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STERILIZABLE COVER
BACKGROUND

The present disclosure relates generally to radiation protection devices, and specifically to devices to

W

protect medical personnel from radiological hazards in the operating room.

BACKGROUND

Recent improvements in electronics and robotics have enabled surgeons to use noninvasive
microsurgical technigues 1o replace numerous open incision technigues. When the site of surgical intervention

is not ogen to the operating room, the site must still be v

ualized in order 1o adequately guide and control the
10 instruments. This can be accomplished by radiclogical monitoring, the most common example of which is X-ray
manitoring. During the procedure an X-ray generator is positionad on one side of the patient to emit X-rays 1o
the surgical site (this is generally below the patient, aithough the position of the X-ray generator can be varied
as necessary)., An X-ray intensifier is positioned to receive the emitted X-rays after they have passed through
the surgical site, to convey image data to a monitor or other means to present a visual image o the surgeon.
15 Although these microsurgical technigues represent 3 vast improvement over previous open baody
techniques in terms of trauma to the patient, recovery time, and risk of infection, the constant radiological
rnonitoring exposes everyone involved to more radiation than was required using the old techniques. This is a
minor concern for the patient, who is likely to undergo only a small number of such surgeries in a lifetime.
However, the professional medical staff who perform these procedures have much more freguent exposure,
20 and the cumulative exposure could easily exceed sate imits unless the staff are somehow grotected.
Previous attempts to solve these problems have serious limitations. Placing heavy shielding around
the patient can block the radiation from reaching the medical staff. However, the medical staff still need
access to the patient’s body, so compiete shielding Is impractical; because the human body is transparent to X-
rays {“radiolucent”), X-rays can shine through the patient’s body and expose the medical staff. Any surgery
25 carries with it a risk of life-threatening complications that would require the medical staff to have immediate
access to the patient’s body. Heavy shields around the patient’s body are bulky and difficult to move, which
can prevent emergency accass by the medical staff to the patient in such a situation.
Another attempt to protect medical staff during such procedures has involved worn shielding, or

basically radiation “armor.” These have taken the form of lead vests, lead skirts, iead thyroid collars, feaded

)

30 acrylic face shields, leaded acrylic glasses, and “zero gravity” leaded suits. Radiation armor has a serious
disadvantage: it must be of significant mass to block X-rays {generally containing lead, a very dense metal}, and
it is heavy to wear. Wearing heavy radiation armor rapidly fatigues even a physically fit wearer, and with
chronic use can cause orthopedic disorders. When using radiation armor to protect meadical staff from X-rays,

one health hazard is simply being exchanged for another,

[9N]
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Glasses and face shields by themselves might be of a manageable weight, but alone they protect only

a tiny portion of the tody.
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“Zero gravity” suits are leaded body suits that are suspended by a rigid metal frame. The frame is
mounted on some supporting structure, such as the floor or ceiling. As a resuit the wearer does not support
the suit with his or her body. This type of suspended armor has additional drawbacks, It leaves the wearer’s

hands and lower arms uncovered and unprotected to aliow the wearer to engage in fine manual work. 1t limits

(9]

the wearer’s range of bodily movement to movements that can be accommodated by the frame, often
preventing the wearer from bending over or sitting. They use a static face shield that prevents the wearer from
bringing anything dose to the face, for example for visual scrutiny. Suspended armor systems are extremely
expensive due to their complexity and due to material costs.

Another form of radiation armor is the mobile “cabin,” that is a radiopagque box on wheels in which
10 the user stands. The user s able to push the cabin from place to place while inside. The cabin has arm ports at
a certain height and a visually transparent portion at a certain height. As a result the user’s hands and face
cannct be repositioned or recorientad much, for example to stand or lean over. It also uses a static face shisid
that prevents the wearer from bringing anything close to the face, for example for visual scrutiny.

There is therefore a need in the art for a means to shield medical staff from X-rays to which a patient

[y
W

must be exposed that does not encumber the user's body, allows access to the patient’s body, and can be
rapidly reconfigured if necessary.
SUMMARY
The present disclosure describes a radiation shield assembly that addresses the problems described
above by interposing a barrier between an operating area and an area containing medical personnel, Working
20 in conjunction with the shield curtain hanging below the operating table, the shield assembiy significantly
reduces the radiation that reaches the personnel area both directly from the radiation generator and indirectly
through the patient’s radiclucent body, allows access to the patient’s body, allows complete freedom of
rmovement on the part of the user, and can be easily reconfigured as needed. The shield assembly generally
comprises two shield structures supported by a support member such as a mast or suyspension arm. Each
25 shield structure has at least one generally vertical shield, and the two vertical shields can be rotated relative to
one another about the longitudinal axis of the support member and transiated relative to one ancther about
the longitudinal axis of the support member.,
in a first aspect a radiation shield assembly is provided, configured to block radiation emanating from
a radiation source. In the first aspect the assembly comprises supporting means 1o support the assembiy; first
30 shieiding means to block radiation from the source in a first approximately vertical plane, fastened to the
supporting means, and comprising an appendage opening dimensioned to allow a human appendage to pass
through the first shielding means; and second shielding means to block radiation from the source in a second
approximately vertical plane, fastened to the supporting means to allow the second shielding means to

transiate and rotate along an approximately vertical axis relative to the first shielding means.
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A second aspect of the radiation shield assembly is provided, said second aspect comprising: a
support arm constructed to support at least the majority of the weight of the shield assembly, the support arm
having a lengitudinal axis; a first generally planar vertical shield fastened to the support arm, and having an

opening proximate to a lower end dimensioned to admit a human appendage; a second generally planar

P
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vertical shield translatably and rotationally connected to the support arm to rotate about and translate along
an axis that is approximately parallel to the longitudinal axis of the support arm; wherein the first vertical
shieid, first horizontal shield, second vertical shield, second horizontal shield, and iower vertical shield are aii

radiopague.

(9]

in a third aspect a system for shisiding a user from a bottom-mounted X-ray generator while said user
attends to a prostrate patient positioned above the X-ray generator is provided, the system comprising: a table
constructed to support the patient, the table having a longitudinal axis and a transverse axis; the X-ray
generator positioned below the table; an image intensifier positioned above the table to receive X-rays
projected from the X-ray generator; a radiopague curtain shield extending downwardly from the table on at
10 least a first side of the table; and a radiation shield assembly comprising 3 support arm constructad to support
the weight of the shield assembly and having a generally vertical longitudinal axis, a first shield assembly
fastened to the support arm, comprising a first generally planar vertical shield, positioned proximate 1o the
first side of the table and approximately paraliel to the longitudinal axis of the table and an opening in the first

vertical shield positioned above the table to allow the patient’s arm to pass through the ogening; and a second
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shield assembly rotatably and translationally fastened to the support arm to allow the second shield assembly
to rotate and franslate about an axis approximately parallel to the longitudinal axis of the support arm, the
second shield assembly comprising a second generally planar vertical shield positioned above the table;
wherein the second vertical shield may be rotated about its axis to be approximately orthogonal to the
longitudinal axis of the table or to be approximately paraliel to the longitudinal axis of the table.

20 in a fourth aspect, a radiation shield assembly configured to block radiation emanating from a

radiation source is provided, the assembly comprising: a support arm constructed to support at least the
majority of the weight of the shield assembly, the support arm having a longitudinal axis; a first generally
planar vertical shisld fastened to the support arm via a first radiopagque joint; and a second generally planar
vertical shield translatably and rotationally connected to the support arm via a second radiopague joint to
25 rotate about and translate along an axis that is approximately paraliel to the longitudinal axis of the support
arm.
in a fifth aspect, a radiography method is provided, comprising: positioning any of the radiation shieid
assemblies above between a patient and a user, such that an appendage of the patient extends through an
appendage opening in the shieid assembly; inserting a medical device into vasculature of the appendage; and
30 irradiating the patient using a radiation generator positioned such that radiation passes at least partially
through the patient while being blocked from reaching the user by the shield assembly.
in any of the above aspects a sterile covering may be present on one or more of the shields or

shielding means.

The above presents a simplified summary In order to provide a basic understanding of some aspects
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of the claimed subject matter. This

summary is not an extensive overview. It is not intended to identify key or
critical elements or to delineate the scope of the claimed subject matter. its sole purpose is to present some
concepts in 3 simplified form as a prelude to the more detailed description that is presented later,

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1. An embodiment of the shield assembly showing the first and second vertical shields orthogonal to
one ancther, in which the second vertical shield is lowered.

FIG. 2. The shield assembly shown in FiG. 1, in which the first and second vertical shields are orthogonal to
one another, in which the second vertical shield is raised.

FG. 3. The shield assembly shown in FIG. 1, in which the second vertical shield has been rotated to be

roughly parallel to the first vertical shieid.

FIG. 4. An embindiment of the shield assembly supported by a Hoor unit.

FIG. 5. An embodiment of the shieid assembly supported by a ceiling-mountad boom.

FIG. 68 An embodiment of the shield assembly supported by a ceiling-mounted monorail.

FG. 7. An embodiment of the shield assembly supported by a wall-mounted boom {wall is invisible).

FiG. 8. An embodiment of the shield assembly supported by a supported by a wall-mounted monorail (wall
is invisibie}.

Fi. 9. An embodiment of the shield assembly having a sixth shield.

FIG. 10. A pgerspective view of an embodiment of the shieiding system including an operating table, X-ray

generator, and X-ray image intensifier. A patient is shown in an exemplary position.

HG. 11, Afront view of the embodiment of the shislding system in FIG. 10.

FiG. 12, iHustration of sensor positioning on an exemplary shield during dosimetry testing.
FIG. 13.  iHustration of sensor positioning on a lead apron during dosimetry testing.

FIG. 14,  llustration of sensor positioning on shield during uniformity testing.

