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Heavy Metal Pad Shielding during Fluoroscopic

Interventions

Sergio Dromi, MD, Bradford J. Wood, MD, Jay Oberoi, and Ziv Neeman, MD

Significant direct and scatter radiation doses to patient and physician may result from routine interventional radiology
practice. A lead-free disposable tungsten antimony shielding pad was tested in phantom patients during simulated
diagnostic angiography procedures. Although the exact risk of low doses of ionizing radiation is unknown, dramatic
dose reductions can be seen with routine use of this simple, sterile pad made from lightweight tungsten antimony

material.

J Vasc Interv Radiol 2006; 17:1201-1207

THE increasing use of imaging to
guide procedures has been accompa-
nied by public health concerns about
radiation exposure to patients and
health care personnel (1). Whenever a
medical image is obtained, a compro-
mise must be made between the qual-
ity of the image and the radiation dose
used to make that image. Certainly,
the lowest dose that can produce a
diagnostic image is ideal, which leads
to the ALARA principle (“As Low As
Reasonably Achievable”) (2). This con-
cept is paramount with the use of flu-
oroscopy because of continuous x-ray
production and real-time imaging.
Interventional radiology proce-
dures may expose the patient and
physician to the effects of direct and
scatter radiation (3). Patient exposure
is usually mostly direct radiation,
whereas physician exposure may be

From Special Procedures, Diagnostic Radiology De-
partment, National Institutes of Health, Building 10,
Room 1C662, 10 Center Drive, Bethesda, Maryland
20892. Received February 8, 2006; revision requested
April 24; final revision received and accepted May 8.
Address correspondence to S.D.; E-mail: dromis@
mail.nih.gov

This study was supported in part by Worldwide
Innovations and Technologies; and this research was
supported in part by the Intramural Research Pro-
gram of the National Institutes of Health Clinical
Center, Bethesda, MD.

© SIR, 2006
DOI: 10.1097/01.RV1.0000228372.62738.36

mostly scatter radiation (4). Biologic
effects of ionizing radiation can be cat-
egorized as acute or delayed. Al-
though the acute effects of radiation
are not commonly a problem, the de-
layed effects remain a poorly quantifi-
able concern. Because the delayed ef-
fects may take years or decades to
appear, they are difficult to distin-
guish from effects caused by other
sources. For this reason, they are con-
sidered stochastic rather than deter-
ministic effects. The likelihood of a
stochastic effect is directly related to
the radiation dose, but its severity is
not related to the total dose received.
Examples of stochastic effects include
carcinogenesis and genetic mutation.
This type of effect is of particular con-
cern because it may occur at any dose
and there is no threshold dose at
which it occurs. However, the lower
the dose received, the lower the inci-
dence of consequences that will de-
velop. The principle of ALARA is
based on this concept.

The deterministic effects do have a
threshold dose, and beyond this
threshold, the severity is directly re-
lated to the dose (ie, cataracts, skin
burns) (5,6).

In fluoroscopy, the exposure to ion-
izing radiation can be diminished in
several ways, including judicious use
of fluoroscopy, use of intermittent or
pulsed fluoroscopy, holding of the last
image, reduction of field size (ie, col-

limation), and minimization of field
overlap (3). The use of intermittent flu-
oroscopy can diminish the radiation
by 20%-70% (7). Additional methods
described include minimization of the
distance between the patient and the
intensifier, maximization of the dis-
tance between the patient and the op-
erator, choice of appropriate parame-
ters to operate the machine, and use of
movable lead surface shields (8,9) and
shielded gloves (10,11).

The purpose of our study was to
evaluate radiation exposure with and
without a novel shielding device dur-
ing interventional radiology proce-
dures in the angiography suite for the
patient and operator.

MATERIALS AND METHODS

A human adult anthropomorphic
phantom (The Phantom Laboratory,
Salem, NY) consisting of a torso and
head was used that was constructed
from a proprietary urethane formula-
tion with an effective mass density
that closely simulated muscle tissue
with randomly distributed fat. This
urethane encased a chest, abdomen,
pelvis, and cranial skeleton. The phan-
tom was composed of 35 axial slices,
each 2.5 cm thick, that extended from
the head to the proximal aspect of the
thigh. Some of the slices were taped
together, leaving two separate spaces
at the neck and pelvis in which dosim-
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Figure 1. Scatter radiation to the thyroid of the phantom was measured with a dosimeter
(gray arrow) by placing the sensor (white arrow) superficial to the neck with and without
a shielding pad. During simulated celiac artery image acquisition in the phantom, single
and double layers of the shielding pad were placed beneath the head /neck region (black
arrow).

Figure 2. Scatter radiation to phantom patient ovaries was measured with a dosimeter
(gray arrow) by placing the sensor (white arrow) deep in the pelvic cavity with and
without a shielding pad. During simulated jugular venous access in the phantom, single
and double layers of the shielding pad were placed underneath the pelvic area (black
arrow) between the phantom and the table.

eters were placed to estimate the radi-
ation exposure to the thyroid and
male/female gonads.

The dosimeter (Model EDD-30; Ed-
ucational Direct Dosimeter; Unfors In-
struments, Billdal, Sweden) provided
immediate exposure dose measure-
ment and could be reset rapidly. A
long cable was used to connect the
small sensor to the display unit. This
arrangement allowed the detector to
be placed on the surface of the phan-
tom or between individual slices to
provide an estimated dose measure-
ment of the organs of interest and
spend less time on resetting the do-
simeter. Also, the sensor had a spher-
ical response system that can measure
radiation exposure from all angles.
The dose range of the dosimeter was
from 10 nGy to 9,999 Gy with a start
trigger level of 15 nGy/sec and an end
trigger level of 10 nGy/sec.

The shielding device investigated
(RadPad; Worldwide Innovations and
Technologies, Overland Park, KS) con-
sisted of a single- and double-layer
tungsten antimony material (a steel-
gray to tin-white metal) within a pro-
prietary sterilizable polymer sheet
measuring 12 inches by 17 inches, less
than 1 mm thick, and less than 1
pound in weight. The pad is currently
commercially available for $39 US per
pad (verbal communication, World-
wide Innovations and Technologies,
February 2006).

The study was conducted in an in-
terventional radiology suite with use
of an Integris V3000 unit (Philips,
Bothell, WA). Automated settings for
fluoroscopy and angiographic image
acquisitions used were as follows: for
fluoroscopy, the calibrations were 60
kVp and 68 kVp with 5.2 mA and 6.8
mA; those for angiography were 67-75
kVp with 6.5-8.1 mA.

PHANTOM PATIENT
SHIELDING

Institutional review board approval
was not obtained because our institu-
tion does not require such approval
for phantom studies.

To reduce scattered radiation to go-
nads and thyroid, the shielding device
was placed between the procedure ta-
ble and the phantom patient (head/
neck and pelvic area) while proce-
dures were simulated at the thorax/
abdomen level. The dosimeter sensor
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Figure 3. Scatter radiation to the operator with and without a shielding pad was
measured with a dosimeter (gray arrow) with the sensor (white arrow) placed every 25-200
cm on a tape measure (squared arrow). The phantom was imaged during a celiac artery
image acquisition with use of single and double layers of the shielding pad by placing the
pad(s) above the phantom between the phantom and the operator (black arrow).

Table 1
Fluoroscopy Procedures: Protocol Settings
Type of Procedure kVp mA Time (Total)
Venous access fluoroscopy 68 6.8 15 sec, 30 sec, 1 min, 2 min, 3 min,
and 5 min
Arterial access fluoroscopy 60 5.2 15 sec, 30 sec, 1 min, 2 min, 3 min,

5 min, 10 min

was placed in the organs being stud-
ied (Figs 1, 2).

the phantom and the operator, adja-
cent to the scanned area of interest
(Fig 3). The dosimeter was placed at a
height of 110 cm above ground (esti-

OPERATOR SHIELDING ma%ed height of the operagtor’s hands).
Shielding material was placed Radiation doses were measured from
above the phantom patient, between the epicenter of the radiation field

(center of image intensifier) starting at
25 cm with subsequent increments of
25-200 cm (Fig 3).

For both studies, the anthropomor-
phic phantom was in the supine posi-
tion, and several different measure-
ments were obtained. At first, no
shielding protections were used to ob-
tain the baseline scattered radiation
measurements to phantom patient and
operator, which served as a control.
Subsequently, single and double lay-
ers of the tungsten antimony shielding
material were placed in the corre-
sponding position for phantom pa-
tient and operator shielding, followed
by multiple readings of scatter radia-
tion. Several routine fluoroscopic and
angiographic procedures were simu-
lated and tested (Tables 1, 2). Radia-
tion doses were also measured during
simulated chest tube placement, ab-
dominal drainage procedures, and
various arterial and venous access
procedures. The image intensifier was
placed over the upper chest wall (cen-
tered slightly to the right of midline)
to simulate right internal jugular vein
and right subclavian vein access de-
vice placement procedures and placed
over the mid-abdomen to simulate se-
lective arterial access and angiogra-
phy, such as to the celiac axis, hepatic
artery, splenic artery, and superior
mesenteric artery.

The results were obtained with the
tungsten antimony shield placed with
the corresponding phantom and oper-
ator shielding technique as described
earlier while adequate image quality
was maintained.

RESULTS

Phantom patient and operator scat-
ter radiation doses were markedly re-
duced with the placement of a tung-
sten antimony shield compared with
the presence of no shield.

Phantom Patient

Maximum scattered radiation doses
to the lens, male gonads, female go-
nads, and thyroid gland with and
without shielding were documented
for the adult phantom during an an-
giographic run of the celiac trunk (Ta-
ble 3). With the use of a two-layer
shield, the following phantom patient
dose reductions were observed: 41%
for lenses, 73% for female gonads, 94%
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anterior oblique runs

Table 2
Angiography Procedures: Protocol Settings
Frames/second
Type of Procedure kVp mA for seconds

Celiac artery run 74 8.1 6 for 2, 4 for 2, 1 for 10
Pulmonary run 67 7.8 6 for 6, 3 for 3, 1 for 10
Pulmonary magnification run 75 6.5 6 for 6, 3 for 3, 1 for 10
Pulmonary left and right 75 6.5 6 for 6, 3 for 3, 1 for 10

Table 3

Artery Angiographic Runs (mGy)

Scatter Radiation to Phantom Patient with and without Shielding during Celiac

Shielding

Area of

Phantom None One Layer Two Layers
Female gonad 142.3 61.79 38.12
Male gonad 40.86 6.724 2.608
Lens 4.147 3.269 2.449
Thyroid 33.77 26.97 21.94
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Figure 4. Logarithm scale: the decrease of scatter radiation to the phantom patient
during celiac artery image acquisition as described in Table 2 with use of single and
double layers of the tungsten antimony shielding device in the patient.

for male gonads, and 35% for the thy-
roid gland (Fig 4).

The scatter radiation to the same
organs was also measured during ar-
terial visceral fluoroscopy at the same
level at different times (Table 4). At 2
minutes with a two-layer shield, the
following dose reductions were ob-
served: 41% for female gonads, 60%
for male gonads, 100% for the lens,
and 45% for the thyroid (Fig 5). After
10 minutes of radiation exposure with
the two-layer shield, a dose reduction
of 39% was seen in the female gonad

and thyroid gland. At 10 minutes, the
lens remained 100% protected, and the
male gonad showed a dose reduction
of 57% with shielding.

Operator

Several factors influence doses to
the operator during any interventional
procedure, including the distance
from the radiation source (ie, center of
the image intensifier), which is gener-
ally approximately 25-50 ¢m in an-
giography procedures. In our study,

an abdominal angiographic image ac-
quisition was tested with and without
placement of the shielding device be-
tween the phantom and the operator
(Table 5). Recorded scattered radia-
tion to the operator demonstrated
dose reductions of 87% and 84%, re-
spectively, with a single-layer shield at
25 cm and 50 cm. In addition, maxi-
mum reductions in scattered radiation
of 90% and 96% were registered at the
same distances with use of a double-
layer shield (Fig 6).

