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Abstract

Based on published dosimetric measurements, the dose load received by the
interventional cardiologist from scattered X-ray radiation was assessed for an
angiographic LAD stenting procedure under X-ray guidance. An angio-
graphic X-ray system “Philips Allura Xper FD10” was used for the study. The
dose assessment calculations were made for three positions of the patient ta-
ble—basic, lowest and highest—and for three measurement points— “head”,
“gonads” and “feet”, in which the received dose was measured. Due to the fact
that three different projections are used during the procedure (RAO-cranial,
LAO-cranial and pure Cranial), and each of them can be basic, calculations
are made for each of them as a basic procedure. The obtained results show
that the dose load obtained from this procedure is mainly due to the work
performed in the radiographic mode of operation. In order to reduce the re-
ceived dose load, it is necessary to take into account the position of the pa-
tient table during work and the use of appropriate individual radiation pro-
tection devices.
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Keywords
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1. Introduction

Life on planet Earth originated under certain conditions: nitrogen atmosphere,
certain temperature, pressure, sun light etc. A necessary condition for life is the

natural radiation background [1] [2].
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The research of many scientists and the respective discoveries has led to the
development of ingenious devices and modern systems that people use to im-
prove their life [3] [4].

The discovery and use of X-rays have revolutionized human life [5] [6]. The
widespread use of X-rays and other ionizing radiation leads to an increase of the
radiation background of the earth. Exceeding the values of the radiation back-
ground above certain limits, leads to severe consequences for life on Earth. Rad-
iation accidents caused by working with ionizing radiation have caused severe
damage that remains for a long time [7] [8] [9].

Ionizing radiation, and in particular X-rays, are widely used in modern medi-
cine [10] [11] [12]. Renovation and modernization of X-ray equipment is a top
priority nowadays [13]

In addition to the positive side, ionizing radiation has many disadvantages. To
reduce the harm caused by ionizing radiation in medicine, emphasis should be
placed on raising awareness and training on how to work safely with ionizing
radiation. In addition to the training of future physicians in medical universities
[14] [15], periodic specialized courses have been introduced to acquire the right
to work with sources of ionizing radiation [16] [17] [18].

The radiation protection of staff and the general public is of the utmost im-
portance, as is the reduction of the dose exposure achieved by the scattered io-
nizing radiation during ionizing radiation procedures. Research into this regard
is ongoing when working with various types of medical devices using ionizing
radiation.

In two monographs [19] [20] and in a series of articles N. Ivanova et al ex-
amined the dose load of a patient [21] and staff when working with C-arm type
X-ray equipment [22] [23] and wtih angiographic equipment [24] [25] [26].

Guo, C. et al. [27] and Alnewaini, Z. et al. [28] in their articles describe their
research done with C-arm X-ray equipment, and in the articles of Sadick V. et al
[29] and Mavrikou I. ef al. [30] examine the dose load of staff and patients dur-

ing angiographic procedures.

1.1. Motivation

Our study was provoked by N. Ivanova—a lecturer at the Medical University,
Varna, Bulgaria, who provided us with the data from the dose measurements
made by her and her team, while working with angiographic X-ray equipment
“Philips Allura Xper FD107, in the Specialized Hospital for Active Treatment in

Cardiology in Varna, Bulgaria.

1.2. Purpose of the Study

The purpose of this article is to make calculations of the dose load received by
the medical staff during the LAD stenting (stenting of the left anterior descend-
ing coronary artery) in the basic operating modes of the X-ray equipment and

for three different projections used as basic. Further, on the basis of these calcu-
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lations, the dose load of the two modes of operation (radiography and fluoros-
copy) of the equipment is to be compared, in the three projections
(RAO-cranial, LAO-cranial and pure Cranial), used as basic projections, for
three different patient table positions (lowest, highest and zero), in three mea-
surement points (“head”, “gonads” and “feet”). Based on this comparison,
measures to reduce the dose load of the medical staff during the implementation

of a LAD procedure are to be recommended.

2. Study
2.1. Methods

The main methodology in this study is mathematical calculations based on the
values provided by dosimetric measurements [19] and comparison of the results
obtained to optimize the received dose load from scattered X-rays of medical
staff during the LAD stenting.