FiG, 15, iHustration of sensor resuits on shield in uniformity testing.

FiIG.16.  An embodiment of the shield assembly compr

ng a flexible radiopaque member on the bottom of

the first shielding means, and showing a pneumatic piston for raising and lowering the second horizontal

shield.

An embodiment of the shielding system including an operating table, X-ray generator, and X-ray

image intensifier showing a radiopague drape below the operating table.
FIG. 18,  An embodiment of the shield assembly with sterile coverings in place.
FIG. 18, Embodiments of sterile coverings for use with certain embodiments of the shield assembly.
DETAILED DESCRIPTION
Al DEFINITIONS

Unless otherwise defined, all terms {including technical and scientific terms} used herein have the
same meaning as commonly understood by one of ordinary skill in the art of this disclosure. it will be further
understond that terms, such as those defined in commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the context of the specification and should not be
interpreted in an idealized or overly formal sense unless expressiy so defined herein. Well known functions or
constructions may not be described in detail for brevity or clarity.

The terms “about” and “approximately” shall generally mean an accepiable degree of error or
variation for the quantity measured given the nature or precision of the measurements. Typical, exemgplary

degrees of error or variation are within 20 percent (%}, preferably within 10%, and more preferably within 5%
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of a given value or range of values. For example, the terms “spproximately paraliel” or “approximately

Ei’i

vertical” refer to an angle within an acceptable degree of error or variation from true parallel or vertical, such

as within 45, 25, 20, 15, 10, or 1° of true parallel or vertical. Numerical quantities given in this des

ription are

approximate unless stated otherwise, meaning that the term “about” or “approximately” can be inferred when

(9]

et

not expressiy stated. Claimed numerical guantities are exact unless stated otherwise.

it will be understood that when a feature or element is referred to as being “on” ancther feature or
element, it can be directly on the other feature or element or intervening features and/or elements may also
be present. in contrast, when 3 feature or element is referred to as being “directly on” another feature or
element, there are no intervening features or elements present. It will also be understood that, when a feature

“g,

10 or element is referred to as being “connected”, “attached”, “fastened”, or “cougied” to another feature or
element, it can be directly connected, attached, fastened or coupled to the other feature or element or
intervening features or elements may be present. In contrast, when a feature or element is referred to as

being “directly connected”, “directly attached”, “directly fastened”, or “directly coupled” to another feature or

element, there are no intervening features or elements present. Although described or shown with respect to

15 one emboediment, the features and elements so described or shown can apply to other embodiments.

The terminology usad herein is for the purpose of describing particular embodiments only and is not
intended to be limiting. As used herein, the singular forms “a”, “an” and “the” are intended to include the
plural forms as well {i.e., at ieast one of whatever the article modifies}, unless the context clearly indicates
otherwise.

20 Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper” and the like, may be used

herein for ease of description to descrive one element or feature’s refationship to another when the apparatus
is right side up as shown in the accompanying drawings.
Terms such as “at least one of A and B” should be understood to mean “only A, only B, or both A and
B.” The same construction should be applied to longer list {e.g., “at least one of A, B, and C”). In contrast,
25 terms such as “at least one A and at least one B” should be understood to require both A and B.
The terms “first”, “second”, “third,” and the like are used herein o describe various features or

elements, but these features or elements should not be limited by these terms. These terms are only used 1o

distinguish one feature or element from another feature or element. Thus, a first feature or element discussed

helow could be termed a second feature or element, and similarly, a second feature or element discussed

30 below could be termed a first feature or element without departing from the teachings of the present
disclosure.

The term “consisting essentially of” means that, in addition 1o the recited elements, what is claimed

may also contain other elements {steps, structures, ingredients, components, etc.) that do not adversely affect

the operability of what is claimed for its intended purpose as stated in this disclosure. This term excludes such

03
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other elements that adversely affect the operability of what is claimed for its intended purpose as stated in
this disclosure, even if such other elements might enhance the operability of what is claimed for some other

purpose.
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it is to be understood that any given elements of the disclosed embodiments of the invention may be
embodied in a single structure, a single step, a single substance, or the like. Similarly, a given element of the
disclosed embodiment may be embodied in multiple structures, steps, substances, or the like.

B. RADIATION SHIELD ASSEMBLY

(9]

A radiation shield assembly 100 is provided, configured to block radiation emanating from a radiation
source and supported by a support means 145 to support the assembly 100. As shown in FIGS. 1-3, a first
stiieiding means 105 is positioned in a first approximately vertical plane. The first shielding means 105 is
fastenad to the support means 145, and has an appendage opening 110 dimensioned to allow 3 human
appendage to pass through the first shisiding means 105. This gives access to the patient’s arm {or
10 alternatively the leg or torse) for the introduction of a medical device {such as an arthroscaopic instrument) via
the patient’s vasculature.

A second shielding means 115 is positioned in a second approximately vertical plane, fastenad o the
support means 145, to allow the second shielding means 115 to translate and rotate along an approximately

vertical axis relative to the first shielding means 105. The second shielding means 115 can thus be raised,

[y
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lowered, or swung relative o the first shielding means 105 if necessary to gain access to the patient {compare
FIGS. 1-3).

To protect the medical staff from radiation shining through the appendage 110, a third shielding
means 120 may be positioned to block radiation from the appendage opening 110 in a first approximately
horizontal plane that is approximately orthogonal to the first vertical plane. The third shielding means 120 may
20 be fastened to the first shielding means 105 such that the third shielding means 120 transiates and rotates

with the first shielding means 105, In other words, the first 105 and third shieiding means 120 may be static to
one another in at least one configuration of the assembly 100 (although in some embodiments they might be
mobile in at least one degree of freedom relative to the support arm 150 or other parts of the assembly 100).
Additional (or alternative} protection may be provided in the form of a flexible radiopaque member on the
25 hottom of the first shielding means 105. in an alternative embodiment of the shield assembly 100 a flexible
radiopague member 220 is used in place of the third shielding means 120, to intercept radiation emanating
through the appendage opening 110. Examples of such flexible radiopague members 220 include a shroud, a
sieave, a curtain, and one or mare leaves of an iris port. They may be constructad from any suitable flexible
and radicpagque material.
30 A fourth shielding means 125 may be gositionad in a second approximately horizontal plane. The
second horizontal plane is approximately orthogonal to the second vertical plane. The fourth shielding means
125 is fastenad to the second shielding means 115 such that the fourth shielding means 125 translates and
rotates with the second shielding means 115, for example along the support means 145. Additional protection

may te provided in the form of a flexible radiopague shroud on the bottom of the fourth shielding means 125.

03
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In an alternative embodiment of the shield assembly 100 a flexible radiopaque shroud is used in place of the
fourth shielding means 123,
A fifth shielding means 135 may be present, positioned in a third approximately vertical plane that is

approximately orthogonal to the second approximately vertical plane and to the second approximately

6
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horizontal plane, connected to the second shielding means 115 such that the fifth shielding means 135
transiates and rotates with the second shielding means 115, and extending downward.

Some embodiments of the shield assembly 100 include a sixth shielding means 140, positicned in 3

fourth approximately vertical plane, connected 1o the first shielding means 105 such that the sixth shielding

(9]

reans 140 extends downward. The fourth approximately vertical plane may be approximately garallel to the
first vertical plane. The sixth shielding means 140 may be positioned to protect the user’s lower body from
radiation. The sixth shielding means 140 may take any of numernus sultable forms, including one or more of a
generally pianar shield, a flexible drape, and an extension of the first shieiding means 105.

The first 105 and second shielding means 115 may be configured to swing about a common axis, like a
10 hinge {compare FIGS. 1 and 2}. The axis may be the longitudinal axis of the support means 145, for examgple. in
other embodiments, the first 105 and second shielding means 115 may each swing about each of two separate
axes, in which said axes are approximately paraliel to each other. In some such embodiments, the axes may

both be approximately parallel to the longitudinal axis of the support means 145, By analogy, the first 105 and

second shielding means 115 are enabled 1o swing relative to each other tike the back and front covers of a

[y
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hook. In some embodiments the first 105 and second 115 shields are capable of assuming relative positions of

about 180° from cone ancther, such that they are approximately parailel and/or collinear when seen from
above. Such an “open” configuration is useful to form a barrier along the entire length of a prostrate patient.
In some embodiments the first 105 and second 115 shields are capable of assuming relative positions at or
approaching 0° fram one another, in which case they may be in contact with one another, or in close proximity

20 and approximately parallel. in some embodiments the first 105 and the second shielding means 115 are
configured to rotate relative to one another over an arc of at least about 90°. In some further embodiments,
the first 105 and the second shielding means 115 are configured to rotate relative to one another over an arc
of up to about 180°, and in further specific embodiments over an arc of from about 0-180°.

The first 105 and second shielding means 115 may also be configured to translate relative to one

25 ancther, or to translate together along the support means 145 {compare FIGS. 1 and 2). The shield assembly
100 may comprise a means for franslating 225 at least cne of the first 105 and second shielding means 115
along the support means 145, By way of example, such means for translating 225 could be an assist
mechanism, a counterweight mechanism, an electric motor, a hydraulic mechanism, a pneumatic mechanism,
a manual mechanism, or any combination of the foregoing.