During fluoroscopy, use of the
shielding device was also associated
with a remarkable decrease of radia-
tion dose to the operator. Without the
tungsten antimony protection, scatter
radiation was detected even at 2
meters from the radiation source (Ta-
ble 6). However, with use of only a
single-layer shielding device, no scat-
ter radiation was measurable in the
phantom operator beyond 1 meter
from the radiation source. At 25 cm, 50
cm, and 1 meter, the dose reductions
with a single layer of shielding mate-
rial were 47%, 71%, and 95%, respec-
tively. Conversely, when the double-
layer shield was tested, no radiation
was measured when the operator dis-
tance was more than 50 cm, and reduc-
tions of 58% and 89% were seen with
operator distances of 25 cm and 50 cm,
respectively (Fig 7).

DISCUSSION

Radiology procedures are not free
of risk. Radiation affects not only the
patient but also the radiologist and
other health care personnel. In the past
30-40 years, there has been a decrease
in the occupational radiation dose for
radiologists and radiology personnel.
However, an exception to this de-
crease includes radiologists and per-
sonnel in the area of interventional
radiology (12). The cause is the devel-
opment of new and more complex
time-consuming procedures such as
angioplasty, stent placement, trans-
jugular intrahepatic portosystemic
shunt procedures, chemoembolization,
embolization, declotting, and thrombol-
ysis, which may increase the x-ray dos-
age and require the physicians and staff
to be near the patient and the x-ray tube
for prolonged periods of time.

Radiologists should use radiation
safety techniques to minimize the ion-
izing radiation. Even when a trained
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Figure 5. Decrease of radiation to specific organs of the phantom
patient during 2 minutes of arterial fluoroscopy with and without

the tungsten shielding device.
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Figure 6. Logarithm scale: scatter radiation reduction to the op-
erator during celiac artery image acquisition with use of single and

double layers of the tungsten antimony shielding device.

Table 4
Scatter Radiation to Phantom Patient with and without Shielding During Arterial
Fluoroscopy (mGy)
Time
Area of 15 30 1 2 3 5 10
Phantom Seconds Seconds Minute Minutes Minutes Minutes Minutes
Male Gonad
No shield 0.733 1.486 2.984 6.003 9.033 15.04 30.04
One layer 0.55 1.12 2.277 4.593 6.87 11.49 23.19
Two layers  0.306 0.578 1.153 2.375 3.596 6.19 12.64
Female Gonad
No shield 5.407 11.06 22.28 44.85 67.24 112.2 2245
One layer 5.087 10.25 20.5 41.1 61.65 102.7 205.6
Two layers  3.291 6.338 129 26.48 40.1 67.89 137.1
Lens
No shield 0 0 0 0.696 1.338 2.71 6.083
One layer 0 0 0 0 0 0 0
Two layers 0 0 0 0 0 0 0
Thyroid
No shield 0.6 1.168 2.338 4.747 7.14 11.97 23.54
One layer 0.395 0.755 1.532 3.168 4.818 8.24 16.8
Two layers 0.347 0.663 1.377 2.799 4.241 7.162 14.43

Table 5

Scattered Radiation to the Operator
with and without Shielding During a
Celiac Artery Image Acquisition
(nGy)

Shielding
Distance One Two
(cm) None Layer Layers
25 172.3 21.47 16.31
50 49.97 7.753 2.014
Table 6

Scatter Radiation to the Operator with
and without Shielding during Arterial
Access Fluoroscopy (uGy)

operator uses modern fluoroscopic
equipment with dose-reducing tech-
nology, a significant percentage of
procedures can result in radiation
doses to the patient and operator that
can potentially have future clinical
consequences (13). With this in mind,
a safe and efficient use of radiation
should be used in therapy, diagnosis,
and research.

A study of risk of cancer develop-
ment from exposure to medical radio-
logic tests (14) estimated it to be
0.6%-3% of all cancers, with Japan
leading in risk secondary to major use
of radiographic medical imaging. In
the United States, the Nuclear Regula-
tory Commission controls the occupa-
tional and nonoccupational radiation
exposure limits to prevent determinis-

tic and stochastic effects. The deter-
ministic effects could be avoided using
a radiation exposure less than 500 mSv
per year, and to prevent the stochastic
effects, the radiation should not ex-
ceed 50 mSv per year (15). The Bio-
logic Effects of Ionizing Radiation re-
port number 7 (16), the most recent
and comprehensive publication con-
cerning radiation health effects, re-
viewed the available biologic and bio-
physical data supporting the Linear
No-Threshold risk model: that the risk
of cancer proceeds in a linear fashion
at lower doses without a threshold
and that the smallest dose has the po-
tential to cause a small increase in risk
to humans. Biologic Effects of Ionizing
Radjiation report number 7 (16) defines
low radiation between zero and ap-

Shielding
Distance One Two
(cm) None Layer  Layers
25 16.24 8.684 6.782
50 8.942 2.566 1.029
75 4.769 1.194 0
100 2.721 0.135 0
125 1.766 0 0
150 1.192 0 0
175 0.917 0 0
200 0.515 0 0

proximately 100 mSv. For example,
people in the United States are ex-
posed to annual background radiation
levels of approximately 3 mSv; 58% of
the man-made radiation dose to pa-
tients comes from medical x rays; flu-
oroscopy exposure from a whole-body
computed tomography scan is approx-
imately 10 mSv; and exposure from a
chest radiography procedure is ap-
proximately 0.1 mSv. Exposures at low
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Figure 7. Scatter radiation dose reduction to the operator during arterial access fluoros-
copy with use of single and double layers of the tungsten antimony shielding device. No
scatter radiation was found for the operator at 100 cm (1 m) from the radiation source for

single and double shielding layers.

levels of ionizing radiation (approxi-
mately 100 mSv) are responsible for
approximately 1% of cancers (solid
cancers or leukemia) in humans,
whereas approximately 42% result
from other causes like dietary, genetic,
and environmental factors such as nat-
ural background radiation (16).
Although actual exact low-dose ra-
diation risk is unknown, radiologists
should be aware of different tech-
niques, methods, and devices that can
be applied synergistically to diminish
scatter radiation. Available shielding
methods include gloves, glasses, aprons,
and floor- and ceiling-mounted barriers.
This concept of attenuating scattered
radiation from patient to operator is
not new and has been studied previ-
ously with the use of lead (8). The
density of a radiation shielding mate-
rial determines its penetration by x
rays. The denser the material, the
more x-ray intensity is reduced (17).
Lead has a very high density property;
it has been used to provide shielding
from x rays for many years and still is
an effective protection. But other ele-
ments like tungsten, tantalum, and
bismuth have more density than lead
and consequently provide a more
valuable barrier to x rays. The use of
bismuth as a radiation shield has been
reported and has shown valuable pro-
tection from scatter radiation (18). We
have found that tungsten antimony
shields are ergonomic and reduce oc-

cupational exposure without increas-
ing staff workload or apron weights.

One possible limitation of our
study was the sensitivity threshold
and the digital rounding of the dosim-
eter we used. Obviously, extrapolation
of the study results to real procedural
dosages requires unvalidated assump-
tions related to procedure simulations.
It is also possible that our simulation
underestimated the doses required
when extremely difficult procedures
are encountered or with inexperienced
operators.

With the lead-free, lightweight, and
disposable one- or two-layer tungsten
antimony shielding used according to
the technique described herein, the
protection from scatter radiation for
the patient and operator is simple, af-
fordable, and effective.
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Errata

In the March 2006 letter to the Editor entitled “Sloughing of Intraductal Tumor Thrombus of
Hepatocellular Carcinoma after Transcatheter Chemoembolization Causing Obstructive Jaundice
and Acute Pancreatitis” | Vasc Interv Radiol 2006; 17:583-585, there is an error in the name of the
eighth author. The corrected author list is as follows:

Takao Hiraki, MD, Jun Sakurai, MD, Hideo Gobara, MD, Hirofumi Kawamoto, MD, Takashi Mukai,
MD, Soichiro Hase, MD, Toshihiro Iguchi, MD, Hiroyasu Fujiwara, MD, Nobubhisa Tajiri, MD,
Yasushi Shiratori, MD, and Susumu Kanazawa, MD

In the June 2006 article entitled “Midterm Follow-up of a Single-center Experience of Endovascular
Repair of Abdominal Aortic Aneurysms with Use of the Talent Stent-Graft” J Vasc Interv Radiol
2006; 17:973-977, there is an error in the name of the seventh author. The corrected author list is as
follows:

Dare Mutiyu Seriki, MRCP, FRCR, Raymond ]. Ashleigh, FRCS, FRCR, J. S. Butterfield, MRCP,
FRCR, Andrew England, BSc, Charles N. McCollum, FRCS, Nasim Akhtar, MD, FRCS and Mark
Welch, FRCS







SUBSTANCE PROFILES

lonizing Radiation
Introduction

Radiation that has sufficient energy to remove electrons from atoms is
called “ionizing radiation.” ITonization results in the production of
negatively charged free electrons and positively charged ionized atoms.
Tonizing radiation can be classified into two groups: photons (includes
X-radiation and gamma radiation) and particles (includes alpha and
beta particles and neutrons). The radioactive compound thorium
dioxide, which decays by emission of alpha particles, was first listed in
the Second Annual Report on Carcinogens (1981), and radon and its
most common isotopic forms (radon-220 and radon-222), which also
emit primarily alpha particles, were first listed in the Seventh Annual
Report on Carcinogens (1994). Three types of ionizing radiation
(X-radiation, gamma radiation, and neutrons) were first listed in the
Eleventh Report on Carcinogens (2004). X-radiation and gamma
radiation are included in one listing. The profiles for X-radiation and
gamma radiation, neutrons, radon, and thorium dioxide, which are
listed as known to be human carcinagens, follow this introduction.

X-Radiation and Gamma Radiation*

Known to be Human Carcinogens
First Listed in the Eleventh Report on Carcinogens (2004)

Carcinogenicity

X-radiation and gamma radiation are known to be human carcinogens
based on sufficient evidence in humans. Epidemiological studies of
radiation exposure provide a consistent body of evidence for the
carcinogenicity of X-radiation and gamma radiation in humans.
Exposure to X-radiation and gamma radiation is most strongly
associated with leukemia and cancer of the thyroid, breast, and lung;
associations have been reported at absorbed doses of less than 0.2 Gy
(see “Properties,” below, for explanation of radiation dose
measurement). The risk of developing these cancers, however, depends
to some extent on age at exposure. Childhood exposure is mainly
responsible for increased leukemia and thyroid-cancer risks, and
reproductive-age exposure for increased breast-cancer risk. In addition,
some evidence suggests that lung-cancer risk may be most strongly
related to exposure later in life. Associations between radiation exposure
and cancer of the salivary glands, stomach, colon, bladder, ovary, central
nervous system, and skin also have been reported, usually at higher
doses of radiation (1 Gy) (Kleinerman e 2. 1995, Ron 1998, Ron ¢t al.
1999, Brenner et a/. 2000, Garwicz et al. 2000, Lichter et 2l 2000, Sont
et al. 2001, Yeh et al. 2001, Bhatia et al. 2002).

The first large study of sarcomas (using the U.S. Surveillance,
Epidemiology, and End Results cancer registry) (Yap ez al. 2002) added
angiosarcomas to the list of radiation-induced cancers occurring within
the field of radiation at high therapeutic doses. Two studies, one of
workers at a Russian nuclear bomb and fuel reprocessing plant (Gilbert
et al. 2000) and another of Japanese atomic-bomb survivors (Cologne ez
al. 1999), suggested that radiation exposure could cause liver cancer at
doses above 100 mSv (in the worker population especially with
concurrent exposure to radionuclides). Among the atomic-bomb
survivors, the liver-cancer risk increased linearly with increasing radiation
dose. A study of children medically exposed to radiation (other than for
cancer treatment) provided some evidence that radiation exposure during
childhood may increase the incidence of lymphomas and melanomas. In
addition, chronic lymphatic leukemia, Hodgkin’s disease (malignant
lymphoma), and cancer of the cervix, prostate, testis, and pancreas are
generally considered not to be associated with radiation exposure.

REPORT ON CARCINOGENS, ELEVENTH EDITION

X-radiation and gamma radiation are clearly carcinogenic in all
species of experimental animals tested (mouse, rat, and monkey for X-
radiation and mouse, rat, rabbit, and dog for gamma radiation).
Among these species, radiation-induced tumors have been observed in
about 17 tissues or organs, including those observed in humans (i.c.,
leukemia, thyroid gland, breast, and lung) (IARC 2000).
Susceptibility to induction of benign and malignant tumors depends
on tissue site, species, strain, age, and sex. Early prenatal exposure does
not appear to cause cancer, but exposure at later stages of prenatal
development has been reported do so. It has been suggested that
radiation exposure of mice before mating increases the susceptibility of
their offspring to cancer, but study results are conflicting.

