation
xposure?
ecognition of the potential harm of radiation has led to

ong-established standards for occupational exposure that
ave been articulated in the policy of “As Low As Reason-
bly Achievable” (ALARA). But the question must be
sked: What is “low” and what is “reasonably achievable”?
n the past 30 years, interventional medicine has evolved
ramatically, with remarkable advances in imaging and
atheter technologies, as well as the basic and clinical sci-
nce that support their application. During this period, our
aily and career radiation and orthopedic risks have in-
reased. The evolution of interventional procedures has
ecessitated that industry keep pace with dramatic leaps in
maging technology. Inexplicably, radiation protection tech-
ology is not much different than it was two decades ago,
ith little technologic development or innovation to im-
rove the safety and comfort of operators. Complacency can
e dangerous. If similar lack of technologic progress were
vident in automobiles, vehicles would still be equipped
ith seat belts only, not the superior airbag systems that
ave made driving much safer. Yet we still stand at table-
ide with incomplete protection from aprons and small por-
able shields (think of them as seat belts), leaving our brains,
rms, and lower legs exposed to radiation; at the end of the
ay, our spines, hips, and knees ache from the burden of the
rotective apparel we wear. Although numerous lead apron
esigns have been developed and marketed as ergonomi-
ally superior, no truly successful design exists. Substitution
f other combinations of metals for lead has made aprons
ighter than in years past, but they remain heavy, cumber-
ome, uncomfortable, and incompletely protective.5 Even
he use of the term “apron” harkens back to an earlier era of
eight distributed entirely on the shoulders and upper trunk;
ewer designs are closer to kilts. There must be better ways
o distribute the weight of operator-worn shielding and
ighter materials that may be used.

The maximum permissible doses advised by the National
ouncil on Radiation Protection and Measurements32 and

pecified in most state health codes were established by
etting the numeric values equal to the risks of “safe”
onradiologic occupations. There is no implication that
oses lower than the maximum permissible dose are abso-

Findings

Brain cancer in two interventionalists
Radiation dose response for nervous system tumors; exposure

to dose � 1 Sv associated with increased risk
Excess cancer risk among radiologists consistent with other

physicians (especially for leukemia and lymphoma)
Physicians at increased risk of glioma
Brain cancer increased among physicians in general; no

breakdown by specialty
er a

a

utely safe or that doses greater than the maximum permis-
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ible dose are always toxic. To minimize unnecessary dose,
ost radiation protection programs issue alerts when radi-

tion badge readings exceed 10% and 30% of the maximum
ermissible dose. The Occupational Safety and Health Ad-
inistration has a comprehensive set of guidelines on pro-

ection from bloodborne pathogens, and they may issue
uidelines for occupational radiation exposure as well.33

hese will have a direct effect on the operation of interven-
ional laboratories.

Concerns over radiation exposure to the modern inter-
entionist were elegantly articulated by Clark,2 who posited
he following: “There is ongoing concern about how expe-
ienced interventionists and younger ones with long careers
head of them can avoid the potential ravages of x-ray
xposure.” He asked, “Which illnesses can be caused by the
ype of x-ray exposure received in the laboratory by physi-
ians and at what potential level of exposure?”; “On a
onthly, yearly, and lifetime basis, how much radiation

xposure is acceptable, and how much radiation exposure
uts an individual at increased risk of which complica-
ions?”; and “At what lifetime level of exposure should one
onsider retiring from laboratory practice in order to dimin-
sh the chance of radiation illness?.”2 In summary, he stated:
Persisting questions for the physician are these: ‘How
uch am I being exposed?’ and ‘How much is too
uch?’.”2 These issues have special pertinence to those in

raining, who are facing the choice of a career path that may
ast 30 years or longer and may be influenced by radiation
xposure concerns; this issue is of particular importance in
omen of childbearing age already practicing or consider-

ng an interventional field.
To these questions, we need to add one more: how do we

educe our risks? Given the availability of materials (e.g.,
ead) with the potential to completely block radiation, it
ust be asked whether it is “reasonable” or necessary to be

xposed to scatter radiation on a daily basis while laboring
n a workplace environment that requires wearing partly
rotective apparel that contributes to daily discomfort and
areer orthopedic injury.

aking the interventional laboratory a safer
ork environment: a call to action
he present position paper, commissioned by the member
ocieties that constitute the MSOHG, was predicated on the
idely held sentiment that there are already sufficient data

o support the conclusion that the interventional laboratory
orkplace milieu and physical working lifestyle of inter-
entional physicians potentially pose occupational hazards
hat exact a toll on physician’s health. Sadly, it may already
e too late for some of our colleagues to avoid the occupa-
ional hazards we now appreciate.

Scientific study further delineating occupational risks is
ssential. The MSOHG has initiated epidemiologic studies
esigned to help answer fundamental questions important to
hose working in fluoroscopic environments. Employing

arge populations, including age-matched control groups of i
oninvasive physicians, these studies are designed to ad-
ress the following questions:

. What is the true incidence of orthopedic and radiation-
associated problems?

. What radiation-induced diseases should we be concerned
about, besides cancer and cataracts?

. What are the mechanisms contributing to orthopedic
problems (e.g., heavy personal protective apparel, work-
ing positions, nonergonomic equipment designs)?

. Are there individual operator factors associated with
development of orthopedic and radiation-associated
problems (e.g., number of cases per year over a career,
laboratory shielding, laboratory design)?

