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In fluoroscopy guided interventional procedures, a ceiling suspended screen is used to protect
personnel for scattered X-ray radiation arising from patient treatment. The correct position-
ing of the screen is crucial for proper occupational radiation protection. The proposed solu-
tion in this paper provides reliable and efficient protection from scattered radiation, based on
an X-ray device and the protective screen merging into one system via an appropriate inter-
face. After the initial manual positioning, automatic repositioning of the screen is executed,
by curving the screen laterally, clockwise or counterclockwise, and then with the upper or
lower edge forward. All potential clinical situations were analyzed, considering the need for
screen position correction: the semi-automatic solution is designed and realized to follow
medical procedure in order to maintain an efficient level of staff radiation protection. Fur-
thermore, the assessment of the occupational radiation dose, provided for screen position op-
timization, will be included into the radiation dose structural report. With application of the
universal interface, the presented solution can be applied not only to newly manufactured

ones, but to existing C-arm X-ray devices as well.
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INTRODUCTION

Radiation exposure of staff performing fluoros-
copy guided procedures in radiology and cardiology is
among the highest occupational exposure in medicine.
Assessment of the occupational radiation dose in these
interventional procedures [1-3], is based on direct
measurement of suitable operational dosimetry quan-
tities (especially in Hp(3) [4-8]) or computational do-
simetry methods as Monte Carlo simulations [9-14].
This is one of the most important topics in radiation
protection of personnel during medical application of
ionizing radiation, including PET-CT diagnostics
[15-18]. Amajor source of occupational exposure here
is radiation scattered from the patient [2, §, 10, 11,
19-21]. In order to keep the radiation dose as low as
possible, suitable personal and collective protective
tools must be used, including the use of ceiling sus-
pended screens. The correct position of a ceiling sus-
pended screen is essential to achieve adequate staff
protection [22-25]. Serious strides have been made to
improve X-ray diagnostic devices to emit less radia-
tion [26, 27] but, contrarily, the X-ray systems tend to
be more complex and sophisticated. Clear guidelines
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have been written and constantly adapted and im-
proved [28-32].

Protective lead transparent screens have been
used as protection against ionizing radiation in medical
practice for over 100 years [33, 34]. The shape, dimen-
sions, displacement mechanisms, finishing (rounded
edges etc.), materials have been perfected. Regarding
current development of dose reduction strategies, con-
sidering a ceiling-suspended protective screen, an ap-
proach for achieving significant progress is presented.
Namely, at present the screen is manually positioned
and this position does not change during the interven-
tion, regardless of whether the possible change in con-
ditions (there is no communication between the screen
and the C-arm X-ray device) also changed the distribu-
tion of scattered radiation [1, 4, 9, 22-25, 35]. It surely
could be improved with the realization of a conceptual
solution of screen managing, repositioning and control-
ling [36, 37], based on integration of the X-ray device
and the screen into a single system.

Automatic control, in order to most effectively
position the structural protection against ionizing radi-
ation, has already been applied, such as an X-ray imag-
ing system which has two independently articulated
arms, supporting X-ray tube and X-ray detector [38],
respectively, but not in the field of interventional
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X-ray procedures, where the problem is complex and
layered, due to the fact that their performance requires
adequate working space between the patient's body
and the detector and that the radiation source and the
patient table can move during the intervention. Re-
search in this domain goes in the direction of improv-
ing shielding efficiency or introducing additional bar-
riers. In the first case, connecting additional drapes,
attention is required to avoid placing the drapes within
the primary beam, which may increase patient and op-
erator exposure [1], at the lower end of the screen
seemed to be best [39, 40]. The other approach in-
volves the use of an additional mobile protection sys-
tem [41, 42] — which should not be viewed competi-
tively with the present invention, or the concept of
additional protection of the first (the most exposed)
operator [43, 44]. There have also been attempts to in-
corporate additional protection against the radiation
source [45] (they have several disadvantages, such as
collisions in oblique projections, the impossibility of
implementation with flat panel detectors, the impact
on the medical image —artifacts, the lack of visual con-
tact of the operators with the patient).

The objective of this work is to improve occupa-
tional radiation protection in fluoroscopy guided
interventional procedures related to the concept of the
patented solution [36, 37] for optimized semi-auto-
mated (ceiling suspended) screen positioning.

PROTECTIVE SCREEN INTEGRATED
WITH THE C-ARM X-RAY DEVICE

The proposed solution [36, 37] connects the
X-ray device and the screen into one system, in such a
way that the screen is part of the device or there is a
special device (screen with a control unit) that con-
nects the screen to the X-ray device via the appropriate
interface.