Additional Information Relevant to Carcinogenicity

X-radiation and gamma radiation have been shown to induce a broad
spectrum of genetic effects, including gene mutations, minisatellite
mutations (changes in numbers of tandem repeats of DNA sequences),
micronucleus formation (a sign of chromosome damage or loss),
chromosomal aberrations (changes in chromosome structure or number),
ploidy changes (changes in the number of sets of chromosomes), DNA
strand breaks, and chromosomal instability. Genetic damage by X-
radiation or gamma radiation has been observed in humans exposed
accidentally, occupationally, or environmentally, in experimental animals
exposed 77 vivo, and in cultured human and other mammalian cells. X-
radiation and gamma radiation induce genetic damage in somatic cells
and transmissible mutations in mammalian germ cells (sperm and egg
cells and their precursors). The DNA molecule may be damaged directly,
by interaction with ionizing radiation, or indirectly, by interaction with
reactive products of the degradation of water by ionizing radiation (i.e.,
free electrons, hydrogen free radicals, or hydroxyl radicals) (IARC 2000,
NTP 2003). The observed genetic damage is primarily the result of
errors in DNA repair, but may also arise from errors in replication of
damaged DNA. Epigenetic mechanisms (factors other than the primary
DNA sequence) that alter the action of genes also may be involved in
radiation-induced carcinogenesis. Proposed mechanisms for delayed or
indirect radiation-induced genetic damage include genomic instability,
induction of mutations by irradiation of the cytoplasm of the cell, and
“bystander effects,” in which genetic damage is induced in cells that were
not directly exposed to ionizing radiation, apparently through cell
signaling pathways.

Properties

As forms of electromagnetic radiation, X-rays and gamma rays are
packets of energy (photons) having neither charge nor mass. They have
essentially the same properties, but differ in origin. X-rays are emitted
from processes outside the nucleus (e.g., bombardment of heavy atoms
by fast-moving electrons), whereas gamma rays originate inside the
nucleus (during the decay of radioactive atoms). The energy of ionizing
radiation is expressed in electronvolts (¢V), a unit equal to the energy
acquired by an electron when it passes through a potential difference of
1 volt in a vacuum; 1 eV = 1.6 x 10°Y? joules (J) (IARC 2000).

The energy of X-rays typically ranges from 5 to 100 keV. Lower in
energy than gamma rays, X-rays are less penetrating; a few millimeters
of lead can stop medical X-rays. The energy distribution of X-
radiation is continuous, with a maximum at an energy about one third
that of the most energetic electron. The energy of gamma rays
resulting from radioactive decay typically ranges from 10 keV to 3
MeV. Gamma rays often accompany the emission of alpha or beta
particles from a nucleus. Because of scattering and absorption within
the radioactive source and the encapsulating material, the emitted
photons have a relatively narrow energy spectrum (i.e., are
monoenergetic). Gamma rays are very penetrating; they can easily pass
through the human body, but they also can be absorbed by tissue.
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Several feet of concrete or a few inches of lead are required to stop the
more energetic gamma rays (BEIR V 1990).

As photons interact with matter, their energy distribution is altered
in a complex manner as a result of energy transfer. The amount of
energy deposited by ionizing radiation per unit of path length in
irradiated material is called the “linear energy transfer” (LET),
expressed in units of energy per unit length (e.g., kiloelectronvolts per
micrometer). X-rays and gamma rays are considered low-LET
radiation. In tissue, they transfer their energy primarily to electrons.
Compared with high-LET radiation (such as neutrons and alpha
particles), low-LET radiation tends to follow more tortuous paths in
matter, with more widely dispersed energy deposition.

Use

X-rays, gamma rays, and materials and processes that emit X-rays and
gamma rays are used in medicine, the nuclear power industry, the
military, scientific research, industry, and various consumer products.

Medical use of ionizing radiation in both diagnosis and therapy has
been widespread since the discovery of X-rays by Wilhelm Conrad
Roentgen in 1895, and radioactive sources have been used in radiotherapy
since 1898. Advances in the latter half of the 20th century increased the
use of medical radiation, and some newer techniques, particularly
radiotherapy, computed tomography, positron emission tomography, and
interventional radiation involving fluoroscopy, use higher radiation doses
than do standard diagnostic X-rays. Radiation therapy may involve use of
external beams of radiation, typically high-energy X-rays (4 to 50 MeV)
and cobalt-60 gamma rays (UNSCEAR 2000).

Military uses of materials and processes that emit X-radiation and
gamma radiation include the production of materials for nuclear
weapons and the testing and use of nuclear weapons. In 1945, atomic
bombs were detonated over Hiroshima and Nagasaki, Japan. Between
1945 and 1980, nuclear weapons were tested in the atmosphere of the
northern hemisphere; during the most intense period of testing, between
1952 and 1962, approximately 520 tests were carried out (IARC 2000).

Several industrial processes use ionizing radiation. Industrial
radiography uses gamma radiation to examine welded joints in structures.
In the oil industry, gamma radiation or neutron sources are used to
determine the geological structures in a bore hole (a process called “well
logging”) (NCRP 1989). Ionizing radiation also is used to sterilize
products and irradiate foods (to kill bacteria and parasites) (IARC 2000).

Ionization-type smoke detectors contain americium-241 (4Am),
which emits gamma radiation and alpha particles. In the past, detectors
with up to 3.7 megabecquerels (MBq) of 24'Am were used in
commercial and industrial facilities, but current smoke detectors contain
less than 40 kBq (IARC 2000). Television sets emit low-energy X-rays
through a process by which electrons are accelerated and bombard the
screen (ATSDR 1999). Other products containing sources of ionizing
radiation (of unspecified types) include radioluminescent clocks and
watches, gaseous tritium light devices (e.g., self-luminous signs),
thoriated gas lamp and lantern mantles, radioactive attachments to
lightning conductors, static elimination devices, fluorescent lamp
starters, porcelain teeth, gemstones activated by neutrons, and thoriated
tungsten welding rods. All of these products have restrictions as to the
maximum radioactivity allowable in the product and contribute little to
the overall population exposure to ionizing radiation (IARC 2000).

Sources

The most important sources of X-radiation and gamma radiation
include natural sources, medical uses, atmospheric nuclear weapons
tests, nuclear accidents, and nuclear power generation. lonizing
radiation is present naturally in the environment from cosmic and
terrestrial sources. Cosmic radiation is a minor source of exposure to X-
radiation and gamma radiation; most natural exposure is from
terrestrial sources. Soil contains radioactivity derived from the rock

from which it originated. However, the majority of radioactive
elements are chemically bound in the earth’s crust and are not a source
of radiation exposure unless released through natural forces (e.g.,
earthquake or volcanic activity) or human activities (e.g., mining or
construction). Generally, only the upper 25 cm of the earth’s crust is
considered a significant source of gamma radiation. Indoor sources of
gamma radiation may be more important than outdoor sources if earth
materials (stone, masonry) were used in construction (IARC 2000).

Exposure

Biological damage due to ionizing radiation is related to dose and dose
rate, which may affect the probability that cancer will occur (IARC
2000). Radiation dose is a measure of the amount of energy deposited
per unit mass of tissue and may be expressed as the absorbed dose,
equivalent dose, or effective dose. The standard unit for absorbed dose is
the gray (Gy), which is equal to 1 J/kg of deposited energy. The absorbed
dose formerly was expressed in rads (I Gy = 100 rads). The biological
effect of high-LET radiation is greater than that of low-LET radiation at
the same absorbed dose; therefore, a dose measurement independent of
radiation type was derived to reflect the biological effectiveness of
radiation in causing tissue damage. The “equivalent dose” (also known as
the “dose equivalent”) is obtained by multiplying the absorbed dose by a
radiation weighting factor (WR; formerly called the “quality factor”).
Radiation weighting factors are assigned to radiation of different types
and energies by the International Commission on Radiological
Protection based on their biological effects relative to those of a reference
radiation, typically X-rays or gamma rays; WR ranges from 1 (for low-
LET radiation) to 20 (for high-LET radiation). The standard unit for the
equivalent dose is the sievert (Sv). The equivalent dose formerly was
expressed in rems (1 Sv = 100 rem). Because WR = 1 for both X-rays and
gamma rays, the absorbed and equivalent doses are the same (ICRP
1991). Another measurement, the “effective dose,” takes into account the
fact that the same equivalent dose of radiation causes more significant
biological damage to some organs and tissues than to others. Tissue
weighting factors (WT) are assigned to different organs and tissue types,
and the effective dose is calculated as the sum of the tissue-weighted
equivalent doses in all exposed tissues and organs in an individual. The
effective dose is expressed in sieverts. The collective radiation dose
received by a given population may be expressed as the “collective
equivalent dose” (also known as the “collective dose equivalent”), which
is the sum of the equivalent doses received by all members of the
population, or as the “collective effective dose,” which is the sum of the
effective doses received by all members of the population. Both the
collective equivalent dose and the collective effective dose are expressed in
person-sieverts.

All individuals are exposed to ionizing radiation from a variety of
natural and anthropogenic sources. Of the general population’s exposure
to all types of ionizing radiation (not just X-radiation and gamma
radiation), natural sources contribute over 80%; radon gas and its decay
products account for about two thirds of natural exposure, and the other
third is from cosmic radiation, terrestrial radiation, and internally
deposited radionuclides. The remaining exposure to ionizing radiation is
from anthropogenic sources, such as medical procedures (15%),
consumer products (3%), and other sources (totaling less than 1%),
which include occupational exposures, nuclear fallout, and the nuclear
fuel cycle (BEIR V 1990). In 2000, the worldwide estimated average
annual per-capita effective doses of ionizing radiation (of any type) were
2.4 mSv (with a range of 1 to 20 mSv) for natural background exposure
and 0.4 mSv (with a range of 0.04 to 1 mSv) for medical diagnostic
exposure. Average annual effective doses from past atmospheric nuclear
testing, the nuclear power plant accident in Chernobyl, Ukraine, and
nuclear power production were only 0.005 mSv, 0.002 mSv, and 0.0002
mSv, respectively (UNSCEAR 2000). Of the estimated worldwide
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exposure to X-radiation and gamma radiation, about 43% is from
natural sources and about 55% from medical diagnosis and treatment; all
other sources contribute less than 2% (UNSCEAR 1993, IARC 2000).

Radiation exposure from medical uses is much more variable than
that from natural background radiation (even though the latter varies
considerably among locations) because of marked differences in the
quality of medical care among cultures. In the more developed
nations, higher percentages of the population receive regular medical
care, and thus exposures from diagnostic radiology and radiotherapy
tend to be higher than in developing nations. Exposure to diagnostic
X-rays varies but generally is low; plain film examinations of the chest
and extremities involve relatively low effective doses (0.05 to 0.4
mSv), whereas examinations of the abdomen and lumbar spine or
pelvis may result in higher effective doses (1 to 3 mSv). Radiation
therapy uses much larger doses of radiation than do diagnostic
procedures. For example, treatment for leukemia usually involves
irradiation of the total bone marrow, with absorbed doses of about 10
to 20 Gy delivered in several fractions (UNSCEAR 2000).

Excluding uranium miners and other workers whose radiation
exposure is individually monitored, approximately 5 million people
(worldwide) are occupationally exposed to natural sources of ionizing
radiation (of any type) at levels above the natural background. About
75% are coal miners (whose estimated average annual effective dose is
1 to 2 mSv), about 13% are other underground miners (whose
estimated average annual dose is 1 to 10 mSv), and about 5% are
airline crews (who receive an estimated average annual dose of up to 3
mSv). Miners are exposed mainly through inhalation of radon; thus,
they are exposed primarily to alpha particles, but also to gamma
radiation. Airline crews are exposed primarily to gamma radiation, but
also to neutrons (UNSCEAR 1993, IARC 2000).