30 The support means 145 may be configured to allow the entire shisiding assembly 100 to translate
within the operating room, relative to an operating table 305, For example, the support means 145 could be
configured to allow manual translation of the entire shielding assembly 100, or to allow mechanical transiation
of the entire shielding assembly 100 by means of ocne or more actuators. Some embodiments of the support

reans 145 constitute a support arm 150, The sugport arm 150 will be configured to support most of the
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weight of the assembly 100 {if not all of it). In the illustrated embodiment in FIGS. 2 and 3 the support arm 150
is an elongate steel structure, with a longitudinal axis that is generally vertical when the shield assembly 100 is
in use. The support arm 150 can be constructed of any material of sufficient mechanical strength 1o support

the assemnbly 100, and could be designed by one of ordinary skill in the art. Preferably the support arm 150 is

7
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constructed from material that is also radicpague to the expected frequency and intensity of radiation. For
example, some embodiments of the support arm 150 are opagque to X-rays at energies typical of radiology

apgplications,

-4

he support means 145 will be supported by the ceiling, floor, wall, or another structure. When floor-

(9]

mountad (as in FIG. 4}, it can be suspendad by varicus structures. The support means 145 could be integrally
rounted on the floor, or alternatively supported by a stand, either mobiie or static.

Some embodiments of the supporting means 145 comprise an approximately vertical mast 155, The
supporting means 145 is capable of supporting the shield assembly 100 to some extent. For example, some
embodiments of the supporting means 145 are capable of supporting the majority of the weight of the
10 assembly 104, In further embodiments, the supporting means 145 is capable of supporting about the entire
weight of the assembly 100, or the entire weight. The mast 155 may be supported by various means. in some
embodiments of the radiation shield assembly 100, the mast 155 is supported by 3 floor stand 170. The floor
stand 170 may further comprise a plurality of wheels 175 to aliow easy deployment and removal of the

assembly 104, In further embodiments of the system, the mast 155 is suspended by an overhead boom 160

[y
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(see FIGS. 5 and 7). The use of an overhead boom 160 can provide easy mobility to even a relatively massive
assembly 100, aHowing the assembly 100 to be emplaced and removed relative to the patient qguickly and
easily. Various configurations utilizing the boom 160 are contemplated. For example, the mast 155 may be
configured to rotate about the longitudinal axis of the overhead boom 160, or to pivot relative 1o the overhead
boom 160. The mast 155 may be capable of transiating along the longitudinal axis of the cverhead boom 160.
20 In further embodiments of the system, the overhead boom 160 is supported by a second mast 165. The
second mast 165 may in turn be supported on a wheeled ficor stand 170, mounted on the ceiling, or mounted
on a wall. For example, the second mast 165 may be supported by a wall-mounted rail 180 or ceiling-mounted
rail 185 (see FIGS. & and 8}; in such embodiments the second mast 165 may be capable of transiating along the
wall-mounted rail 180 or celling-mounted rall 185. As another example, the second mast 165 may be
25 supported by a wall-mounted swinging arm 190 or ceiling-mounted swinging arm 195 {see FIGS. Sand 7). In a
further embodiment, the second mast 165 may be supported by a swinging arm that is in turn supported by a
wall-mounted rail 180 or ceiling-mounted rail 185, and wherein the swinging arm is capable of translating

along the wall-mounted rail 180 or celling-mounted rail 185.
in some embodiments in which the third horizontal shielding means 120 is present, the first shielding
30 reans 105 and the third shielding means 120 are configurad to transiate together vertically. For example, the
first shielding means 105 and the third shielding means 120 may be configured to translate together along the
supgort means 145, The degree of transiation may be configured t¢ optimize the shielding of the user from X-
rays while the user is standing or sitting. For example, the first shielding means 105 may be configured to

transiate along such that in a first position a top edge of the first shielding means 105 is at [east about the
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height of an adult human above the floor. Taking into account normal human dimensions, such height could be
175 cm, 180 cm, 185 cm, 180 cm, 195 cm, or 200 cm above the floor.
Sirnliarly, the first shielding means 105 itself will be dimensioned to provide adequate radistion

protection when in position during use. For example, it may have a height of at least about the distance from

8
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the upper surface of an operating table 305 to an average human's full height. In various embodiments the
first shielding means 105 has a height of at least about the distance from the upper surface of an operating
table 305 to 3 height of 175 cm, 180 cm, 185 cm, 180 cmy, 185 cmy, or 200 ¢m above the floor when said

operating table 305 is on the floor. A greater height has the advantage of shielding a greater area from X-rays,

(9]

wheareas a lesser height has the advantage of reduced weight and cost.

in the Hlustrated embodiment in the figures, the first shielding means 105 is intended to be
positioned roughly paralisl to the long axis of the operating table 303, and protect a user’s upper body from X-
rays emitted from a point below the tabie 305, In the illustrated embodiment the first shielding means 105 is a
generally planar vertical shield fastened to the support arm 156, Of course, the first shielding means 105 could
10 fulfill its function even if not exactly vertical, and could be designed to be inclined as necessary or desirable to
customize the shielded area. Some embodiments of the first vertical shield 105 will be designed to extend
above the head of the user, to prevent direct radiation from reaching the user’s head. The first vertical shield
105 could be designed to extend above the head of a standing user, or in some circumstances a sitting user.

The embodiment of the first vertical shield 105 shown has 3 length sufficient to extend from the head of the

[y
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patient to about the waist of the patient. Such a configuration is particuiarly useful in procedures in which
radiography is usad to visualize the patient’s thoracic region. The length could be increased to provide broader
protection, but such increase in length must be balanced with the additional weight and reduced flexibility in
configuration that will accompany such changes.

in the iliustrated embodiment an opening 110 is shown in the first shielding means 105 to allow the
20 patient’s arm to extend from the shieided area. The opening 110 may optionally contain flexible shielding
material such as a radiopague curtain or flexible flanges 220. The opening 1106 as shown Is semicircular, but
may take any shape that allows the patient’s appendage to extend through the shield. The opening 110
presents a possibie path for radiation leaks. The third shieiding means 120 is positionad to block radiation
shining through the opening 110 from irradiating the user. In the illustrated embodiment, the third shielding
25 means 120 is a horizontal shield positioned over the opening 110 and orthogonal to the first vertical shieid
105. This particular configuration is useful to biock radiation from an emitted position below the opening 110
and on the side of the vertical shield opposite 1o where the user is standing. The third shielding means 120 can

be oriented differently to accommodate a different emitted position relative to the opening 110,
in the iliustrated embodiment of FIGS. 1-3, the second shielding means 115 is configured to rotate
30 and translate relative to the first shielding means 105 to alfow the assernbly 100 to be adjusted according to
the dimensions of the patient and to allow the assembly 100 to be reconfigured to provide varying degrees of
access to the patient and protection from radiation. in the Hlustrated embodiment it takes the form of a
second approximately vertical shield 115 connected to the support arm 180 so as to allow it to rotate about

the longitudinal axis of the arm and translate paralie! to the same longitudinal axis. In FIG. 1 the second vertical
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shield 115 is shown in a position orthogonal to the first vertical shield 105. Such a configuration is useful in
practice to give the user access to a patient’s legs when the second vertical shield 113 crosses the patient’s

bady. It could also be lowered to the table 305 to form a complete shield if the patient is positioned with the
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head closest to the second vertical shield 115, In FIG. 3 the second vertical shield 115 is shown generally
paraliel to the first vertical shield 105.
The fourth shielding means 125 functions to block radiation that might shine from under the second

shielding means 115 when the second shielding means 115 is positioned above the table 305. in the

(9]

accompanying figures the fourth shielding means 125 is shown as a horizontal shield with a cutout 130. This
trapezoidal cutout 130 functions to provide access to a patient’s groin during the procedure, which can be
useful to allow access to the femoral vein for arthroscopic insertion. The cutout 130 is a useful, but optional,
feature of the second horizontal shieid 125, In the illustrated embodiment the second horizontal shield 125 is
positioned to intercept radiation emitied from below an operating table 305, but this structure could be
10 positioned differently to intercept radiation from ancther direction.

The fifth shielding means 135, when present, functions to intercept radiation from exposing a user’s
lower body when the user is iccated on the opposite side of the support arm 150 as the radiation scurce, Such
a structure is not generally necessary below the first shielding means 150 because operating tables typically
are equipped with leaded curtains hanging from the operating table for procedures that require radiclogical

monitoring. However, the curtain does not always run the entire length of the table or exiend along the width
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of the table.
fMost of the surface area of the shielding means are opague to the frequencies and intensities of
radiation which they are intended to block. Some embodiments of the shielding means may be entirely
radiopague. Exemplary materials that are radiopague to X-rays include lead pistes, lead filings, leaded acrylic
20 glass, and polymer suspensions of lead particles. Other heavy metals, such as barium, may be used, although
lead has the advantage of a very high atomic number and stable nuclides. As thickness increases along the
radiation vector radiopacity increases. In designing the shielding means a balance will be struck between
achieving adequate radiopacity and limiting the weight of the apparatus. For example, some embadiments of
the lead shield will be about 0.5-1.5 mm thick. Further embodiments of the lead shield will be about 0.8-1.0
25 mm thick. Less dense materials, such as leaded acrylic, must be thicker to achieve the same level of radiopacity
as lead. For example, some embodiments of the [eaded acrylic shield will be about 12-35 mm thick. Further
embodiments of the leaded acrylic shield will be about 18-22 mm thick. Lead barium type glass is ancther
suitable material. For example, some embodiments of the iead barlum type glass shield will be about 7-17 mm
thick. Further embodiments of the lead barium type glass shield wili be about 7, 9, 14, or 17 mm thick.
30 Comparing these exemgplary materials, lead has the advantage of better radiopacity per unit thickness, while
leaded acrylic and lead barium type glass have the advantage of visual transparency and X-ray opacity. In some
embodiments of the assembly 100 at least one of the first through fifth shielding means 105, 115, 120, 125,
135 is transparent to visible light. In such embodiments the transparent shielding means may have an optical

transmissivity that equals or exceads one of 50%, 55%, 60%, 65%, 70%, 75%, &D%, 85%, 90%, 85%, 39%, and
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100%.
Outside of the context of any specific material, the radiopacity of the shielding means can be

expressed as millimeter-lead equivalents. In varicus embodiments of the system, at least one of the first 105,

10
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second 115, third 120, fourth 125, or fifth shieiding means 135 has a radiopacity of lzast 0.5 mm, 1.0 mm, 1.5,
2, 3, or 3.3 mm lead equivalent.
Any of the shielding means described above may be joined to one another or joined to the support

means 145 via a radiopagque joint 205. Such a radiopague joint 205 will minimize the transmission of radiation

(9]

from the generator through the joint 205, This can be accomplished between plates for example by joining the
plates with a sufficiently narrow gap that a straight line cannot be traced from the radiation source through
the gap when in position as intended at the operating table 305. Such joints 205 can be constructed using, for
example, radiopague braces or lap joints. A radiopaque joint 205 with a support arm 150 can be constructed,
for example, using a radiopagque sleeve around the support arm 150 fastened to the shielding means.