One of existing standard designs of the (ceil-
ing-suspended) protective screen (fig. 1, [46]) is used,
with a body shaped cut-out for better positioning [5, 22,
23, 31] above the patient, which has the required degrees
of freedom of movement (with moving mechanisms in
joints A, B, and C so that through the moving mechanism
in joint A the screen can rotate around the y-axis clock-
wise (CW) or counterclockwise (CC), and through mov-
ing mechanisms in the joints B and C, the screen can be
moved with the upper edge forward (FM) or with lower
edge forward (BM) around the X-axis.

It is envisaged that, at first, which is current firs¢
and last practice, the screen is set manually, but then
the automatic screen repositioning should be acti-
vated, which should lead to curving the shield laterally
by the appropriate angle in a clockwise/counterclock-
wise direction and, directly after that, curving the
shield by the appropriate angle around x-axis, with the
upper edge forward/lower edge forward.

.

Figure 1. Display of the displacement of the protective
screen laterally in the clockwise (CW)/counterclockwise
(CCQ) direction, around the y-axis, i. e. the upper edge
forward (FM)/the lower edge forward (BM) movement
around the x-axis. The S and S* are predicted push
buttons for manual unlocking/locking

Besides the initial phase, before the start of clini-
cal work, the solution considers cases of importance to
correct the position of the screen in real time, during the
intervention procedure, as well as related necessary
conditions and the decisions about manner for doing so,
in accordance with potential clinical situations. The
fundamental principles of realization of automatic
screen control are described in detail by the patent doc-
umentation [36], including providing a solution to the
problem of collision of the screen with the patient's
body and urgent safety aspects.

The microcomputer, through the software for the
assessment of optimal angulation, in order to most ef-
fectively protect all occupationally exposed persons
[1,2,6,9, 10,29, 30], processes the following input
data:

1. the current position of the screen in space (includ-
ing the corresponding curvatures in the two axes
(fig. 1),

2. information on the distribution of scattered radia-
tion, for all reference points and all angulations
[10-12, 18-20],

3. the current angulation of the integrated system,
which consists of the X-ray tube and the detector,
in relation to the central axis of the patient's table —
in multiple planes,

4. the current position of the patient table — which
can be moved vertically (up and down) as stan-
dard, and depending on the model of the device —
horizontally and angularly,

5. mass and height of the patient [47, 48],

6. geometric scheme that corresponds to the posi-
tioning of the operators (the solution stipulates
that it is necessary to have appropriate, clearly vis-
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ible markings on the floor, in accordance with the
scheme, which indicate where the staff should be
positioned (several options, considering the type
of procedure and mentioned internal planning de-
cisions), and

7. operator heights (correspond to the geometric
scheme: the basic, minimum number of operators
provided for a certain medical procedure are pro-
cessed) [49].

Information on the distribution of scattered radi-
ation for all reference points and all angulations is de-
fined before clinical work and the corresponding val-
ues are changed only in case of inconsistency, after
off-schedule or regular dosimetric examinations,
whereby a control set of measurements would deter-
mine the necessity to complete the measuring process.
The entry of this data is intended for a site medical
physicist or dosimetry service, in a special software
mode, while the entry of data 5, 6, and 7 are performed
in the internal clinical mode, by the department em-
ployees, before the start of the intervention procedure,
thus establishing the software initialization of the inte-
grated system consisting of an X-ray device and the
screen, which is a prerequisite for the operational work
of the system and, consequently, the starting fluoros-
copy guided procedure itself [36, 37].

The subject screen control also includes an un-
lock/lock button (incorporated into or added to the
command board) and safety redundant buttons (one
certainly positioned in joint B, on the side where the
physician and medical technician are usually located
during the intervention (marked S in fig. 1), but op-
tionally also in joint C screen (marked S*, fig. 1).

As already mentioned, it is envisaged that, ini-
tially, as before, the screen is set manually and then, af-
ter the calculation, the presented angular movements
are performed and controlled via an appropriate elec-
tronic circuit [36], with independent automatic control
lines, especially taking into account potential colli-
sions. This brings the screen to the reference position.
Fluoroscopy is disabled, i. e., the X-ray tube cannot
emit radiation until the screen is blocked. The screen

\

(a)

i _
(b)

remains in the locked, stable state, as long as there is no

need to change:

— the angulation of the system consisted of the X-ray
tube and the detector, in relation to the central axis
of the patient table and/or the corresponding spa-
tial plane in which the X-ray tube-detector system
is positioned, or

— the set position of the patient table.

The flow control diagram is made [36], which
covers all the previous actions, from entering the nec-
essary data, through system initialization, testing in-
formation about the status of the described relevant pa-
rameters (which the microcomputer receives in real
time) and relevant screen control as a result of their
change, external commands depending on the clinical
situation and completion (study closure).

The animation [37], continuously followed by ex-
planations in the subtitles, shows the process of auto-
matic repositioning of the screen, with dynamic moni-
toring of changes through relevant status indicators.
Figures 2 and 3 present examples of indications and rel-
evant solutions of screen management, exstracted from
the movie [37].