Medical workers may be exposed to many different types of
radionuclides and radiation. In the carly 20th century before radiation
hazards were recognized, radiologists were exposed to high doses of X-
radiation (IARC 2000). The first dose limit established for radiologists
in 1902 allowed exposure of approximately 30 Gy per year (Mabuchi
2002), but doses are now much lower (< 1 mSv) (Mostafa ez al.
2002). From 1985 to 1989, the average annual effective dose of ionizing
radiation to medical workers was about 0.5 mSv (UNSCEAR 1993).
Other settings with potential for occupational exposure to ionizing
radiation include the nuclear industry, military activities, research
laboratories, and various industries where radioactive materials or
radiography are used (IARC 2000).

Regulations

DOT

Rules have been set governing the marking, labeling, packaging, handling, and
transportation of radioactive materials

EPA

Clean Air Act:

Emissions of radionuclides, other than radon, to the air shall not exceed those
amounts that would cause any member of the public to receive in a year an
effective dose equal to or greater than 10 mrem

Comprehensive Environmental Response, Compensation, and Liability Act:

Reportable Quantity (RQ) = 0.001-1,000 curies (range for 758 radionuclides)*

Marine Protection, Research, and Sanctuaries Act:

Ocean disposal of high level nuclear waste is prohibited and any request for ocean
disposal of low level waste requires a permit that must be approved by both
houses of Congress

Nuclear Waste Policy Act:

Numerous requirements have been set that will limit the total amount of radiation
entering the environment from the Yucca Mountain site for over 10,000 years

Disposal systems for waste shall be designed to provide a reasonable expectation
that for 10,000 years after disposal any member of the general population in the
general environment shall not receive a combined annual dose of radiation
greater than 15 mrem

Regulations have been developed to limit radiation releases from disposal systems
for spent nuclear fuel of high-level or transuranic nuclear waste
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Resource Conservation and Recovery Act:

Radioactive waste mixed with various specified RCRA hazardous wastes are pro-
hibited from land disposal

Safe Drinking Water Act:
Maximum Contaminant Level (MCL) = 4 mrem (beta particle and photon activity)

The EPA also has authority under the Atomic Energy Act, the Low-Level Radioactive
Waste Policy Act, the Waste Isolation Pilot Plant Land Withdrawal Act, the Clean
Water Act, and the Public Health Service Act to regulate radioactive contaminants
in the environment.

FDA

Rules have been set that govern ionizing radiation for the treatment of foods for
human consumption and the production and processing of animal feed and pet food

Performance standards have been set for ionizing radiation-emitting, light-emitting,
and sonic and ultrasonic products

Rules have been established for use of radioactive drugs in research

Rules have been set for radiology and diagnostic therapeutic devices including
mammography

NRC

Standards for Protection Against Radiation: Occupational radiation dose limits for
adults = 5 rem/yr (total effective dose) or 50 rems (sum of the deep-dose equivalent
to any individual organ or tissue other than the lens of the eye); 15 rems (eye-lens
dose equivalent); 50 rems (shallow-dose equivalent to the skin or any other
extremity). Additional limits have been established for minors and fetuses/embryos

Requirements have been set for the medical use of radioactive material and the
issuance of licenses authorizing use of the material

Requirements have been set for the packaging, preparing for shipping, and
transporting of licensed radioactive material

Rules have been established governing the receiving and storing of radioactive
materials in geological repasitories

OSHA

Comprehensive regulations have been set for workers exposed to ionizing radiation
(including both X- and gamma-radiation) which include monitoring requirements,
restricting areas with radiation, established exposure limits, and various
precautionary procedures

Guidelines

ACGIH

Effective Dose = 50 mSv (single year); 20 mSv (averaged over 5 years)

Annual Equivalent Dose = 150 mSv (lens of eye); 500 mSv (skin); 500 mSv (hands and feet)

Embryo-fetus exposures once the pregnancy is known = 0.5 mSv (monthly equivalent
dose); 2 mSv (dose to surface of women's abdomen for remainder of pregnancy);
1/20 of Annual Limit on Intake (ALI) for radionuclides

See Introduction for information on where to obtain additional detail on
regulations and guidelines.

*No separate CAS registry number assigned to X-radiation and
gamma radiation.
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terventional procedures has resulted
in dramatic increments in x-ray ex-
posure and physical demands that
predispose interventionists to dis-
tinct occupational health hazards (1-
5). The hazards of accumulated radi-
ation exposure have been known for
years, but until recently the other po-
tential risks have been ill-defined
and underappreciated (1-11). The
physical stresses inherent in this ca-
reer choice appear to be associated
with a predisposition to orthopedic
injuries, attributable in great part to
the cumulative adverse effects of
bearing the weight and design of
personal protective apparel worn to
reduce radiation risk, and to the poor
ergonomic design of interventional
suites (1,3-5,12,13). These occupa-
tional health concerns pertain to car-
diologists, radiologists, and sur-
geons working with fluoroscopy;
pain management specialists per-
forming nonvascular fluoroscopic
procedures; and the many support
personnel working in these environ-
ments.

Daily exposure to radiation, or-
thopedically burdensome personal
protective apparel that is only partly

protective, and poor ergonomic de-
sign of fluoroscopic equipment and
procedure rooms constitute the “in-
convenient truth” of our profession.
When we chose an invasive career,
we accepted these risks as “the cost
of doing business.” Day to day, most
of us try to ignore what we cannot
see, even to the extent of not wearing
the required radiation badges, afraid
to know the truth, or even worse to
be pulled out of the laboratory as a
result of “excess” monthly expo-
sures. This behavior is counterpro-
ductive. Although radiation expo-
sure for health care workers has
declined as awareness and techno-
logic advances have improved, busy
interventionists not uncommonly ap-
proach or exceed the limits previ-
ously believed acceptable (7).

Efforts to better define the occupa-
tional risks associated with working in a
fluoroscopic laboratory led to the forma-
tion of the Multi-Specialty Occupational
Health Group (MSOHG), whose main
initial goal was to clarify the magnitude
and impact of these occupational health
concerns. Member organizations of the
MSOHG include the Society of Cardiac
Angiography and Interventions, Society
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of Interventional Radiology, Heart
Rhythm Society, American College of
Radiology, American College of Cardi-
ology, Society of Neurolnterventional
Surgery, American Association of Phys-
icists in Medicine, and Society of Inva-
sive Cardiac Professionals. The MSOHG
is collaborating with experts in occupa-
tional health, epidemiology, and radia-
tion effects from the United States Navy
and the Radiation Epidemiology Branch
of the National Cancer Institute to per-
form epidemiologic studies addressing
the fundamental questions important to
all those working in such an environ-
ment.

One purpose of this position paper is
to review the available data delineating
the prevalence of these occupational
health risks and to summarize ongoing
epidemiologic studies designed to fur-
ther elucidate these risks. Another im-
portant purpose is to publicly state that
the interventional laboratory poses
workplace hazards that must be ac-
knowledged, better understood, and
mitigated to the greatest extent possible,
and to advocate vigorously on behalf of
efforts to reduce these hazards.

THE EPIDEMIC OF
ORTHOPEDIC
COMPLICATIONS

Given the effects of spending a
career standing for long hours bear-
ing the weight of heavy personal
protective apparel in positions that
are often ergonomically unsound, it
should not be surprising that one of-
ten walks out of the interventional
laboratory after a busy day feeling
internally satisfied over a job well
done, but externally miserable with
an aching neck and back. Data now
strongly indicate that working in the
interventional laboratory over time
is associated with occupational
health risks, including a high preva-
lence of orthopedic problems, partic-
ularly those related to the spine.
These occupational-related injuries
not uncommonly result in missed
days of work, surgery, and, in some
cases, curtailed careers.

Previous studies (1,3-5,12,13)
have documented occupational or-
thopedic problems associated with
the practice of fluoroscopic-based in-
terventional medicine (Table 1).
What appears to be an epidemic of
orthopedic injuries is believed to be

related to wearing heavy and un-
comfortable personal protective ap-
parel (ie, “lead” aprons) for radiation
protection during procedures. Sur-
veys of cardiologists and radiologists
conclude that there is evidence of a
relationship between wearing leaded
aprons and spine problems (1,3,12,13).
In a 2004 Society of Cardiac Angiogra-
phy and Interventions survey (3),
nearly half of the 424 respondents re-
ported spine problems, an incidence
dramatically higher than the 27.4% in-
cidence of chronic back conditions in
adults in the United States (14). More
than one third indicated their spine
problems had caused them to miss
work (3). One fourth of the respon-
dents reported problems related to
their hips, knees, or ankles. The survey
also found a significant relationship
between the number of years worked
in the cardiac catheterization labora-
tory and the incidence of spine prob-
lems. Previous investigators have
called attention to a distinct occupa-
tional hazard labeled “interventional-
ist’s disk disease” (1), attributing prob-
lems such as orthopedic injuries to the
cumulative effects of bearing the
weight of personal protective apparel
and poorly designed interventional
laboratory environments that promote
awkward and ergonomically unsound
postures (eg, monitors placed outside
the operator’s natural line of sight in
his/her working position).

RADIATION-RELATED
HEALTH ILLNESSES:
IMPLICIT BUT POORLY
DEFINED RISKS

Also of great concern to physi-
cians performing invasive proce-
dures requiring x-ray exposure are
the potential adverse effects of occu-
pational radiation exposure that
may, over time, be associated with
an increased incidence of cataracts,
cancers, and possibly other diseases
(2-11,15-27). Compared with fluoro-
scopically guided diagnostic proce-
dures, interventional procedures are
more complex, lengthier, require the
use of more radiation, and fre-
quently require the use of imaging
views that are unfavorable for oper-
ator exposure (15,16). Recent reports
on the biologic effects of radiation
reaffirm the utility of the linear-no-
threshold model of radiation risk for

solid cancers (17,18). This hypothesis
states that any radiation dose carries
with it an associated risk of cancer
induction, and that the risk increases
linearly with increasing dose.
Extrapolating from these basic
principles of radiation safety that link
the likelihood of disease to the extent
of cumulative radiation exposure, it
might be expected that physicians ex-
posed to radiation in their work envi-
ronment in the present era would be at
higher risk of such illnesses (Table 2).
As a result of the small numbers in the
Society of Cardiac Angiography and
Interventions survey study (3), no firm
conclusions could be reached regard-
ing increased rates of radiation-associ-
ated diseases. However, anecdotal re-
ports of hematologic malignancies and
other cancers are now common con-
versation at societal meetings. The
brain is one of the least protected organs
during interventional fluoroscopy pro-
cedures (19). Recent anecdotal reports of
hematologic malignancies and brain
cancers in interventionists have alarmed
members of our profession (10). Al-
though the impact of radiation dose to
the brain from chronic low-dose expo-
sure has not been well studied (15), ion-
izing radiation is one of the few estab-
lished causes of neural tumors (20).
Studies of the incidence of nervous sys-
tem tumors in atomic bomb survivors
(20-22) concluded that exposure to ra-
diation doses of less than 1 Sv is associ-
ated with an increased incidence of ner-
vous system tumors. Epidemiologic
evidence for radiation-induced brain
cancer in fluoroscopists is suggestive,
but by no means conclusive (Table 2).
One study (23) found that the death rate
from brain cancer in radiologists was
almost three times that of other medical
specialists who did not use radiation. A
case-control study (24) of 233 patients
with brain tumors reported that work as
a physician with use of fluoroscopy in-
creased the risk of developing a brain
tumor, with an odds ratio of 6.0 (95% (I,
0.62-57.7), although there were only
three such individuals among the 233
cases. Another case-control study (25) of
476 individuals diagnosed with glioma
also observed an increased risk in phy-
sicians and surgeons (odds ratio, 3.5;
95% CI, 0.7-17.6). However, such stud-
ies cannot exclude other biologic agents
and chemicals unrelated to radiation as
causative, and other case-control studies
(26-28) failed to identify a significant
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Table 1

Surveys of Orthopedic Complications in Interventionists

Study

Methods

Findings

Ross et al (1)

Goldstein et al (3)

Machan (12)

Moore et al (13)

Survey of interventional cardiologists (852 surveys, 385
responses), orthopedists (577 surveys, 131 responses),

and rheumatologists (978 surveys, 198 responses)

Survey of 1,600 interventional cardiologists (424 responses)

Survey of interventional radiologists (308 responses)

Survey of 608 radiologists (236 responses)

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

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

60% reported spine complaints; spine
problems limited work in 25%

50% prevalence of back pain

Table 2

Reports of Cancer Incidence in Interventionists

Study

Methods

Findings

Finkelstein et al (10)
Preston et al (21)

Matanoski et al (23)
50-year period

Carozza et al (25)
Andersen et al (26)
incidence

Report of a case cluster
Review of solid cancers in atomic bomb survivors

Cohort study of mortality in radiologists over a

Case-control study of occupation and glioma
Population-based study of occupation and cancer

risk

Brain cancer in two interventionalists
Radiation dose response for nervous system tumors;
exposure to dose <1 Sv associated with increased

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

risk of brain tumors as a result of expo-
sure to medical ionizing radiation.