10 The radiation shield assembly 100 is supported by the support arm 150 and positioned {o locate a first
and second shield assembiy between the patient and the user. The first shield assembly is fastened to the
support arm 150, comprising the first genarally vertical shield 105 and the first generally horizontal shield 120.
The second shield assembly is also fastened to the support arm 150 so as to rotate and transiate along the

longitudinal axis of the support arm 150 relative to the first shield assembly. The second shield assembly
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comnprises a second generally planar vertical shield 115 positioned above the table 305; a second generally

horizontal shield 125 connected to the second vertical shieid 115 and positionad above the table 305; and a

lower generally planar vertical shield 135 extending from the second horizontal shield 125 to below the table

305. The second vertical shield 115 may be rotated about its axis fo be approximately orthogonal to the

longitudinal axis of the table 305 or to be approximately paralle! to the longitudinal axis of the table 305.

20 The shield assembly may further comprise one or more sterile coverings to maintain asepsis during
procedures. Such coverings may be constructad from any material that {s amenable to sterilization. The
coverings may also be constructed from material that is sterile when manufactured, even if such material is
not amenable to subsequent sterilization; such embodiments of the coverings may be considered to be
disposable. The material that is amenable to sterilization may be amenable to only a single method of

235 sterilization, or to multiple methods. Known methods of sterilization include chemical sterilization, heat
sterilization {both wet and dry), and sterilization by radiation {such as gamma). The coverings may be
constructed from transparent material, which has the advaniage of allowing medical staff to view the patient if
one or more of the shields is also fransparent. One or more of the coverings may be radiolucent, as their
primary function is to provide an aseptic environment, not 1o provide additional radiation protection per se. In

30 some embodiments of the systern all of the coverings are radiolucent.

The shieid assembly may comprise one or more of: a first covering 405 on the first shielding means or
first vertical shield; a second covering 415 on the second shielding means or second vertical shield; a thirdg

covering 420 on the third shielding means or first horizontal shield; a fourth covering 425 on the fourth

shieiding means or second horizontal shield; a fifth covering 435 on the fifth shielding means or lower vertical

i; a sixth covering 410 on the sixth shielding means or third generally vertical shield; and a seventh
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covering 440 on the supporting means or the mast. in some embodiments of the shield assembly, the first,
third, and sixth coverings 405, 420, 410 are parts of 3 single component. In some embodiments of the shisid

assembly, the second and fourth coverings 415, 425 are parts of a single component. In the embodiment

11
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shown in FIG. 19 a first cover unit 450 comprises the first, third, and sixth coverings 405, 420, 410 that
surround the components of the first shield assembly; and second cover unit 455 comprises the second and
fourth coverings 415, 425 that surround the components of the second shield assembly.

The sterile covering may take varicus shapes. Examples include a drape that hangs down from a rod

(9]

or other support structure positioned above the drape. Ancther example is an encasement that covers
muitiple sides of one or more of the shields. Such an encasement may be hard-wailed (like a box) or soft {like
a bag). A soft encasement may include means to tighten the covering over the shield, such as a draw string.
The covering may be shaped 1o accommodate one or more of the shields.

FiG. 18 shows an embodiment of the shield assembly with sterile coverings in place. The first shieid
10 assembly {inciuding the first vertical shield and first horizontal shieid} is covered by a soft cover unit made of
transparent plastic. The soft cover unit includes a first covering section 405 that fits over the first vertical
shield and a third covering section 420 that fits over the first horizontal shield. The soft cover unit over the
first shield assembily can be tightened in place using a draw string. The second shield assembly is partially

covered by a second soft cover unit; the second soft cover unit includes a second covering 415 surrounding the
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second vertical shield and a fourth covering 425 over the second horizontal shield. The lower vertical shield is

covered by a fifth covering 435, which takes the form of a hanging drape. The support mast is also covered by

a seventh covering 440, such as a sterilizable drape. Note the small adhesive paiches by which the support
mast drape is adhered 1o the soft covers of the first and second shield assemblies.

The shielding assembly may be part of a greater system comprising an operating table 305, X-ray

20 generator 310, and image intensifier 315 (see FIGS. 10 and 11). The X-ray generator 310 will be positioned to

direct X-rays through the table 305 and to the image intensifier 315 on the other side, as Is known in the art.

The generator 310 and image intensifier 315 may be mutually mounted on a C-arm 320, for example. The

operating table 305 will frequently have a radiopagque curtain 325 hanging from at least one side of the table

305, The curtain 325 may also extend around two or more sides of the table 305. The curtain 325 is particularly

25 useful when the system is configured with the X-ray generator 310 below the table 305. The patient will

”

genarally be “prostrate,” meaning that the patient patent is lying on the table 305 in any suitable orientation,
including supine, prone, and lying on the side. Conventionally the patient will be positiohed on a table 305,
between an X-ray generator 310 and an image intensifier 315, for example as commaonly mounted on a C-arm
320. In the accompanying illustrations the X-ray generator 310 is shown below the patient, which is one
30 commonly used configuration, but not the only configuration in which the system could be used. The table
(such as an operating table 305} is capable of supporting the patient. Depending on the age and size of the
patient, various configurations of ogerating table 305 could be used. The image intensifier 315 will be
positioned to receive X-rays projected from the X-ray generator 310 {such as being positioned above the table
305 if the X-ray generator 310 is below). Typically a radiopague curtain shield 325 extends downwardly from

g

the table 305 on the side one which medical personnel will be working {the “first side”). The first shielding
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means 105 may be positioned to contact the table’s edge along its long dimension, or such that the boitom
edge to the first shielding means 105 is below the surface of the table 305 along its long dimension. The

second shielding means 115 may aiso be positioned parailel to the long dimension of the table 305, so as 1o

12
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form a barrier between the user and the patient’s lower extremities. In such a configuration the second
shielding means 115 will also be positioned so that its lower edge either contacts the table 305 or hangs below
the elevation of the table’s surface so as to block radiation from reaching the user. Alternatively, the second

shielding means 115 may be rotated relative to the first shielding means 105 at an approximately orthogonal

(9]

angle, so as to cross the operating table 305 iaterally. If the second shielding means 115 has a cutout at the
bottom to accommodate the patient’s body, this can provide the user access to the patient’s lower
extremities, for example 1o gain access to the femoral vein. The second shielding means 115 can be elevated
along the support means 145 approgriately to accommaodate the patient’s physiclogy. it is also contemplated
that the second shielding means 115 could be positioned laterally across the tabie 305, and in contact with the
10 table 305, for example if the patient’s head is {ocated proximate to the second shielding means 115 {not
shown}. Thus a medical device, such as a catheter or an arthroscopy instrument, can be inserted into the
patient’s vasculature through an arm or leg extending past the first 105 or second shieiding means 115 while
rainimizing the radiation that reaches the user.

A method of radiclogy Is provided, using any embodiment of the radiation shield assembly 100

15 disclosed above. The method comprises positioning any one of the radiation shield assemblies or systems
above between a patient and a user, such that an appendage of the patient extends through an appendage
opening 110 in the shield assembly; inserting a medical device into vasculature of the appendage; and
irradiating the patient using a radiation generator 310 positioned such that radiation passes at least partially
through the patient while being blocked from reaching the user by the shield assembly 100.

20 ¢ EXAMPLE

Analysis was performed at the testing location for the purpose of the evaluation of an embodiment of
the shielding system. Secondary scatiered radiation was created with two CIRS 76-125% patient eguivalent
phantoms using a Siemens C-ARM X-ray source that was normally used for flucroscopy operations. Analysis
was performed o survey scattered radiation through custom shielding and compared against no protective

25 shislding versus iead apron results.

The test sample was a custom lead-acryiic radiation protective shield fabricated specifically for C-ARM
applications. The shielding consists of a series of custom fabricated, 18.8 mm thick lead-acrylic material {Sharp
Mfg. West Bridgewater, MA}, having a minimum density of 4.36 g em™, a refractive index of 1.71, a thermal
expansion coefficient of 8£-6/° C (30-380°), and a Knoop hardness of 370. Specifically, the material is lead

30 barium type giass of high optical grade with greater than 60 percent heavy metal oxide, at lrast 55 percent
PhO. The lead equivalency of this material is guaranteed by the manufacture to be greater than 3.3 mm Pb.
The custom fabricated shielding design with labels was constructed generally as shown in FIG 4. With the
exception of the support system which is made from aluminum, the shielding system is entirely made from the

exact same source material. All the panels were fabricated and cut by the manufacturer.
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Scattered radiation was created using a Siemens Model 10394668 with Serial No 1398 Medical C-ARM
source through the CIRS 76-125 Lead-Acrylic Patient Equivalent Phantom extremity and forso used to
represent a3 patient torso with an arm {Computerized Imaging Reference Systems, Inc., Norfolk, VA} The

Siemens Medical C-ARM has a reported inherent filtration of 0.8 mm Al at 70 kv along with the diamentor

13
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chamber, size B with 0.2 mm Al at 70 kV. No secondary filtration was used for the measurements discussed in
this report.
Radiation measurements were made using a Victoreen 470A Pancramic Survey Meter with Serial No

2079. Caiibration was performed using a Cs-137 isctope source at the University of Alabama at Birmingham

(9]

{UAB) Radiniogy Labs.