Despite these important ongoing studies, a fundamental
essage of the present article is that no further data are

ecessary to declare the fluoroscopic laboratory a hazardous
lace in which to work. It is now time for physicians and
heir professional societies to work together and with indus-
ry to make our working environment better for those who
ill follow us. We all share this “turf.” This idea has
rompted the present call to action by specialty societies
epresenting those working in fluoroscopic laboratories to
dvocate for a safer laboratory environment. The ultimate
oal is to eliminate all unnecessary radiation exposure to
hysicians and reduce substantially the incidence and se-
erity of orthopedic complications.

Important questions regarding the interventional labora-
ory environment must now be asked. These include:

. Why has there been so little improvement in workplace
safety during the past 30 years?

. Which agencies are responsible for introducing improve-
ments into laboratory safety, and what are the mandates
and motivations for doing so?

. If laboratory equipment can be designed to improve
safety, how will such additional expenses be covered?

hich agencies are charged with monitoring
afety and mandating improved workplace
tandards?
n the United States, radiation safety policy is largely de-
ermined at the national level and implemented by the in-
ividual states, which have regulatory agencies. Institu-
ional radiation safety officers monitor institutional policies
nd exposures to ensure compliance with governmental
egulations, monitor individual operators, and provide edu-
ation to operators to help minimize exposure. Although
his traditional system has had many individual beneficial
ffects, it has not addressed the systemic issues of labora-
ory design and ergonomics.

hich entities are responsible for designing
nd implementing workplace improvements?
he development of interventional procedures demanded

mproved catheter equipment and higher-resolution imag-

ng. Physicians working in the field have been in great part
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esponsible for stimulating industry to achieve dramatic
echnologic advances. In fact, the era of interventional med-
cine has stimulated the evolution of the biomedical device
ndustry, with innovation often germinated by physicians
orking in the laboratory who identified problems, needs,

nd opportunities. Many of the solutions to these problems
ave been developed in partnership with industry, leading to
robust pipeline of tools and products. Clearly, we have
oved from an older era in which industry conceived ideas

nd brought them to the bedside, to the modern era in which
hysicians/users identify needs and work together with in-
ustry to help find solutions. Until now, physicians have had
ittle input in technologic development in the interventional
aboratory environment.

ill hospitals be willing to cover costs for
ew equipment to enhance workplace safety?

f, in fact, new laboratory designs can achieve enhanced
orkplace health and safety, the additional expenses in-

urred with such innovations must be considered. Presently
vailable data are already sufficient to support the conclu-
ions that orthopedic problems are common and are related
t least in part to wearing lead aprons. Some risk of cancer
s implicit in the ALARA policy; new innovations that
ignificantly lower operator radiation exposure should be
dopted following a sober weighting of costs, risks, and
enefits. These simple concepts should guide interactions
ith hospitals that provide and pay for the laboratory work-
laces.

eneral methods for reduction of operator
ose

ndividual operators need to have enough of a working
nowledge of radiation and other risks to be able to make
nformed decisions regarding their personal safety. The
hoice is personal responsibility or potential governmental
andate.
Certainly, we bear primary responsibility for protecting

ur own health—radiologic and otherwise. It behooves us to
e aware of our own occupational radiation dose and to
inimize it to the extent we can. This means wearing

ersonal dosimeters at all times in the interventional labo-
atory, and taking advantage of every opportunity to reduce
ose through the intelligent application of time, distance,
nd shielding. Techniques and equipment for shielding op-
rators (e.g., aprons, glasses, thyroid collars, and various
ableside and drop-down shields) are well known and
hould be the focus of daily attention. We cannot expect
thers to assume the burden and expense of improving our
ork environment if we are not interested enough and

oncerned enough to protect ourselves. Lead caps have been
uggested as a method for reduction of occupational dose to
he brain, but these seem potentially uncomfortable and add
et more weight to the load already being worn.34 Ceiling-
uspended lead shields reduce radiation dose to the brain, as

ell as to the rest of the organs in the head and neck.
The use of radiation-protective devices should be con-
idered only part of minimizing total operator risk. (Full
uits of radiation armor have been around for a century.
hree millimeters of lead will reduce operator dose to noth-

ng. Is this the best way to work?) Another basic concept
annot be overstated: operator dose is directly proportional
o patient dose. Reducing the dose to the patient will also
educe the dose to the operator. The specific methods are
eyond the scope of this document, but should be familiar to
ll operators who perform fluoroscopically guided interven-
ions, and should be practiced routinely. These methods and
oncepts have been well described previously.4,35

hat needs to be done now?
ur profession has numerous members who retired early or
ecame seriously ill as a direct consequence of the inter-
entional laboratory environment in which we work. Out-
tting operators with aprons and thyroid collars for protec-

ion against radiation should be as outmoded as sending
oldiers into battle wearing chain mail for protection against
ifle bullets. It is time that the interventional community
egan working with industry to take a fresh look at labora-
ory design, leaving no innovation unconsidered, and this
ndeavor must be undertaken at the highest levels. Given
he wide availability of effective radiation resistant materi-
ls, it seems reasonable to expect that advances in engineer-
ng, materials, and architecture should permit laboratory
esign that truly minimizes operator exposure and at the
ame time avoids the poor ergonomic designs with which
e currently deal.
Interventional physicians and their professional societies,

orking together with industry, should strive toward the
ltimate definition of ALARA as close to a zero radiation
xposure work environment as possible, and ultimately
liminate the need for personal protective apparel and pre-
ent its orthopedic and ergonomic consequences.

If the same level of ingenuity and commitment that
roduced the incredible innovations that have transformed
he practice of interventional medicine were applied to en-
ancing workplace safety, the career of an interventionist
ould undoubtedly be more comfortable, healthier, and

onger.
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