Radiation risk is not limited to the
induction of malignancy. Recent ep-
idemiologic studies of radiation-
related cataract formation (29,30)
suggest that the currently accepted
threshold dose of 2-5 Gy for radia-
tion-induced cataract formation may
be too high. It is possible that there is
no threshold dose, and that radia-
tion-induced cataract formation is a
stochastic effect, rather than a deter-
ministic effect as previously believed
(31). In either case, the current Inter-
national Commission on Radiation
Protection occupational guidelines
for radiation exposure to the eye (150
mGy/year) may be too high (18). The
International Commission on Radia-
tion Protection is organizing a sub-
committee to prepare a special report
on this topic.

WHAT IS AN
ACCEPTABLE LEVEL OF
RADIATION EXPOSURE?

Recognition of the potential harm
of radiation has led to long-estab-

lished standards for occupational ex-
posure that have been articulated in
the policy of “As Low As Reasonably
Achievable” (ALARA). But the ques-
tion must be asked: What is “low”
and what is “reasonably achiev-
able”? In the past 30 years, interven-
tional medicine has evolved dramat-
ically, with remarkable advances in
imaging and catheter technologies,
as well as the basic and clinical sci-
ence that support their application.
During this period, our daily and ca-
reer radiation and orthopedic risks
have increased. The evolution of in-
terventional procedures has necessi-
tated that industry keep pace with
dramatic leaps in imaging technol-
ogy. Inexplicably, radiation protec-
tion technology is not much different
than it was two decades ago, with
little technologic development or in-
novation to improve the safety and
comfort of operators. Complacency
can be dangerous. If similar lack of
technologic progress were evident in
automobiles, vehicles would still be
equipped with seat belts only, not
the superior airbag systems that

have made driving much safer. Yet
we still stand at tableside with in-
complete protection from aprons and
small portable shields (think of them
as seat belts), leaving our brains,
arms, and lower legs exposed to ra-
diation; at the end of the day, our
spines, hips, and knees ache from the
burden of the protective apparel we
wear. Although numerous lead
apron designs have been developed
and marketed as ergonomically su-
perior, no truly successful design ex-
ists. Substitution of other combina-
tions of metals for lead has made
aprons lighter than in years past, but
they remain heavy, cumbersome, un-
comfortable, and incompletely pro-
tective (5). Even the use of the term
“apron” harkens back to an earlier
era of weight distributed entirely on
the shoulders and upper trunk;
newer designs are closer to Kkilts.
There must be better ways to distrib-
ute the weight of operator-worn
shielding and lighter materials that
may be used.

The maximum permissible doses
advised by the National Council on
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Radiation Protection and Measure-
ments (32) and specified in most
state health codes were established
by setting the numeric values equal
to the risks of “safe” nonradiologic
occupations. There is no implication
that doses lower than the maximum
permissible dose are absolutely safe
or that doses greater than the maxi-
mum permissible dose are always
toxic. To minimize unnecessary
dose, most radiation protection pro-
grams issue alerts when radiation
badge readings exceed 10% and 30%
of the maximum permissible dose.
The Occupational Safety and Health
Administration has a comprehensive
set of guidelines on protection from
bloodborne pathogens, and they may
issue guidelines for occupational ra-
diation exposure as well (33). These
will have a direct effect on the oper-
ation of interventional laboratories.

Concerns over radiation exposure
to the modern interventionist were
elegantly articulated by Clark (2),
who posited the following: “There is
ongoing concern about how experi-
enced interventionists and younger
ones with long careers ahead of them
can avoid the potential ravages of
x-ray exposure.” He asked, “Which
illnesses can be caused by the type of
x-ray exposure received in the labo-
ratory by physicians and at what po-
tential level of exposure?”; “On a
monthly, yearly, and lifetime basis,
how much radiation exposure is ac-
ceptable, and how much radiation
exposure puts an individual at in-
creased risk of which complica-
tions?”; and “At what lifetime level
of exposure should one consider re-
tiring from laboratory practice in or-
der to diminish the chance of radia-
tion illness?” (2). In summary, he
stated: “Persisting questions for the
physician are these: ‘"How much am I
being exposed?” and ‘How much is
too much?’” (2). These issues have
special pertinence to those in train-
ing, who are facing the choice of a
career path that may last 30 years or
longer and may be influenced by ra-
diation exposure concerns; this issue
is of particular importance in women
of childbearing age already practic-
ing or considering an interventional
field.

To these questions, we need to add
one more: how do we reduce our
risks? Given the availability of materi-

als (eg, lead) with the potential to com-
pletely block radiation, it must be
asked whether it is “reasonable” or
necessary to be exposed to scatter ra-
diation on a daily basis while laboring
in a workplace environment that re-
quires wearing partly protective ap-
parel that contributes to daily discom-
fort and career orthopedic injury?

MAKING THE
INTERVENTIONAL
LABORATORY A SAFER
WORK ENVIRONMENT:
A CALL TO ACTION

The present position paper, com-
missioned by the member societies
that constitute the MSOHG, was pred-
icated on the widely held sentiment
that there are already sufficient data to
support the conclusion that the inter-
ventional laboratory workplace milieu
and physical working lifestyle of inter-
ventional physicians potentially pose
occupational hazards that exact a toll
on physician’s health. Sadly, it may
already be too late for some of our
colleagues to avoid the occupational
hazards we now appreciate.

Scientific study further delineat-
ing occupational risks is essential.
The MSOHG has initiated epidemio-
logic studies designed to help an-
swer fundamental questions impor-
tant to those working in fluoroscopic
environments. Employing large pop-
ulations, including age-matched con-
trol groups of noninvasive physi-
cians, these studies are designed to
address the following questions:

1. What is the true incidence of or-
thopedic and radiation-associated
problems?

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

3. What are the mechanisms contrib-
uting to orthopedic problems (eg,
heavy personal protective apparel,
working positions, nonergonomic
equipment designs)?

4. Are there individual operator fac-
tors associated with development
of orthopedic and radiation-associ-
ated problems (eg, number of cases
per year over a career, laboratory
shielding, laboratory design)?

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

data are necessary to declare the flu-
oroscopy laboratory a hazardous
place in which to work. It is now
time for physicians and their profes-
sional societies to work together and
with industry to make our working
environment better for those who
will follow us. We all share this
“turf.” This idea has prompted the
present call to action by specialty so-
cieties representing those working in
fluoroscopic laboratories to advocate
for a safer laboratory environment.
The ultimate goal is to eliminate all
unnecessary radiation exposure to
physicians and reduce substantially
the incidence and severity of ortho-
pedic complications.

Important questions regarding the
interventional laboratory environment
must now be asked. These include:

1. Why has there been so little improve-
ment in workplace safety during the
past 30 years?

2. Which agencies are responsible for
introducing improvements into labo-
ratory safety, and what are the man-
dates and motivations for doing so?

3. If laboratory equipment can be de-
signed to improve safety, how
will such additional expenses be
covered?

Which Agencies Are Charged with
Monitoring Safety and Mandating
Improved Workplace Standards?

In the United States, radiation
safety policy is largely determined at
the national level and implemented
by the individual states, which have
regulatory agencies. Institutional ra-
diation safety officers monitor insti-
tutional policies and exposures to
ensure compliance with governmen-
tal regulations, monitor individual
operators, and provide education to
operators to help minimize expo-
sure. Although this traditional sys-
tem has had many individual bene-
ficial effects, it has not addressed the
systemic issues of laboratory design
and ergonomics.

Which Entities Are Responsible for
Designing and Implementing
Workplace Improvements?

The development of interventional
procedures demanded improved cath-
eter equipment and higher-resolution
imaging. Physicians working in the
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field have been in great part responsi-
ble for stimulating industry to achieve
dramatic technologic advances. In fact,
the era of interventional medicine has
stimulated the evolution of the bio-
medical device industry, with innova-
tion often germinated by physicians
working in the laboratory who identi-
fied problems, needs, and opportuni-
ties. Many of the solutions to these
problems have been developed in
partnership with industry, leading to a
robust pipeline of tools and products.
Clearly, we have moved from an older
era in which industry conceived ideas
and brought them to the bedside, to
the modern era in which physicians/
users identify needs and work to-
gether with industry to help find solu-
tions. Until now, physicians have had
little input in technologic develop-
ment in the interventional laboratory
environment.

Will Hospitals Be Willing to Cover
Costs for New Equipment to
Enhance Workplace Safety?

If, in fact, new laboratory designs can
achieve enhanced workplace health and
safety, the additional expenses incurred
with such innovations must be consid-
ered. Presently available data are al-
ready sufficient to support the conclu-
sions that orthopedic problems are
common and are related at least in part
to wearing lead aprons. Some risk of
cancer is implicit in the ALARA policy;
new innovations that significantly lower
operator radiation exposure should be
adopted following a sober weighting of
costs, risks, and benefits. These simple
concepts should guide interactions with
hospitals that provide and pay for the
laboratory workplaces.

GENERAL METHODS
FOR REDUCTION OF
OPERATOR DOSE

Individual operators need to have
enough of a working knowledge of
radiation and other risks to be able to
make informed decisions regarding
their personal safety. The choice is
personal responsibility or potential
governmental mandate.

Certainly, we bear primary responsi-
bility for protecting our own health—
radiologic and otherwise. It behooves us
to be aware of our own occupational
radiation dose and to minimize it to the

extent we can. This means wearing per-
sonal dosimeters at all times in the in-
terventional laboratory, and taking ad-
vantage of every opportunity to reduce
dose through the intelligent application
of time, distance, and shielding. Tech-
niques and equipment for shielding op-
erators (eg, aprons, glasses, thyroid
collars, and various tableside and drop-
down shields) are well known and
should be the focus of daily attention.
We cannot expect others to assume the
burden and expense of improving our
work environment if we are not inter-
ested enough and concerned enough to
protect ourselves. Lead caps have been
suggested as a method for reduction of
occupational dose to the brain, but these
seem potentially uncomfortable and
add yet more weight to the load already
being worn (34). Ceiling-suspended
lead shields reduce radiation dose to the
brain, as well as to the rest of the organs
in the head and neck.

The use of radiation-protective de-
vices should be considered only part
of minimizing total operator risk. (Full
suits of radiation armor have been
around for a century. Three millime-
ters of lead will reduce operator dose
to nothing. Is this the best way to
work?) Another basic concept cannot
be overstated: operator dose is directly
proportional to patient dose. Reducing
the dose to the patient will also reduce
the dose to the operator. The specific
methods are beyond the scope of this
document, but should be familiar to all
operators who perform fluoroscopi-
cally guided interventions, and should
be practiced routinely. These methods
and concepts have been well described
previously (4,35).

WHAT NEEDS TO BE
DONE NOW?

Our profession has numerous mem-
bers who retired early or became seri-
ously ill as a direct consequence of the
interventional laboratory environment
in which we work. Outfitting operators
with aprons and thyroid collars for pro-
tection against radiation should be as
outmoded as sending soldiers into bat-
tle wearing chain mail for protection
against rifle bullets. It is time that the
interventional community began work-
ing with industry to take a fresh look at
laboratory design, leaving no innova-
tion unconsidered, and this endeavor
must be undertaken at the highest lev-

els. Given the wide availability of effec-
tive radiation resistant materials, it
seems reasonable to expect that ad-
vances in engineering, materials, and ar-
chitecture should permit laboratory de-
sign that truly minimizes operator
exposure and at the same time avoids
the poor ergonomic designs with which
we currently deal.

Interventional physicians and their
professional societies, working together
with industry, should strive toward the
ultimate definition of ALARA as close
to a zero radiation exposure work envi-
ronment as possible, and ultimately
eliminate the need for personal protec-
tive apparel and prevent its orthopedic
and ergonomic consequences.