Comparisons with lead aprons were carried out using two products, a Techno Aide lead apron with
serial no T116969, and a Xenolite with serial no 1 02 001, According to the manufactures’ information, both
lead aprons have 3 lead equivalency of 0.5 mm Ph.

Test methods and procedures were guided by ASTM F3094 (ASTM International “Standard Test
10 Method for Determining Protection Provided by X-ray Shielding Garments Used in Medical X-ray Flucroscopy
from Sources of Scattered X-Rays” ASTM Volume 11.03 Occupationol Heolth and Safety; Protective Clothing
(20173}, 1EC 61331-1 {international Electrotechnical Commission, “Protective devices against diagnostic
medical X-radiation - Part 1. Determination of attenuation properties of materials” (2014) aveilable ot

https://webstorejec.ch/publication/5283), and a medical physicist. A testing methodology was developed and
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created prior to being performed. ASTM F30%4 and IEC 61331-1 are incorporated herein by reference so as to
enable a person of ordinary skill in the art to perform the protocols.
The custom fabricated lead-acrylic shielding was tested for the attenuation of scattered radiation as
well as uniformity. In addition, measurements were made along the major edges of the total shieid as wellas a
semi-circular section where the physician will place the patient’s arm during procedure. Equivalent scatterad
20 radiation measurements were compared against 0.3 mm lead equivalent lead aprons. The final set of
measuraments were made with no shielding in place. All data was recorded on site. All measurements were
recorded using a 10 second exposure time and repeated at a minimal of three times. The criteria of protection
rating was based on the measured, scattered radiation attenuation from an 81 kV X-ray C-ARM source.
Radiation detected by the Vicioreen 470A represents scatiered X-ray radiation created by the
25 interaction of X-rays with the CIRS 76-125 patient equivalent phantom. The distance between the C-ARM X-ray
source was set at the default distance used for patient examinations of 17 inches or 43.18 cm. This grotocol is
referred to herein as the “Modified ASTM F3094/ {EC 61331-1 Protocol.”
Average scattered radiation measurements made with no shielding can be found in Table 1 below, All
measurements were made in triplicate at a8 minimal. Radiation measurements were first made with the
30 custom, fabricated shielding in place so that the exact position of the shieid, phantom, and detector could be
rarked for subseguent measurements without any shielding or comparison measurements with the two lead
aprons.

Table 1: Summary of Phantom, Scattered Exposure without Protective Shielding

Measurement Region mR/hr Avg (5td Dev}
Centered 3.725 (0.095}
Bottom, Edge 1.65 (0.1}

Right, Edge 1.67 (0.057)

14
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-

Top, Bdge 2.7(0.0)

Left, Edge 3.55{0.057)

Bottom, Lefi, Edge 2.267 (0.0R8)

All measurements were made in triplicate at a minimal. Average scattered radiation measurements
made with the custom, fabricated lead-acrylic shield (FIG. 12} can be found in Table 2 below. Measurements
rade through the custom fabricated shielding as well as currently accepted lead aprons are very low intensity

and only slightly above background radiation. As 3 result, replicate measurements yieided a low standard

5 deviation as compared to measurements without any shielding in Table 1 above.
Tabile 2: Summary of Phantom, Scattered Exposure with Custom Fabricated Shielding

Measurement Region mB/hr {Std Dev)

Centered 0.083 (0.029)

Rottom, Edge 0.15 (0.0}

Right, Edge 0.15(0.0)

Top, Edge 0.15{0.077}

Left, Edge 0.2 {0.0)

Rottom, Laft, Edge 0.25 (0.0}

in addition, measurements were performed to detect the levels of radiation in the precise position of
the physician while in use. Measurements were specifically made at the physicians groin height as well as the
physician’s chest height. The resuits are summarized below in Table 3.

10 Tabie 3: Summary of Phantom, Scattered Exposure with Custom Fabricated Shielding

Measurement Region mR/hr {5td Dev}

Physician Mid-Chest 0.0773 (0.0343)

Physician Groin 0.21{0.022)

Scattered radiation measurements were then made with a Techno Aide 0.5 mm lead equivalent apron
and can be found in Table 4 below. Measurements were made through a lead apron {(FIG. 13} for the purpose
of comparing an accepted, medical radiation protective device to the one being proposed in this study. Strict
comparison under actual, real-life positions was used in an attempt to provide the most accurate information

15 and comparison. A graphical representation has been created below with Table 4 summarizing the observed

averages for scattered radiation measurements with standard deviations.

Table 4: Summary of Phantom, Scattered Exposure with Techno Aide 0.5 mmPb Lead Apron

Measurement Region

mR/hr {Std Dev)

Centered

0.075 (0.027)

Bottom, Edge

0.075 (0.029)

Right, Edge

0.1125 {0.025)
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Top, Edge

0.1 (0.0)

Left, Edge

0.1 (0.0)

Once survey measurements had been completed on the first 0.3 mm lead equivalent apron, a second

lead apron was selected and replicate measurements were performed exactly as done for the Techno Aide

product. The measurements for average for scatiered radiation measurements are surmmarized below in Table

5 for the second, Xenolite lead apron comparis

Table 5: Summary of Phantom, Scattered Exposure with Xenolite 0.5 mmPb Lead Apron

Measurement Region

Avg (Std Dev), mR/hr

Centered

0.05 {0.0}

Bottom, Edge

0.1 {0.0)

Right, Edge

0.05 {0.0})

Top, Edge

0.1 {0.0)

Left, Edge

0.067 (0.03)

Two shield components were measured as a representative for uniformity to ensure that no voids are
present in the overall shield apparatus. These measurements were performed in the same manner as
described above. The results can be found in FIGS. 14 and 15. The data is represented in the same format as in
Tables 1-4 with the reported average scattered radiation measurement values and standard deviation in
parentheses.

As demonstrated by FIG. 14, no significant voids were observed while performing survey
measurements of Main Panel A, Radiation measurements vielded values very similar to previous
rmeasurements previously reported from ceniering on individual panels. An additional note, replicate
measuraments were essentially identical and yielding a low standard deviation.

As demonstrated by FiG. 15, the four regions were surveyed for uniformity with Main Body Panel A,
The average measured radiation value is represented above with the standard deviation in parenthesis. A
quick comparison between FIGS. 14 and 15 show very similar values between Main Panel A and Main Body
Panel A.

Pass/fail criteria is based on the pre-accepted performance criteria of industrial grade lead-acrylic
custom fabricated into a C-ARM shielding apparatus. in addition, this shielding apparatus must provide
protection equal to or greater than currently, accepted lead aprons used for the same application, Using the
state of Alabama guide that a medical worker receives no more than 5 Rem per year as a shallow dose
equivalent and used as the pass/fail criteria.

This study endpoints are based on the successful completion of all measurements dictated by
Alabama State guidelines for protective devices used by physicians in C-ARM patient examinations. The study
endpoint is specifically based on comparable measurements made using currently accepted lead aprons

against no protective shielding of any kind versus the custorn fabricated lead-acrylic shielding.
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The levels of radiation detectable behind the sponsoring custom, fabricated lead-acrylic shielding
were consistent with calculated values based on the manufacture’s performance criteria. The levels of
radiation detected are within the maximum allowable permitted dose of radiation for medical workers.

When compared to currently accepted lead aprons, relatively equal levels of attenuated radiation

(9]

were detected behind the custom shielding. The performance of the custom shielding and lead aprons is due
in large part to the detection of secondary radiation in this case, as opposed to primary radiation. Scatter
equivalent primary radiation is used to determine the official iead equivaiency of a material. Under actual
scatter conditions such as those used in this study, the measurable amount of secondary radiation is so low
that one would not expect measurable differences between materials with different lead equivalency.

10 Using the currently accepted dose equivalent of 5 rems (R} per vear, 52 work-weeks a year, and 40-
hours of exposure a week, total annual exposure with this shielding prototype was caiculated. According to
the highest observed radiation measurements made during this study of $.25 mR/hr, a 40-hour work week
would yield a total dose of 10 mR per week. Using the average value calculated from all measurements of

0.164 mR/hr, a 40-hour work-week would yield a total dose of 6.6 mR per week. Using the maximum possible
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dose of 10 mR per week, the custom fabricated shielding apparatus would yield a total dose of 520 mR or 0.52
R annual.

D. CONCLUSION

-4

he foregoing description iliustrates and describes the processes, machines, manufactures,
compositions of matter, and other teachings of the present disciosure. Additionally, the disclosure shows and
20 describes only certain embodiments of the processes, machines, manufactures, compositions of matter, and
other teachings disclosed, but, as mentioned abave, it is 10 be understood that the teachings of the present
disclosure are capable of use in various other combinations, modifications, and environments and s capabie of
changes or modifications within the scope of the teachings as expressed herein, commensurate with the skill
and/or knowledge of a person having ordinary skill in the relevant art. The embodiments described
25 hereinabove are further intended to explain certain best modes known of practicing the processes, machines,
manufactures, compositions of matter, and other teachings of the present disclosure and to enable others
skilled in the art to utilize the teachings of the present disclosure in such, or other, embodiments and with the
various modifications required by the particular applications or uses. Accordingly, the processes, machines,
manufactures, compositions of matter, and other teachings of the present disclosure are not intended to Himit
30 the exact embodiments and examples disciosed herein. Any section headings herein are provided only for

consistency with the suggestions of 37 CF.R. § 1.77 or otherwise to provide organizational gueues. These

headings shall not limit or characterize the invention{s} set forth herein.
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CLAIMS

The following is claimed:
1. Avradiation shield assembly, configured to block radiation emanating from a radiation scurce, the
assembly comprising:

{3} supporting means to support the assembly;

(b} first shielding means to block radiation from the source in a first approximately vertical plane,
fastened to the suppgorting means, and comprising an appendage opening dimensioned to allow a
human appendage to pass through the first shielding means;

(¢} second shielding means to block radiation from the source in a second approximately vertical plane,
fastened to the supporting means to allow the second shielding means to translate and rotate along
an approximately vertical axis relative to the first shielding means; and

{d} atleast oneof
{i) a first sterile covering on the first shielding means; and

{it) a second sterile covering on the first shieiding means.