The application of the solution stipulates that the
structural report on the radiation dose will be regularly
incorporated into the assessment of cumulative radia-
tion exposure of occupationally exposed persons in the
DICOM RDSR format[1, 50-55], precisely on the basis
of the resolved integration of the X-ray device and pro-
tective screen, and relevant radiation exposure assess-
ment (whose primary goal is to estimate the reference
positioning of the screen) that can be obtained in this
way.

CONCLUSIONS

The presented solution can be applied to all ex-
isting C-arm X-ray devices and on newly manufac-
tured ones, in order to improve radiation protection
and for more explicit estimation of personnel exposure
during interventional procedures.

|
(c)

Figure 2. Example of screen repositioning in case the X-ray tube-detector system moves to the caudo-cranial position:
(a) the initial position of the screen, (b) the state of the screen position, after rotation by the corresponding angle laterally,
in the clockwise/counterclockwise direction, and (c) condition after curving the screen around the x-axis, by the appropri-
ate angle, with the upper edge forward/lower edge forward



V. M. Anti¢.: Semi-Automatic Positioning of the Protective Screen Based on ...
88 Nuclear Technology & Radiation Protection: Year 2021, Vol. 36, No. 1, pp. 85-90

(b)
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Figure 3. Example of screen management if it needs to be changed for the patient table position, during the intervention:
(a) as soon as the patient table movement initialization starts it is necessary that the screen should be automatically
unlocked, considering potential collisions (and manually moved to a safe position) , (b) the patient table (in this example)
descends to the desired height, (c) the screen should be set manually again and, after that, automatic repositioning should
be initiated, (d) the state of the screen position after rotation by the corresponding angle laterally in the, clockwise/coun-
terclockwise direction, and (e) condition after screen rotating by the appropriate angle, with the upper edge for-
ward/lower edge forward (and, subsequently, screen lock in the newly established state)
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MNOJAYAYTOMATCKMU INIOCTYITAK IMO3UNIIMOHUPAIBA 3AHNITUTHOI EKPAHA
HA BA3U UHTEIPAIIMJE CA PEHIATEH YPEBLAJEM CA C-IYKOM

Ilpu ¢payopockoncku mpaheHnM MHTEPBEHTHUM IpolenypamMa, Bucehn ekpaH ce Kopucrd 3a
3alITUTY 0COOJba Of] pacejaHor 3paucka of nanujeHaTa. [IpaBUIHO MO3UIMOHNPAE eKpaHa j€ KIbYUHO 3a
ajJieKBaTHY 3allITUTY Off JOHN3Y]jyhuX 3padera NpoecnoHa IHO U3I0KeHUX auna. [IpemoxkeHo peniewme y
OBOM panty 00e36ebyje moy3many u eukacHy 3allITATY Off pacejaHor 3padera, Ha 0a3W WHTEerpaluje
peHnareH ypebaja u Buceher ekpana y jefjan cucteM peko oAarosapajyher uarepgejca. Hakon uaunujamsor
MaHYEJHOT MO3UIMOHMPAama, U3BPILIM CE ayTOMATCKO PEMO3UIUOHUPAKE €KpaHa, 3aKPHUBIbEHEM
JaTepaHoO, y CMEPY WM CYIIPOTHO CMEPY cKa3asbKe Ha caTy, Ila OHJla TOPH-OM WJIH JOH-0M HBUIIOM Halpe.
CBe TOTeHNWjallHe KIWHUYKE CUTYyalWje Cy aHaJdu3upaHe, ca 003WpoM Ha mOoTpedy 3a KOPEKIHjoM
MO3UIIMje eKpaHa: MOIyayTOMAaTCKU HAUWH je OCMUIIIJLEH U PEAM30BaH a IIPAaTH MEIUIHCKY IIPOIEAYPY
ca IIJbeM Jia 3a7ip>Ku e(pUKacaH HUBO 3allITUTE 0coOiba Off joHU3YYyhux 3pauema. OcuM Tora, IpoIleHa
paaujanmoHe y1o3e 3a ocobibe, o6e3b6eheHa nmpeko onTuMmu3aIyje No3ulrje eKpaHa, he ce yKIbYyIuTHu y
CTPYKTYpaJHM M3BEIITAj O PaNjalioHoj To3u. [IpnMeHoM yHUBep3amHOT MHTepdejca, Mpe3eHTOBAHO
penieme ce MOXe IMPUMEHHUTH HE caMO Ha HOBompom3BeneHMM Beh Takobe m Ha mocrojehnm penpren
ypebajuma ca C-nnykom.

Kwyune peuu: 3auminiuitinu expa, penozen ypebaj, unitiepzpayuja, oayayimioMaiticko Uo3ULUOHUDAE,
iipoyeHa 003e 3a UpOPEeCUOHAAHO UBAOHCEHA AULA