If the same level of ingenuity and
commitment that produced the incredi-
ble innovations that have transformed
the practice of interventional medicine
were applied to enhancing workplace
safety, the career of an interventionist
would undoubtedly be more comfort-
able, healthier, and longer.
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Purpose: To evaluate the effectiveness of a radiation-absorbing shield in reducing the
occupational exposure to interventionalists during endovascular procedures.
Materials and Methods: A total of 56 patients undergoing endovascular procedures (renal
and peripheral) were evaluated in a blinded, placebo-controlled prospective trial using a
sterile, disposable surgical drape containing a lead-free x-ray attenuation material (RadPad) or
a similar drape lacking the attenuation material. Radiation exposure measurements were
obtained at the hand and body of the interventionalists to compare the effectiveness of the

drape in reducing exposure.

Results: The peripheral drapes containing the x-ray attenuation material resulted in a

reduction of 82.8% to the hands and 88.0% to the body compared to placebo drapes during
peripheral procedures. The renal drapes reduced exposure to the hands 70.9% and body
63.4% compared to the placebo drapes. Fluoroscopy times were similar between the groups.

Summary of Radiation Exposure

FT(min) | HmMR) | HmMR/min) | B(mR) | B(mR/min)
Renal Placebo 9.67 23.59 2.44 15.58 1.61
Renal Protective Drape 9.01 6.37 0.71 5.29 0.59
Peripheral Placebo 11.45 27.93 2.44 17.12 1.50
Peripheral Protective Drape 10.98 4.60 0.42 2.01 0.18
Renal Drape % reduction 70.9% 63.4%
Peripheral Drape % reduction 82.8% 88.0%

FT-Fluoroscopy Time, H-Hand, B-Body

Conclusion: The use of a disposable radiation-absorbing surgical drape can significantly
reduce occupational exposure to the interventionalist as compared to a placebo drape without
the attenuation material. This additional protection allows physicians and medical personnel
to achieve the universally desired goal of as low as reasonably achievable (ALARA) radiation
exposure. The interventionalist exposed to scatter radiation, over a life-time career, could
find significant health benefits by using a radiation protective drape during endovascular

procedures.







Reduction of scatter radiation during transradial percutaneous coronary
angiography: A randomized trial using a lead-free radiation shield

Abstract

Background: Occupational radiation exposure is a

Catheterization and

growing problem due to the increasing number and . .
Cardiovascular Interventions

complexity of interventional procedures performed. el e Volume 79, Issue 1, pages

Radial artery access has reduced the number of ey | 27-102 1 January 2011

INTERVENTIONE

complications at the price of longer procedure

duration. Radpad® scatter protection is a sterile,

disposable bismuth-barium radiation shield drape that
should be able to decrease the dose of operator radiation during diagnostic and interventional

procedures. Such radiation shield has never been tested in a randomized study in humans.

Methods: Sixty consecutive patients undergoing coronary angiography by radial approach were
randomized 1:1 to Radpad use versus no radiation shield protection. The sterile shield was placed
around the area of right radial artery sheath insertion and extended medially to the patient trunk. All
diagnostic procedures were performed by the same operator to reduce variability in radiation absorption.
Radiation exposure was measured blindly using thermoluminescence dosimeters positioned at the

operator's chest, left eye, left wrist, and thyroid.

Results: Despite similar fluoroscopy time (3.52 £ 2.71 min vs. 3.46 £ 2.77 min, P = 0.898) and total
examination dose (50.5 + 30.7 vs. 45.8 + 18.0 Gycm?, P = 0.231), the mean total radiation exposure to
the operator was significantly lower when Radpad was utilized (282.8 £ 32.55 uSv vs. 367.8 + 105.4
MSv, P < 0.0001) corresponding to a 23% total reduction. Moreover, mean radiation exposure was

lower with Radpad utilization at all body locations ranging from 13 to 34% reduction.

Conclusions: This first-in-men randomized trial demonstrates that Radpad significantly reduces
occupational radiation exposure during coronary angiography performed through right radial artery

access. © 2011 Wiley Periodicals, Inc
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M. G. and Sangiorgi, G. M. (2011), Reduction of scatter radiation during transradial percutaneous
coronary angiography: A randomized trial using a lead-free radiation shield. Catheterization and
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Use of a Sterile, Disposable, Radiation-Absorbing Shield
Reduces Occupational Exposure to Scatter Radiation

During Pectoral Device Implantation
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SIMONS, G.R., ET AL.: Use of a Sterile, Disposable, Radiation-Absorbing Shield Reduces Occupational
Exposure to Scatter Radiation During Pectoral Device Implantation. The aim of this study was to demon-
strate the effectiveness of a radiation-absorbing shield in reducing physicians’ occupational radiation
exposure during pectoral device implantation. A sterile, disposable, lead-free radiation-absorbing surgi-
cal drape containing x-ray attenuation material was evaluated. Twenty procedures used the radiation
absorbing drape, and 20 were performed without the shielding. Radiation exposure was measured us-
ing thermoluminescent dosimetry collar badges. Use of the protective shield was associated with a time
adjusted 80% reduction in radiation dose (0.009 mrem/s with shielding vs 0.047 mrem/s without shield-
ing, P < 0.05) to the physician performing the procedures. The radiation-absorbing surgical drape did
not interfere with technical performance nor add procedural time, and all procedures were successfully
completed. This study demonstrates that a sterile, disposable, radiation-absorbing drape provides a con-
venient means of augmenting conventional radiation shielding. Use of this protective shielding greatly
reduces operators’ occupational exposure to scatter radiation during pectoral device implantation with-

out compromising sterility or procedural technique. (PACE 2004; 27[Pt. I]:726-729)

fluoraescopy, x-rays, radiation protection, pacemaker, cardioverter defibrillator

Introduction

There is much concern over the potential ad-
verse side-effects to individuals who are chroni-
cally exposed to ionizing radiation. For interven-
tional radiologists and cardiologists who receive
excessive exposure to ionizing radiation, there is
an increase in adverse effects such as dermatitis,
erythema, cataracts, and cancer.- More recently,
there is growing consensus that exposure to even
the lowest doses of ionizing radiation may increase
overall cancer risk.>=® Although the significance
of ionizing radiation at the very low doses used
in routine noninvasive x-ray imaging continues to
be somewhat controversial,® the most broadly ac-
cepted method for managing human exposure to
ionizing radiation is the principle of as low as rea-
sonably achievable (ALARA).” There is no estab-
lished “threshold” below which exposure to ioniz-
ing radiation is safe, and individuals consistently
exposed to ionizing radiation may be at risk for an
increased incidence of cancer.?

Prolonged use of ionizing radiation is neces-
sary for many x-ray fluoroscopy procedures, and
there is significant concern about the occupational
exposure to scatter radiation for the physicians
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who use it. Among practitioners who implant pec-
toral pacemakers and cardioverter defibrillators,
this issue is particularly problematic due to the
mandatory close proximity to the beam source
causing more transfer of scatter radiation to the
practitioner. Although pulldown shields are some-
times used, many implanting physicians find them
to be cumbersome because, in contrast to their use
during femoral procedures, they must be placed
between the operator’s torso and the sites of elec-
trode manipulation.

Use of a sterile, radiation-absorbing drape has
been demonstrated to reduce occupational radi-
ation exposure during femoral interventional ra-
diology procedures.® It is also known that a sig-
nificant proportion of scatter radiation exits the
patient along the skin surface inferior and lat-
eral to the actual beam path during pectoral de-
vice implantation. This study tested the hypothe-
sis that physicians’ exposure levels can be reduced
while implanting pectoral devices by placement of
aradiation-absorbing shield in that region, outside
the beam path.

Materials and Methods

A single practitioner (G.R.S.) in one labora-
tory performed 40 consecutive pectoral device im-
plantations (32 pacemakers, 8 cardioverter defib-
rillators} using pulsed fluoroscopy (8 frames/s,
25 ms/frame, autoregulated to achieve 2.5 microR/
frame) and only anteroposterior (AP) views. The
first 20 cases (group A) were performed without
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special shielding. The subsequent 20 cases
(group B) were performed using commercially
available sterile bismuth-containing shields (RAD-
PAD, Worldwide Innovations and Technologies,
Overland Park, KS, USA). The rectangular 16.52 x
12 x 3/16 inches shields are supplied with a
cut-out biopsy window along their top portion
(Fig. 1A). Each shield was modified by folding over
a small section to eliminate the window (Fig. 1B),
and the resulting rectangle, measuring 13.25 x 12
inches, was placed onto the operative drape, just
lateral to the incision, with its long axis pointing
away from the patient (Fig. 1C), so that it cov-
ered the surfaces inferior and lateral to the beam
path (Fig. 2). It was secured to the drape with a
preapplied adhesive strip. Care was taken to place
the shield outside the fluoroscopic field of view to
avoid feedback increases in beam intensity.

Pacemaker and defibrillator implantations
were performed via cephalic or subclavian access
using standard operative techniques. Radiation ex-
posure was measured using thermoluminescent
dosimetry collar badges, which were worn only
for these procedures and were stored with control
badges when not in use.

Results

All 40 cases were performed successfully
without procedural complications. The control
badges had no detectable exposure. Fluoroscopy
times and badge counts are shown in Table I. The
mean fluoroscopy time was 64.4 seconds for group
A and 78.3 seconds for group B. The increased
group B fluoroscopy time, which was statistically
insignificant, resulted from case complexity and
was unrelated to the protective radiation shield
device. Despite a slightly higher total fluoroscopy
time in the group B cases, shield use was associ-
ated with a 77% reduction (60-14 mrem) in total
radiation dose. In addition, there was an 80% time
adjusted reduction in radiation exposure during
protective shield use from 0.047 to 0.009 mrem/s.
Both of these reductions showed statistical signif-
icance (P < 0.05).

Discussion

Radiation protection for medical personnel
is the standard of care for procedures involving
ionizing radiation, and this topic has been exten-
sively investigated.®=** Although there has been
a decrease in the occupational radiation dose for
most medical workers, the areas of cardiovascu-
lar and interventional radiology appear to be ex-
ceptions.™® This study tested the hypothesis that
physicians’ radiation exposure due to scatter ra-
diation could be reduced through the use of a
radiation-absorbing protective barrier during pec-
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Figure 1. Preparation of shield and placement in oper-
ative field. (A) The shield is provided as a rectangular
drape with a biopsy window. (B) The window is removed
by folding over its top part. (C) The shield is then placed
lateral to the operative field, out of the primary beam
path.

toral device implantation. By covering the surfaces
that are the main source of scatter, this shield
provided a significant reduction in practitioner
exposure.
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The recommended exposure limit from the
National Council on Radiation Protection is a total
of 5 mrem per year. Without a shield, strict adher-
ence to this recommendation would limit a sin-
gle implanter to approximately 80 procedures per
year. Although the effects from exceeding this up-
per limit may not be immediately apparent, the
potential harm over the course of 1 year, career, or
lifetime could be very large. With this in mind, the
concept of ALARA becomes especially important.”

Practitioners who use x-ray fluoroscopy have
traditionally modified three variables—time of
exposure, distance from the beam source, and
shielding—to limit exposure to scatter radiation.
In the case of pectoral device implantation, the
first variable can be significantly reduced by
meticulous procedural technique, and it can be
influenced further by the use of pulsed x-ray flu-
oroscopy.’! Because implantation of pectoral de-

Table I.
Fluoroscopy Times and Radiation Counts

Group A Group B
(without (with
shields) shields)
N=20 N=20
Fluoroscopy time, seconds*
Total 1288* 1565*
Mean 64.4* 78.3%
Total radiation dose, mrem 60+ 14+
Time-adjusted dose, mremy/s 0.0471 0.009+

*P = NS. 1P < 0.05.
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B

Figure 2. Scatter radia-
tion during pectoral de-
vice implantation with
and without shield.

vices requires close proximity to the patient, the
second variable of distance is nonmodifiable and
problematic. Thus, optimized practitioner shield-
ing is of great importance during pectoral device
implantation. Although lead gowns, thyroid col-
lars, and glasses are used during these procedures,
significant scatter radiation still contacts partially
shielded and unshielded tissues.