2. The radiation shield assembly of claim 1, comprising: the first sterile covering on the first shielding means;
and the second sterile covering on the first shielding means.

3. The radiation shield assembly of any one of the above claims, comprising third shielding means to block
radiation from the appendage opening in a first approximately horizontal plane that is approximately
orthogonal to the first vertical plane, and fastened 1o the first shielding means such that the third
shielding means transiates and rotates with the first shielding means.

4, The radiation shieid assembly of any cne of the above claims, comgprising: third shielding means to block
radiation from the appendage opening in a first approximately horizontal plane that is approximately
orthogonal to the first vertical plane, and fastened to the first shielding means such that the third
shielding means translates and rotates with the first shielding means; and a third sterile covering on said

third shisiding means.

(€3]

The radiation shield assembly of any one of the above claims, comprising: third shielding means to block
radiation from the appendage opening in a first approximately horizontal plane that is approximately
orthogonal to the first vertical plane, and fastened to the first shielding means such that the third
shieiding means transiates and rotates with the first shielding means; wherein the first sterile covering
incorporates a third sterile covering on said third shielding means.

6. The radiation shield assembly of any one of the claims above, comgprising fourth shielding means to block
radiation from the source in a second approximately horizontal plane that is apgroximately orthogonal to
the second vertical plane, and fastened to the second shielding means such that the fourth shielding

means transiates and rotates with the second shielding means.

4

The radiation shield a

mibly of any one of the claim

sbove, comprising: fourth shielding means to block
radiation from the source in a second approximately horizontal plane that is approximately orthogonal 1o

the second vertical plane, and fastened to the second shielding means such that the fourth shielding
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means transiates and rotates with the second shielding means; and a fourth sterile covering on said fourth
shielding means.

8. The radiation shield as

mibly of any one of the caims above, comprising: fourth shielding means to block
radiation from the source in a second approximately horizontal plane that is approximately orthogonal 1o
the second vertical plane, and fastened to the second shielding means such that the fourth shielding
means transiates and rotates with the second shieiding means; and wherein the second sterile coverying
incorporates a fourth sterile covering on said fourth shielding means.

9. The radiation shield assembly of any one of the daims above, comprising fifth shielding means to block
radiation from the source in a third approximately vertical plane that is approximately orthogonal to the
sacend approximately vertical plane and to the second approximately horizontal plane, connected to the
second shielding means such that the fourth shielding means transiates and rotates with the second
shieiding means.

10. The radiation shield assembly of any one of the claims above, comprising: fifth shielding means to block
radiation from the source in 3 third approximately vertical plane that is approximately orthogonal to the

second approximately vertical plane and to the second approximately horizontal plane, connected to the

second shielding means such that the fourth shielding means transiates and rotates with the second

shielding means; and a fifth sterile covering on said fifth shielding means.

[y
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. The radiation shield assembly of any one of the claims above, comprising sixth shielding means to block
radiation from the source in 3 fourth approximately vertical plane that is approximately parailel to the first

approximately vertical plane, wherein the sixth shielding means is secured to the first shielding means.

[
N3

The radiation shield assembly of any one of the claims above, comprising: sixth shielding means to block
radiation from the source in a fourth approximately vertical plane that is approximately paraiiel to the first
approximately vertical plane, wherein the sixth shielding means is secured to the first shielding means;

and a sixth sterile covering on said sixth shielding means.

s
b

The radiation shield assembly of any one of the claims above, comprising: sixth shielding means to block
radiation from the source in 3 fourth approximately vertical plane that is approximately parailel to the first

approximately vertical plane, wherein the sixth shielding means is secured 1o the first shielding means;

and wherein the first sterile covering incorporates a sixth sterile covering on said sixth shielding means.

[y
=y

The radiation shield assembly of any one of the claims above, comprising sixth shielding means to block
radiation from the source in 3 fourth approximately vertical plane that is approximately parailel to the first
approximately vertical plane, wherein the sixth shielding means is secured to the first shielding means,
wherein the sixth shislding means is selected from the group consisting of: a generally planar shield, a
flexible drape, and an extension of the first shielding means.

15. The radiation shield assembly of any one of the claims above, wherein the first and the second shielding

means are configured to rotate relative to one ancther over an arc of at least about 30°.

16. The radiation shield assembly of any one of the claims above, wherein the first and the second shielding

means are configurad to rotate relative to one another over an arc of up to about 180°,



WO 2020/214992 PCT/US2020/028825

.
N

The radiation shield assembly of any one of the claims above, wherein the first and the second shielding

means are configured to rotate relative to one another over an arc of from about 0-180°.

.
o

The radiation shield assembly of any one of the claims above, wherein the supporting means comprises an

approximately vertical mast.

.
i

The radiation shield assembly of any one of the daims above, wherein the supporting means is capable of

supporting about the entire weight of the radiation shield assembly.

20, The radiation shield assembly of any one of the caims above, wherein the supporting means is capabie of
supporting the entire weight of the radiation shield assembly.

21. The radiation shield assembly of any one of the claims above, wherein in operation the supporting means

supports the entire weight of the radiation shield assembly.

=

22. The radiation shield assembly of any one of the claims above, wherein the first shielding means and the

third

elding means are configured to translate together vertically.

23. The radiation shield assembly of any one of the claims above, wherein the first shielding means and the
third shisiding means are configured to transhate together along the support means.

24. The radiation shield assembly of any one of the claims above, wherein the first shielding means is
configured to transiate along the approximately vertical axis such that in a first position a top edge of the
first shielding means is at least about the height of an adult human above the ficor.

25. The radiation shield assembly of any one of the claims above, wherein the first shielding means is
configured to transiate along the approximately vertical axis such that in a first position 3 top edge of the
first shielding means is at least about 2 m above the floor.

26. The radiation shield assembly of any one of the claims above, wherein the first shielding means has 3
height of at least about the distance from the upper surface of an operating table tc an average human's
full height.

27. The radiation shield assembly of any one of the claims above, wherein the first shielding means has a
height of at least about the distance from the upper surface of an operating table to a height of 2 m from
the floor when said operating tabie is on the floor.

28&. The radiation shield assembiy of any one of the claims above, wherein at least one of the first, second,
thirg, fourth, or fifth shielding means has a radiopacity of least 0.5 mm lead equivalent.

25, The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
means have a radiopacity of feast 0.5 mm lead equivalent.

30. The radiation shield assembly of any one of the claims above, wherein at least one of the first, second,
third, fourth, or fifth shielding means has a radiopacity of least 1 mm lead equivalent.

31. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
means have a radiopacity of least 1 mm lead equivalent.

32Z. The radiation shield ¢

embly of any one of the clalms above, wherein at least one of the first, second,
third, fourth, or fifth shielding means has a radiopacity of ieast 1.5 mm lead equivalent.
33. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding

means have a radiopacity of least 1.5 mm lead equivalent.
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34. The radiation shield assembly of any one of the claims above, wherein at least one of the first, second,
third, fourth, or fifth shielding means has a radiopacity of least Z mm lead equivalent.

35. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
rmeans have a radiopacity of least 2 mm lead equivalent.

36. The radiation shield assembly of any one of the daims above, wherein at least one of the first, second,
third, fourth, or fifth shielding means has a radiopacity of least 3 mm lead eguivalent.

37. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
rneans have a radiopacity of least 3 mm lead equivalent.

3&. The radiation shield assembiy of any one of the claims above, wherein at least one of the first, second,

thirg, fourth, or fifth shielding means has a radiopacity of least 3.3 mm lead eguivalent.

(O8]
W

8. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding

means have a radiopacity of least 3.3 mm lead equivalent.

40. The radiation shield assembly of any one of the claims above, wherein at least one of the first through
sixth shielding means reduce radiation exposure by at least 85% when measured by the Modified ASTM
F3084/1EC 61331-1 Protocol.

41, The radiation shield assembly of any one of the dlaims above, wherein the first through sixth shielding
means reduce radiation exposure by at least 85% when measured by the Modified ASTM F3094/iEC
61331-1 Protocoi.

42, The radiation shield assembly of any one of the claims above, wherein at izast one of the first through
sixth shielding means reduce radiation exposure to below 2.5 mR/hr when measured by the Modified
ASTM F3094/IEC 61331-1 Protocol.

43, The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
means reduce radiation exposure 1o below 2.5 mR/hr when measurad by the Modified ASTM F3094/1EC
61331-1 Protocol.

44, The radiation shield assembly of any one of the claims above, wherein at least one of the first through
sixth shielding means reduce radiation exposure to no more than about 2.5 mR/hr when measured by the
Modified ASTM F3094/iEC 61331-1 Protocol.

45, The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
means reduce radiation exposure to no more than about 2.5 mR/hr when measured by the Maodified
ASTM F3084/IEC 61331-1 Protocol.

46. The radiation shield assembly of any one of the claims above, comprising a flexible radicpague member
positioned to at least partially cover the appendage opening and configured to allow the human
appendage to pass through said appendage opening.