At no point during these procedures did the
shields impinge on the x-ray beam path. This is an
essential issue, since most x-ray systems would au-
tomatically increase beam intensity via automatic
brightness control feedback if this were to occur.
The authors observed that placement of the shields
lateral to the surgical site allowed gravity to keep
the shields from slipping medially; thus, this was
not a significant problem. Although none of the
procedures in this study were biventricular im-
plants, the authors have since routinely used the
shields during left ventricular lead placement (un-
published data), and they have noted no beam-
path interference despite the requisite angulated
views and increased complexity of these cases.

The results of this study demonstrate that a
sterile, disposable, radiation-absorbing drape pro-
vides a convenient means of augmenting conven-
tional shielding without compromising sterility or
procedural technique. Use of this drape greatly re-
duces occupational exposure to scatter radiation
during pectoral device implantation. For high vol-
ume operators, large reductions in yearly radiation
exposure can be easily achieved.

Acknowledgments: The authors wish to thank Cynthia
L. Feaster, David A. Hindell, Martha E. McDowell, Stephen F.
Redmiles, Karen T. Schoch, and Janice C. Zeller for their tech-
nical assistance.

PACE, Vol. 27





RADIATION PROTECTION

References

1.

10.

PACE, Vol. 27

BEIR V (Committee on the Biological Effects of Ionizing Radia-
tions). Health Effects of Exposure to Low Levels of Ionizing Radia-
tion. Washington, DC, National Academy Press, 1990, pp. 1—436.
International Commission on Radiological Protection. 1990 Rec-
ommendations of the International Commission on Radiological
Protection. IGRP publication no. 60. Oxford, UK, Pergamon, 1991,
pp. 1-201.

National Cancer Institute and Society of Pediatric Radiology, Guide
for Healthcare Providers, August 2002.

FDA Public Health Notification: Reducing Radiation Risk from
Computed Tomography for Pediatric and Small Adult Patients.
November 2001.

Brenner DJ, Elliston CD, Hall EJ, et al. Estimated risks of radiation-
induced fatal cancer from pediatric CT. Am J Roentgenol 2001;
176:289-296.

Cohen B. Cancer Risk from low-level radiation. Am J Roentgenol
2002; 179:1137-1143.

Slovis TL. Conference on the ALARA {as low as reasonably achiev-
able) concept in pediatric CT intelligent dose reduction. Pediatr
Radiol 2002; 32:217-317.

Berrington A, Darby SC, Weiss HA, et al. 100 years of observation on
British radiologists: Mortality from cancer and other causes 1897—
1997. Br J Radiol 2001; 74:507-519.

King JN, Champlin AM, Kelsey CA, et al. Using a sterile disposable
protective surgical drape for reduction of radiation exposure to
interventionalists. Am J Roentgenol 2002; 178:153—157.

National Council on Radiation Protection and Measurements. Lim-
itation of exposure to ionizing radiation. NCRP Report no. 116.
Bethesda, MD, National Council on Radiation Protection and Mea-
surements, 1893.

11.

12.
13.

14.

15.

16.
17.

18.
19.
20.

21.

June 2004, Part [

Li LB, Kai M, Takano X, et al. Occupational exposure in pediatric
cardiac catheterization. Health Phys 1995; 69:261-264.

Britton CA, Wholey MH. Radiation exposure of personnel dur-
ing digital subtraction angiography. Cardiovasc Int Radiol 1988;
11:108-110.

Renaud L. A 5-year follow-up of the radiation exposure to in-room
personnel during cardiac catheterization. Health Physics 1992;
62:10-15.

McKetty MH. Study of radiation doses to personnel in a cardiac
catheterization laboratory. Health Physics 1996; 70:563—567.
Miller SW, Castronovo FP. Radiation exposure and protection in
cardiac catheterization laboratories. Am J Cardiol 1985; 55:171—
176.

Finkelstein MM. Is brain cancer an occupational disease of cardi-
ologists? Can J Cardiol 1998; 14:1385-1388.

Baker DG. How significant are the risks from occupational exposure
to ionizing radiation? Appl Radiol 1989; 18:19-24.

Wang JX, Inskip PD, Boice ]D, et al. Cancer incidence among med-
ical diagnostic x-ray workers in China, 1950 to 1985. Int ] Cancer
1990; 45:888-895.

Clark AL, Brennan AG, Robertson L], et al. Factors affecting pa-
tient radiation exposure during routine coronary angiography in a
tertiary referral centre. Br ] Radiol 2000; 73:184—189.

Calkins H, Niklason L, Sousa J, et al. Radiation exposure during
radiofrequency catheter ablation of accessory atrioventricular con-
nections. Girculation 1991; 84:2376-2382.

Holmes DR, Wondrow MA, Gray JE, et al. Effect of pulsed pro-
gressive fluoroscopy on reduction of radiation dose in the car-
diac catheterization laboratory. ] Am Coll Cardiol 1990; 15:159—
162.

729






Using a Sterile Disposable
Protective Surgical Drape for
Reduction of Radiation Exposure to
Interventionalists

Jerry N. King12
Anna M. Champlin®
Charles A. Kelsey®
David A. Tripp*

Received March 27, 2001; accepted after revision
July 24, 2001.

lDepartment of Radiology, Presbyterian Hospital, 1100
Central Ave. S.E., Albuquerque, NM 87106.

2Radiology Associates of Albuquerque, 5890 Eubank N.E.,
Albuquerque, NM 87111. Address correspondence to
J. N.King.

3Department of Radiology, University of New Mexico, 2211
Lomas Blvd. N.E. Albuquerque, NM 87131,

4Department of Radiology, University of Utah Health

Sciences Center, 50 N. Medical Dr., Salt Lake City, UT 84132.

AJR 2002;178:153-157
0361-803X/02/1781-153

© American Roentgen Ray Society

AJR:178, January 2002

OBJECTIVE. The purpose of this paper is to show the effectiveness of a new radiation
protection method designed to decrease the amount of scatter radiation received by practitioners
performing procedures under fluoroscopic guidance.

MATERIALS AND METHODS. A sterile, disposable, lead-free surgical drape contain-
ing radiation protection material composed primarily of bismuth was evaluated for effective-
ness in reducing radiation doses to health care personnel. Measurements of phantom scatter,
patient scatter, skin entrance, and the effects of collimation, together with comparative
monthly thermoluminescent dosimeter recordings, were taken to determine the effectiveness
of X-ray beam attenuation using the bismuth drapes.

RESULTS. Scatter radiation to physicians, as measured by thermoluminescent dosimeters
placed on each eye, the thyroid, and the wrist, was reduced by 12-fold for the eyes, 25-fold for
the thyroid, and 29-fold for the hands when the radiation-attenuating surgical drape was used
when compared with control studies performed with a standard nonattenuating surgical drape
alone. Monthly thermoluminescent dosimeter measurements decreased fourfold in one physi-
cian. Using the protective drape reduced exposure to the assistant in each case to negligible
levels. Skin entrance dose was not increased unless the protective drape was placed directly in
the X-ray beam. An X-ray attenuation factor equivalent to 0.1 mm of lead with 8 x 8 cm colli-
mation reduced the scatter rates from five- to ninefold despite a 30-40% increase in entrance
exposure rate as the lead eguivalence increased.

CONCLUSION. Depending on the procedure, the height of the practitioner, and the posi-
tioning of the radiation-attenuating surgical drape, use of this drape can substantially reduce
the radiation dose to personnel with minimal or no additional radiation exposure to the patient.

he harmful effects of ionizing radia

tion were recognized shortly after

the discovery of the X ray by Wil-
helm Conrad Roentgen in 1895 [1-5]. These
harmful effects were particularly evident in the
hands of individuals exposed repeetedly to the
X-ray beam for prolonged periods of time.
Erythema, dermatitis, and skin cancer were
found to result from this exposure, and it was
initially thought that avoiding the primary beam
was aufficient protection [2, 6-9]. However, in
the 1920s concerns regarding the adverse ef-
fects of radiation were again raised with the
identification of an increased rate of leukemiain
radiologists [1]. This recognition led to the cre-
ation of organizations such as the Internationa
Commission on Radiologica Protection (1928)
and the National Committee on Rediation Pro-
tection and Measurements (1929, later the Nax
tional “Council”), which became important in

making recommendations on radiaion protec-
tion. The first recommendations for tolerance
doses for radiation workers came from the Na
tiond Council on Radiation Protection and the
International Commission on Radiologica Pro-
tection in 1934. The recommendations of both
those organizations for tolerance doses for radi-
ation workers have decreased by afactor of 5—
10 since 1934. This decrease is the result of in-
creased knowledge of the risks from radiation
exposure, an increased desire among workersto
avoid the harmful side effects of radiation, and
improvementsin technology [1, 3-5, 8-13].
Although the recommended limit for radi-
ation workers has not changed greatly since
about 1958, the philosophy toward radiation
protection and limits has changed dramati-
caly. The limit is now regarded as an upper
limit of acceptability. The principle of
ALARA (as low as reasonably achievable) is
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used to ensure that most exposures will be
well below the accepted limit. Experience
with the ALARA principle and the limit of 5
rem (50 mSv) per year has allowed the aver-
age exposure of workers in the United
States—with the exception of interventional
radiologists and cardiologists—to decline
steadily to about 5% of the limit. The in-
creased use of fluoroscopy by anesthesiolo-
gists for pain therapy and during radiation
therapy procedures has further expanded the
risk to health care providers.

Although the acute effects of radiation are
not commonly a problem, the stochastic &f-
fects of radiation remain aconcern. The prob-
ability of the occurrence of stochastic effects
is directly related to the radiation dose, but
the severity of these conditions is not related
to the total dose received. Stochastic effects
include carcinogenesis and genetic mutation;
they are of particular concern because thereis
no threshold dose below which the radiation-
induced effects will not occur. The nonsto-
chastic effects, such as radiation-induced
cataracts, do have a threshold dose, and
above this threshold the severity is directly
related to the dose. Stochastic events are con-
sidered to occur at al doses, but the less the
frequency, the lower the dose—thus, the prin-
cipleof ALARA [1, 4, 5, 8-10].

This article focuses on the use of a new ra-
diation protection device intended to reduce
both the unit dose and the overall level of radi-
ation experienced by radiation workers during
interventiona radiology procedures.

Fig. 1.—Sterile protective surgical drape (32 x 44.5 cm) viewed from back or side placed toward
patient (see Fig. 2 for front view). Single arrow indicates 4.5 x 9.5 cm opening for needle and
catheter placement. Double arrows show location of adhesive tape to aid in maintaining drape
position. Arrowheads outline 11-cm channel designed to be cut if necessary for ease of manip-
ulation around needles and catheters. This channel has been cut in Figure 2.
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Materials and Methods

This study was conducted in three phases. In the
firgt phase, shields of varying lead equivaency were
tested for effectivenessin atenuating scatter radiation
from astandard X-ray phantom. The second phasein-
volved testing of a commercidly available protective
drape (RADPAD; Worldwide Innovations & Tech-
nologies, Overland Park, KS) during a series of pa-
tient studieswith ingtitutiond research board gpprova
and informed consent (Fig. 1). The third phase was
the routine use of this protective drape, in addition to
improved collimation techniques, during interven-
tiona procedures by a radiologist who had regularly
exceeded recommended radiation exposure levels.

Phase 1

A saries of measurements of shielding samples
were evaluated for scatter during routine fluoroscopy
with a typica angiographic C-arm equipped with a
38.10-cm (15-inch) image intensifier with and with-
out tight collimation (Philips Medical Systems, Bet,
The Netherlands). The secondary (scetter) radiation
exposure rates were measured using an anthropo-
morphic chest phantom (Nuclear Associates, Carle
Place, NY). The scatter rates at 30 cm from the ster-
num, together with the automatic brightness system
fluoroscopic entrance exposure rates, were recorded
with and without 8 x 8 cm collimation. In al record-
ings, the image intensifier was positioned as closely
as possible to the chest with a source-to-image dis-
tance of 100 cm. The scatter rates were measured
with an MDH Modd 1015 X-ray monitor usng a
180-mL ion chamber (Radca, Monrovia, CA).