47, The radiation shield assembly of any one of the claims above, comprising a flexitle radiopague member

positioned to at least partially cover the appendage opening and configured to allow the human

appendage to pass through said appendage opening, wherein the flexible radiopaque member is selected

from the group consisting of: a curtain, leaves of an iris port, and a sheath,
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48. The radiation shield assembly of any one of the claims above, wherein the second shielding means and the
fourth shielding means are configured to translate together along the support means.

458, The radiation shield assembily of any one of the daims above, comprising 3 means for raising and lowering
at least one of the first shielding means and the third shielding means along the support means.

50. The radiation shield assembly of any one of the claims above, comprising means for raising and lowering
the first shielding means and the second shielding means along the support means independently of one
another.

51. The radiation shield assembly of any one of the claims above, comprising means for raising and lowering
the first shielding means and the second shielding means along the support means.

52. The radiation shield assembly of any one of the claims above, wherein the means for raising and lowering
is selected from the group consisting of: an assist mechanism, a counterweight system, an electric motor,

a hydraulic system, a pneumatic system, and 3 manual system.

53. The radiation shield assembly of any one of the claims above, wherein the support means comprises a
raast supported by a floor stand.

54. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhead boom.

55. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhead boom, wherein the mast is capable of rotating about the longitudinal axis of
the overhead boom.

56. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overtizad boom, wherein the mast is capable of pivoting relative to the overhead boom.

57. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhiead boom, wherein the mast is capable of transiating along the longitudinal axis of
the overhead boom.

58. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhead boom, wherein the overtiead boom is supported by a second mast.

59. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhiead boom, wherein the overhead boom is supported by 3 second mast, and
wherein the second mast is supporied by a wall- or celling-mounted rail, and wherein the second mast is
capable of translating along the wall- or celling-mounted rail.

60. The radiation shield assembly of any one of the claims above, wherein the support means is a3 mast that is
suspended by an overhead boom, wherein the overhead boom is supported by a8 second mast, and
wheregin the second mast is supported by a wall- or celling-mounted swinging arm.

61. The radiation shield assembly of any one of the claims above, wherein the support means is a mast that is
suspended by an overhiead boom, wherein the overhead boom is supported by 3 second mast, and
wherein the second mast is supported by a swinging arm that is in turn supported by a wali- or ceiling-
mounted rail, and wherein the swinging arm is capable of translating along the wall- or ceiling-mounted

rail.
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62. The radiation shield assembly of any one of the claims above, wherein at ieast one of the first through
sixth shielding means is transparent to visibie light.

63. The radiation shield assembly of any one of the claims above, wherein the first through sixth shielding
reans are transparent to visible light.

64. The radiation shield assembly of any one of the claims above, wherein the supporting means comprises a
support arn constructed to support at least the majority of the weight of the radiation shield assembly.

65, The radiation shield assembly of any one of the claims above, wherein the first shielding means is a first
generally planar vertical shield.

66. The radiation shield assembly of any one of the claims above, wherein the third shielding means is a first

approximately horizontal shield.

[
~4

. The radiation shield assembly of any one of the claims above, wherein the second shielding means is a

second generally planar vertical shield,
68. The radiation shield assembly of any one of the claims above, wherein the fourth shielding means is a

secand approximately horizontal shield.

[e))
[Xe]

The radiation shield assembly of any one of the claims above, wherein the fifth shielding means is a lower
generally planar vertical shield.
70. The radiation shieid assembly of any one of the claims above, wherein:

{a} the firsi shielding means is a first generally planar vertical shield;

(b

the third shielding means is a first approximately horizontal shield;

=

the second shielding means is a second generally planar vertical shield;

o

the fourth shielding means is a second approximately horizontal shield; and

e} the fifth shielding means is a lower generally planar vertical shield.

71, A radiation shield assembly, configured to block radiation emanating from a radiation source, the
assembly comprising:

{a} a support arm constructed to support at [east the majority of the weight of the shield assembly, the

support arm having a longitudinal ax

(b} a first generally planar vertical shield fastened to the support arm, and having an opening proximate
to a lower end dimensionad to admit a human appendage;

(¢} asecond genersaily planar vertical shield transiatably and rotationally connected to the support arm to
rotate about and transiate along an axis that is approximately parallel to the {ongitudinal axds of the
support arm;
wherein the first vertical shield, first horizontal shield, second vertical shisid, second horizontal shield,

and lower vertical shield are all radiopague; and

further comprising a sterile covering on at least one of the first vertical shield and second vertical

72. The radiation shield assembly of claim 71, comprising a first approximately horizontal shield
connected to the first vertical shield so as to transiate and rotate with the first vertical shield, and positionad

to block radiation emanating from the opening in the first vertical shieid.
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73. The radiation shield assembly of any one of claims 71-72, comprising: a first approximately horizontal
shield connected to the first vertical shield so as 1o translate and rotate with the first vertical shield, and
positioned to block radiation emanating from the opening in the first vertical shield; and a third sterile

covering on the first approximately horizontal shield.

74. The radiation shield assembly of any one of claims 71-73, comprising a second approximately

horizontal shield connected to the second vertical shield so as to translate and rotate with the second vertical

75. The radiation shield assembly of any one of daims 71-73, comprising: a second approximately
horizontal shield connected to the second vertical shield so as to translate and rotate with the second vertical
shieid; and a fourth sterile covering on the second approximately horizontal shield.

76. The radiation shield assembly of any one of claims 71-75, comprising a lower generally planar vertical
shieid connectad to the second horizontal shield so as to transiate and rotate with the second horizontal
shieid and the second vertical shield, the lower shield being approximately orthogonal to the second
vertical shield and the second horizantal shield.

77. The radiation shield assembly of any one of claims 71-75, comprising: a lower generally planar vertical

shield connected to the second horizontal shield so 3s to transiate and rotate with the second horizontal
shieid and the second vertical shield, the lower shield being approximately orthogonal to the second
vertical shield and the second horizontal shield; and a fifth sterile covering on the lower generally planar
vertical shield.

7&. The radiation shield assembly of any one of claims 71-77, comprising a third generally vertical shield 1o
block ragiation from the source in an approximately vertical plane that is approximately parallel {o the
generally planar vertical shield, wherein third generally vertical shield is secured to the first shielding
means.

79. The radiation shield assembly of any one of claims 71-77, comprising: a third generally vertical shield to
block radgiation from the source in an approximately vertical plane that is approximately parallel 1o the
generally planar vertical shield, wherein third generally vertical shield is secured to the first shielding
means; and a sixth sterile covering on the third generally vertical shield.

80. The radiation shield assembly of any one of the daims above, comprising a sixth shielding means to block
radiation from the source in a fourth approximately vertical plane that is approximately parallel to the first
approximately vertical plane, wherein the sixth shielding means is secured to the first shieiding means,

wherein the third generally vertical shield is selected from the group consisting of: a generally planar solid

shield, a flexible drape, and an extension of the first generally planar vertical shield.

[2]
ry

. The radiation shield assembly of any one of the claims above, comprising: a sixth shielding means to block

to the first

radiation from the source in a fourth approximately vertical plane that is approximately paralis
approximately vertical plane, wherein the sixth shieiding means is secured to the first shieiding means,
wherein the third generally vertical shield is selected from the group consisting of: a generally planar solid
shieid and an extension of the first generally planar vertical shield; and a sixth sterile covering on the sixth

shielding means.
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82. A radiation shield assembly, configured to block radiation emanating from a radiation source, the
assembly comprising:
{3} asupport arm constructed to support at least the majority of the weight of the shield assembly,
the support arm having a longitudinal axis;

(b} a first generally planar vertical shield fastenad to the support arm via a first radicpaque joint;

G

a second generally planar vertical shield transiatably and rotationally connected to the support
arm viz a second radiopague joint to rotate about and translate along an axis that is
approximately parallel 1o the longhtudinal axis of the support army; and

{(d} a sterile covering on at least one of the first and second generally planar vertical shields.

83. The radiation shield assembly of claim 82, comprising a lower generally planar vertical shield connected to
the second generally planar vertical shield so as to transiate and rotate with the second vertical shield, the
lower shield being approximately orthogonal to the second vertical shield and the second horizontal
shield.

84. The radiation shield assembly of claim 82, comprising: a lower generally planar vertical shield connected
to the second generally planar vertical shield so as to transiate and rotate with the second vertical shield,

the lower shield being approximately orthogonal to the second vertical shield and the second horizontal

shield; and a fifth stertle covering on the lower generally planar vertical shield.

85. A system for shielding a user from a bottom-mounted X-ray projector while said user atiends to a

prostrate patient positioned above the X-ray projector, the system comprising:
{a} a table constructed to support the patient, the table having a longitudinal axis and a transverse

axis;

the X-ray projector positioned below the tabie;
{c} an image intensifier positioned above the table to receive X-rays projected from the X-ray
projector;
{d} a radiopague curtain shield extending downwardly from the table on at least a first side of the
table; and
{e} a radiation shield assembly comprising
{iYa support arm construcied fo support the weight of the shield assembly and having a
generally vertical longitudinal axis;
i} a first shield assembly fastened to the support arm, comgprising
{A} a first generally planar vertical shield, positioned proximate to the first side of the
table and approximately parailel to the iongitudinal axis of the table; and
{B} an opening in the first vertical shield positioned above the table to allow the
patient’s arm to pass through the opening; and
{iif) 3 second shield assembly rotatably and transiationally fastened to the support arm
1o allow the second shield assembly to rotate and transiate about an axis approximately paraliel to
the longitudinal axis of the support arm, the second shield assembly comprising a second generally

planar vertical shield positioned above the table; and
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{iv} at least one of: a first sterile covering on the first shield assembly, and a second

sterile covering on the second shield assembly;

wherein the second vertical shield may be rotated about its axis to be approximately orthogonal to the

longitudinal axis of the table or to be approximately parallel to the longitudinal axis of the table.

86.

87.

88,

£9.

90.

§1.

82.

83,

94.

97.

93,

The systern of ciaim 85, wherein the first shield assembly comprises a first generally horizontal shieid
positioned above the opening so as to block radiation emitted through the opening.

The system of claim 85, wherein the first shield assembly comprises a first generally horizontal shieid
positioned above the opening so as to block radiation emitted through the opening; and comprising a
third sterile covering on the first generally horizontal shield.

The system of any one of claims 85-87, wherein the second shield assembly comprises a second generally
horizontal shield connected to the second vertical shield and positioned above the table.

The system of any one of claims 85-87, wherein the second shield assembly comprises a second generally
horizontal shield connected to the second vertical shield and positioned above the table; and comprising a
fourth sterile covering on the second generally horizontal shield.

The systen of any one of claims 85-89, wherein the second shield assembly comprises a lower generally
planar vertical shield extending from the second horizontal shield to below the table.

The systemn of any one of claims 85-83, wherein the second shield assembly comprises a lower generally

planar vertical shield extending from the second horizontal shield to below the table; and comprising a

fifth steriie cover on the lower generally planar vertical shieid,

The radiation shield assembly or system of any one of claims 70-90, wherein the first and the second
generally planar vertical shields are configured to rotate relative o one another over an arc of at least
about 90°.

The radiation shield assembly or system of any one of claims 78-92, wherein the first and the second
generally planar vertical shields are configured to rotate relative to one another over an arc of up to about
The radiation shield assembly or system of any one of claims 70-93, wherein the first and the second

generally planar vertical shields are configured to rotate relative to one another over an arc of about 0-

180°.

. The radiation shield assembly or system of any one of claims 70-94, wherein the support arm comprises

an approximately vertical mast.

. The radiation shield assembly or system of any one of claims 70-95, wherein the support arnt is capabie of

supporting about the entire weight of the radiation shield assembly.

The radiation shield assembly or system of any one of claims 70-86, wherein the support arm is capable of
supporting the entire weight of the radiation shield assernbly.

The radiation shield assembly or system of any one of claims 70-87, wherein in operation the support arm
supports the entire weight of the radiation shield assembly.

The radiation shield assembly or system of any one of claims 70-98, wherein the first generally planar

vertical shield is configured to translate vertically.
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100.The radiation shield assembly or system of any one of claims 70-99, wherein the first generally planar
vertical shield and the first approximately horizontal shield are configured to translate together vertically.

101.The radiation shield assembly or system of any one of claims 70-100, wherein the first generally planar
vertical shield is configured 1o transiate along the support arm.

102.The radistion shield assembly or system of any one of claims 70-101, wherein the first generally planar
vertical shield and the first approximately horizontal shield are configured to transiate together along the
support arm.

103.The radiation shield assembly or system of any one of claims 70-102, wherein the first generally planar
vertical shield is configured to translate along the approximately vertical axis such that in a first position a
top edge of the first generally planar vertical shieid is at least about the height of an adult human above
the floor.

104.The radiation shield assembly or system of any one of claims 70-103, wherein the first generally planar
vertical shield is configured to translate along an approximately vertical axis such that in a first position a
top edge of the first generally planar vertical shield is at [east about 2 m above the floor.

105.The radiation shield assembly or systern of any one of claims 70-104, wherein the first generally planar
vertical shield has a height of at least about the distance from the upper surface of an operating table to
an average human’s full height.

106.The radiation shield assembly or system of any one of claims 70-105, wherein the first generally planar
vertical shield has a height of at least about the distance from the tpper surface of an operating table to a
height of 2 m from the fioor when said operating table is on the ficor.

107.The radiation shield assembly or system of any one of claims 70-106, wherein at least one of said shields
has a radiopacity of least 0.5 mm lead equivalent.

108.The radiation shield assembly or system of any one of claims 70-107, wherein all of said shields have a
radiopacity of least 0.5 mm lead equivalent.

109.The radiation shield assembly or system of any one of claims 70-108, wherein at least one of said shields
has a radiopacity of least 1 mm iead equivalent.

110.The radiation shield assembly or system of any one of claims 70-109, wherein all of said shields have a
radiopacity of least 1 mm lead equivalent.

111.The radiation shield assembly or system of any one of claims 70-110, wherein at least one of said shields
has a radiopacity of least 1.5 mm lead equivaient.

112.The radiation shield assembly or system of any one of claims 70-111, wherein ali of said shields have a
radiopacity of last 1.5 mm lead equivalent.

113.The radiation shield assembly or system of any one of claims 70-112, wherein at least one of said shields
has a radiopacity of least 2 mm lead equivalent.

114.The radiation shield assembly or system of any one of claims 70-113, wherein all of said shields have a
radiopacity of least 2 mm lead egquivalent.

115.The radiation shield assembly or system of any one of claims 70-114, wherein at least one of said shields

has a radiopacity of least 3 mm lead equivalent.
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116.The radiation shield assembly or system of any one of claims 70-115, wherein all of said shields have a

radiopacity of least 3 mm lead equivalent.

117.The radiation shield assembly or system of any one of claims 70-116, wherein at least one of said shields

has a radiopacity of least 3.3 mm lead equivalent.

118.The radistion shield assembly or system of any one of claims 70-117, wherein all of said shields have a

radiopacity of least 3.3 mm lead equivalent.

119. The radiation shield assembly or system of any one of claims 70-118, wherein at least one of said shields
reduce radiation exposure by at least 85% when measured by the Modified ASTM F3094/1EC 61331-1
Protocol.

120. The radiation shield assembly or system of any one of claims 70-119, wherein all of said shieids reduce
radiation exposure by at least 85% when measured by the Modified ASTM F3094/1EC 61331-1 Protocol.

121. The radiation shield assembly or system of any one of claims 70-120, wherein at least one of said shields
reduce radiation exposure to below 2.5 mR/hr when meastred by the Modified ASTM F3094/1EC 61331~
1 Protocot.

122. The radiation shield assembly or systern of any one of claims 70-121, wherein all of said shields reduce
radiation exposure to below 2.5 mR/hr when measured by the Modified ASTM F3094/1EC 61331-1
Protocol.

123. The radiation shield assembly or system of any one of claims 70-122, wherein at least one of said shields
reduce radiation exposure to no more than about 2.5 mR/hr when measured by the Modified ASTM
F3084/1EC 613311 Protocol.

124. The radiation shield assembly or system of any one of claims 70-123, wherein all of said shieids reduce
radiation exposure tc no more than about 2.5 mR/hr when measured by the Modified ASTM F3094/1EC

61331-1 Protocol.

[y
N2
(%]

The radiation shield assembly or system of any one of claims 70-124, wherein the second generally
planar verticat shield and the second approximately horizontal shield are configured to translate
together along the support arm.

126. The radiation shield assembly or systemn of any one of claims 70-125, comprising a flexibie radiopagque
member positioned to at least partislly cover the appendage opening and configured to allow the
human appendage 1o pass through said appendage opening.

127. The radiation shield assembly or systern of any one of daims 70-126, comprising a flexibie radiopagque
member positioned to at least partially cover the appendage opening and configured to allow the
human appendage to pass through said appendage opening, and wherein the flexible radiopague
member is selected from the group consisting of: a curtain, leaves of an iris port, and a sheath.

128. The radiation shield assembly or system of any one of daims 78-127, comprising a means for raising and
lowering at least one of the first generally planar vertica! shield and the first approximately horizontsl
shield along the support arm.

128, The radiation shield assembly or system of any one of daims 70-128, comprising a means for raising and

iowering at least one of the first generally planar vertical shield and the first approximately horizontal
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shield along the support arm, whereln the means for raising and lowering Is selected from the group
consisting of: an assist mechanism, a counterweight system, an electric motor, a hydraulic system, a
pneumatic system, and a manual system.

13C. The radiation shield assembly or system of any one of claims 70-129, wherein the support arm
comprises a mast supported by a fleor stand.

131. The radiation shield assembly or system of any one of claims 70-130, wherein the support arm is a mast

that is suspended by an overhead boom.

132. The radiation shield assembly or system of any one of claims 70-131, wherein the support arm is 3 mast
that is suspended by an overhead boom, and wherein the mast is capable of rotating about the
iongitudinal axis of the overhead boom.

123. The radiation shield assembly or system of any one of claims 70-132, wherein the support arm is a mast
that is suspended by an overhead boom, and wherein the overhead boom is supported by a second
mast.

134. The radiation shield assembly or system of any one of claims 70-133, wherein the support arm is a mast
that is suspended by an overhead boom, and wherein the second mast is supported by a wall- or ceiling-

mounted rall, and wherein the second mast is capable of translating along the wall- or ceiling-mounted

[
W
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The radiation shield assembly or system of any one of claims 70-134, wherein the support arm is a mast

that is suspended by an overhead boom, and wherein the second mast is supported by a wall- or ceiling-
mounted swinging arm.

136. The radiation shield assembly or system of any one of claims 70-135, wherein the support arm is a mast
that is suspended by an overhead boom, and wherein the second mast is supported by a swinging arm
that is in turn supported by a wall- or celling-mounted rall, and wherein the swinging arm is capable of
transliating along the wall- or ceiling-mounted rail.

137. The radiation shield assembiy or system of any one of claims 70-136, wherein at least one of said shields
is transparent 1o visible light.

138. The radiation shield assembly or system of any one of claims 70-137, wherein all of said shields are
transparent to visible light.

139. Avradiography method comprising:

{a} positioning the radiation shield assembly or system of any one of the claims above between a
patient and a user, such that an appendage of the patient extends through an appendage

opening in the shield assermbly;

{b} inserting a medical device into vasculature of the appendage; and
{c} irradiating the patient using a radiation generator positioned such that radiation passes at least

partially through the patient while being blocked from reaching the user by the shield assembly.
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