Phase 2

Twelve patient studies were performed using ex-
tensive placement of thermoluminescent dosmeters
(TLDs). Eight patient studies served as control stud-

ies that were performed with the use of a standard
nonattenuating surgica drape; and the studies of
four patients used the radiation-attenuating drape.
The drape was placed on the patient with the win-
dow of the drape over the skin puncture site (Fig. 2).
All patient studies were performed on the same ra
diographic equipment (Picker, Cleveland, OH), and
al procedures were percutaneous nephrostomy
placements performed from the right side of the pa-
tient. The monitor was positioned for viewing in the
same location for al examinations. Two radiologists
participated in each study, with interpretations ob-
tained from nine physicians. Severa physicians par-
ticipated in more than one patient evaluation. All
physicians used their own type of standard radiation
protection. The 12 patient studies included TLDs
placed on the patient and the operators. A TLD was
placed on the skin at the level of the entrance dose of
each of the 12 patients, and on the thyroid, left eye,
right eye, and left wrist of both the primary and the
assisting physicians performing the procedure. The
TLDs were positioned outside any radiation-protec-
tive covering such as lead aprons, thyroid shields, or
leaded glasses. The TLDs were taped to the skinim-
mediately lateral to the eye for the eye recordings.
Eight control studies were conducted without the
protective drape, and four studies were completed
under similar conditions using the protective drape,
for atota of 108 TLD recordings on the nine partic-
ipating physicians and the 12 patients.

Phase 3

A single radiologist with consistently excessive
TLD measurements was asked to use the protective
drapes routingly. In addition, this physician at-
tempted to carefully perform collimation during al
procedures. TLD measurements were recorded for 3
months: the first 2 months without the use of the

Fig. 2—Interventional procedure with setup as used in this study. Sterile,
disposable, lead-free radiation-protective surgical drape (arrows) is
placed between operator and primary beam. Operator stands in “shadow”
produced by protective drape.
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protective drape, and the last month with the protec-
tive drape used in most (but not all) procedures.

Results
Phase |

The scatter rates at 30 cm from the ster-
num, together with the automatic brightness
system fluoroscopic entrance exposure rates,
are tabulated in Table 1 for various bismuth
drape lead equivalencies with no collimation.
These same results when 8 x 8 cm collima-
tion is used are aso given in Table 1. Note
the scatter rates are reduced by five- to nine-
fold despite a 30-40% increase in entrance
exposure as the lead equivalency increases.
Also, the scatter (as expected) can be sub-
stantially reduced through the use of in-
creased collimation (see Table 1).

Phase 2

Patient studies were performed using a
drape of uniform thickness and bismuth con-
tent. Scatter radiation to the physicians as
measured by the TLDs placed on the thyroid,
each eye, and the wrist was reduced by afac-
tor of 12 for the eyes, 25.8 for the thyroid,
and 29.4 for the hands. As evidenced by the
skin entrance doses to the patients, both the
control procedures and the drape-protected
procedures were of a broad range of com-
plexity (Table 2). Because TLDs were posi-
tioned on the skin surface lateral to each eye,
the recordings for the right and Ieft eyes are
strikingly different, showing the effect of the
skull on scatter X-ray attenuation (Table 3).
Note that with the exception of a single left
wrist recording during an extended fluoro-
scopic procedure, measurements for the as-

sistant in each procedure performed with the
radiation-attenuating surgical drape were
negligible. Presumably, in this case, the as-
sistant was asked to hold or position adevice
close to the primary beam (Table 2, radiolo-
gist 2, left wrist).

Phase 3

A single interventiond radiologist who had
exceptionally high TLD measurements was
given the opportunity to use the protective
drapes routinely. In addition, this physician at-
tempted to improve the use of collimation and
to keep exposure times to aminimum. Thisin-

dividua’s TLD measurements decreased four-
fold from the previous 2 months. These results
are summarized in Table 4.

Discussion

Radiation protection for radiologists and ra-
diology personne is an accepted standard of
practice in al medicd facilities [14-19]. Asa
result, the occupational radiation dose for most
medica workers has declined steadily during
the last three or four decades [1, 4, 5, 9, 10].
However, there are exceptions to this decline.
Areas of concern include interventional radiol-

TABLE 1 Fluoroscopy Scatter Rate, Skin Entrance Dose, and Percentage of
Reduction as a Function of Shielding Lead Equivalency and Collimation

Lead Equivalency Entrance Exposure Rate Scatter Rate 0 .
(mm at 70 kvp) (HC/[kg (in]) (HC/[kg nin]) at 30 cm % Reduction

Without collimation

0 452 40.5

0.004 459 34.8 14

0.10 542 155 62

0.24 604 6.2 85

0.33 617 5.4 87

0.41 630 49 88

0.98 784 2.6 94
With 8 x 8 cm collimation

0 400 15.0

0.004 410 129 14

0.10 488 46 69

0.24 516 31 79

0.33 537 34 78

0.41 526 31 79

0.98 601 2.1 86

-\ z1N=23ll Skin Entrance Dose Measurements (in mGy) from Thermoluminescent Dosimeters

Patient Skin Radiologist 1 Radiologist 2
Entrance Drape
Dose Thyroid (%) | Left Eye (%) | RightEye (%) | Left Wrist (%) | Thyroid (%) | LeftEye (%) | RightEye (%) | Left Wrist (%)
408.70 No 0.57 (0.14) 0.68 (0.17) — 0.99 (0.24) 0.78 (0.19) 0.70(0.17) 0.51(0.12) 2.67 (0.65)
54.05 No 0 0 0 0.05 (0.09) 0.03 (0.05) 0 0 0
11.00 No 0.03(0.27) 0.02 (0.18) 0.02 (0.18) 0.17 (1.5) 0.10 (0.92) 0 0 0
76.63 No 0.46 (0.60) 0.36 (0.47) 0.07 (0.09) 1.39(1.8) 0.05 (0.07) 0.09 (0.12) 0.02 (0.03) 0.06 (0.08)
— No 031 0.37 0.17 0.41 0.04 0.04 0.02 0.09
— No 0.06 0.05 0.15 0.06 0.09 0.08 0.11 0.09
— No —_ 0.64 0.65 0.64 — —_ — —_
126.13 No 0.35(0.28) 0 0.02 (0.02) 2.65(2.1) 0.42 (0.33) 0.29 (0.23) 0.02 (0.02) 0.40 (0.32)
15.70 Yes 0 0 0 0 0 0 0 0
215.00 Yes 0.04 (0.02) 0 0 0.02 (0.01) 0 0 0 0
388.50 Yes 0.09 (0.02) 0.06 (0.02) 0.03(0.02) 0.18 (0.05) 0 0 0 0.26 (0.07)
542.70 Yes 0.25 (0.05) 0.28 (0.05) 0.19 (0.03) 0.26 (0.05) 0 0 0 0
Note.—% = percentage of entrance dose. Dash (—) indicates failure or loss of thermoluminescent dosimeter recording.
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TABLE 3 Average Thermoluminescent Dosimeter Measurements Expressed as
Percentage of Skin Entrance Dose Without and With Protective Drape

Study Thyroid Left Eye Right Eye Left Wrist
Without drape 0.284% 0.134% 0.046% 0.678%
With drape 0.011% 0.009% 0.005% 0.023%
Dose reduction factor 25.8 14.9 9.2 29.4

Thermoluminescent Dosimeter Measurements (in mGy) Without and With
TABLE 4 .
Protective Drape

Month Protective Drape Deep? Shallow®
1 No 19.68 19.51
2 No 19.07 18.48
3 Yes® 4.83 4.82

8penetrating ionizing radiation at a depth of 1 cm.
bNonpenetrating skin dose.

CIn addition, an attempt was made to improve collimation and reduce exposure times.

ogy, cardiac catheterizations, and C-arm fluo-
roscopic procedures [10-16]. Personnd in
each of these areas recelve radiation exposures
that approach or even exceed the recom-
mended dose limits [10, 20-24]. As many as
50% of these personnel have been found to
rarely or never wear their assgned dosimeters.
Reasons for this lack of compliance probably
include skepticism about the risk as estimated
by the dosimeter, fear of being asked to limit
fluoroscopy time, and the excessive adminis-
trative requirements of investigating high TLD
measurements even if they are within the rec-
ommended guidelines [12, 13]. Interventiona
radiologists continue to be exposed to radia-
tion that will produce substantial side effects
such as radiation-induced cataracts and radia
tion dermatitis [2, 3]. Routine angiography
procedures, particularly cerebra angiography,
result in relatively low levels of radiation expo-
sure unless advanced interventional proce-
dures are required [12, 20, 22, 24, 25].
However, abdomina angiography may result
in substantialy greater doses, especialy to the
hand, for which the dose may be nearly 10
times as great asfor cerebra angiography. The
hand dose during cardiac catheterization may
be as much as 20-50 times the dose in cerebral
procedures with similar procedure times. Sim-
ilar differences are also seen for exposure to
the eyes and the thyroid gland. When the pro-
cedures are complex, the doses may be as
much as 50% greater than has typicaly been
reported [12, 20, 22, 24].

As interventional radiology procedures in-
crease in complexity, the length of these proce-
dures often increases proportionately, and the
physicians and staff are required to be near the
patient and the X-ray tube for prolonged peri-
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ods of fluoroscopic time. It is increasingly
common for the fluoroscopy beam to be on for
aslong as 60 min or morefor agiven case, and
dose rates may be asmuch as5 R (1290 puC/kg)
per minute. Workers in this environment are
increasingly exposed to greater levels of radia-
tion, and the trend is toward more rather than
lessradiation risk [2, 8, 10-28].

A number of methods have been devised to
decrease the radiation dose to medical workers,
including radiation-protective gprons, thyroid
shidlds, leaded glasses, and severd types of cell-
ing- or floor-mounted shields [2, 6, 7, 14-19,
25-28]. In addition, radiation-attenuating surgi-
ca gloves have been advocated because hand
doses are generdly greater than doses to other
parts of the body [2, 6, 7, 25, 28] (Tables 2 and
3). The combination of forward-scattered X
rays, backscattered X rays, and secondary elec-
trons released from the glove materia reduces
the effectiveness of these radiation-attenuating
surgica gloves [7]. Some publications caution
that radiation-attenuating gloves should not be
relied on as a primary means of radiation pro-
tection, and that the first line of defense is to
keep the examiner's hands out of the primary
beam [2, 6]. Our study supports this point by
showing that limiting exposure to the primary
beam and decreasing the amount of scatter will
markedly decrease the radiation dose not only
to the hands (as much as 30-fold) but aso to the
thyroid (25-fald) and the eyes (12-fald). Thera
diation exposure to support staff or an assigtant
may be negligible, even for prolonged and com-
plicated procedures, when the method reported
here is used. Given the demand for complex
procedures that involve prolonged radiation ex-
posure, reducing the dose to physicians and
steff isincreasingly important.

The concept of using a radiation protec-
tion shield placed on the patient to attenuate
the scatter radiation that may reach an opera-
tor is not new. Results similar to those pre-
sented here have been shown for similar
shields produced from lead [15-19]. How-
ever, because of the need for universal pre-
cautions and the toxic nature of lead, the use
of nondisposable lead devices has not proven
practical [29-35]. The use of materials other
than lead for radiation shielding has aso
been thoroughly investigated. The device in-
vestigated here is a lead-free, disposable, ra-
diation-protective, and sterile surgical drape
that not only alows a sterile surgical barrier
but also provides substantial radiation pro-
tection to the primary operator (Tables 2—4).
Because it is lead-free, the device does not
raise additional environmental concerns and
can be disposed of in the same way as any
surgical drape [29-32]. The results of our
study are equally important for support per-
sonnel and assistants, who may receive neg-
ligible amounts of radiation even during long
and complex fluoroscopic procedures when
this radiation-protective surgical drape is
used (Table 2).

At the time of thiswriting, the price is ap-
proximately $34 per drape, which adds rela-
tively little to the cost of the procedure.
Opening the package and positioning the
drape on the patient usually takes less than 1
min. Because the drape is radiopaque, it may
need to be repositioned from time to time
during complex procedures, or it may be re-
moved completely and later replaced if nec-
essary. Because the drape material isflexible,
these adjustments can usually be done in a
few seconds. However, if the largest area of
the drapeisinitially placed on the side of the
patient nearest the operator, the need for re-
positioning is usually minimal. We believe
that the large reduction in radiation dose to
the operator is well worth the small amount
of time and the relatively little added cost re-
quired to use the drape.
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