2.2. Practical Work

Durng the LAD stenting procedure following projections are used (Table 1).
The total duration of the procedure is 45 - 90 minutes, of which:

e 3 -4seconds AP projection—this is the starting projection.

e Work in the basic projection—30 to 60 minutes; here, each one of the three
projections can be used as basic projection. The duration of pulse fluorosco-
py in the basic projectioin is about 10 minutes, and that of radiographic
mode is about 2 - 3 minutes.

e The duration of the non-basic projections is about 15 to 30 minutes; here the
duration of the pulse fluoroscopy is about 5 minutes. Radiography is not
used for the non-basic projectioins.

Due to the low dose load of the PA projection, it is not included in the general

calculations as it will not significantly affect the results.

3. Results

Dose calculations for the different projections are given in Tables 2-4.

The results of the tables are illustrated with graphs 1, 2, 3 for Table 2; graphs
4, 5, 6 for Table 3, graphs 7, 8, 9 for Table 4 and graphs 10, 11 and 12 ilustrate
the summarized results for the whole procedure in the three positions of the pa-
tient table—lowest (graphs 10), highest (graphs 11) and zero (graphs 12).

For each of the comparative diagrams, the received dose in radiographic and

Table 1. Projections, used in the LAD Stenting procedure.

AP 0°/0°
RAO-cranial 30°/30°
LAO-cranial 30°/30°

Cranial 30°

10.4236/0alib.1107390

3 Open Access Library Journal



S. Ivanova

fluoroscopic mode was calculated. For the basic projection the calculations were
made for 2 and then for 3 minutes raiography. Therefore, the graphs show sec-
tors “2 minutes” (summation of fluoroscopy doses for the three projections used
and 2 minutes radiography in the main projection) and “3 minutes” (summation
of fluoroscopy doses for the three projections used and 3 minutes radiography in
the main projection).

In the studied LAD stenting procedure, all graphs show the highest dose load
in graphical mode. The dose values obtained in the non-basic projections are
very low and therefore the comparison will be made only for the values obtained
for work in the basic projections.

When comparing Diagrams 1-3 for the lowest position of the patient table,
the highest values in radiographic mode are observed in the basic projection
Pure Cranial both for 2 and 3 minutes irradiation. The highest dose was meas-
ured in this position of the patient table in the measurement point “gonads” for
all three basic projections. The lowest values were measured for the point “head”
also for the three basic projections. When comparing the values for fluoroscopic
mode, the highest values are obtained for the basic projection LAO-cranial. Here
again the highest dose is obtained in the point “gonads” and the lowest—in the
point “head” for all three basic projections, similar to the radiographic mode.

When comparing Diagrams 4-6 for the highest position of the patient table
no projectioin with predominantly higher or lower values is observed, neither in
radiographic nor in fluoroscopic mode. In the radiographic mode, the maximum
of the dose values are measurd in the point “gonads” for the two basic projec-
tions: LAO-cranial and Pure Cranial. For the basic projection RAO-cranial two
equal peak vlaues are observed, namely in the points “head” and “feet”. The
lowest values for the radiographic mode are observed in the points “head” and
“feet” for two projections; LAO-cranial and Pure Cranial; for RAO-cranial the
lowest value is obteined in “gonads”. Comparing the dose load in the fluoros-
copic mode the highest dose values are obtained for the three basic projections
but in different points. In RAO-cranial—these are “head” and “feet”, like in ra-
diographic mode and in LAO-cranial only in the point “feet”; for Pure Cranial
again these are “gonads” and “feet”. The lowest value is obtained for the “go-
nads” in the basic projections LAO-cranial and Pure Cranial.

When comparing Diagrams 7-9 for the zero position of the patient table
again no predominantly lower or higher values were observed in a specific mea-
surement point. The highest value for the radiographic mode is obtained for the
point “gonads” in the basic projection LAO-cranial. Comparable but lower val-
ues were obtained in the main projection RAO-cranial in the points “steps” and
“gonads”. The lowest values in the radiographic mode for all three projections are
obtained for the measuremnet point “head”. When using the fluoroscopic mode
the predominantly highest value was measured for the three projections in the
point “gonads”, and the lowest value was measured in the point “head”.

When comparing Diagrams 10-12 for the doses obtained for the whole pro-

cedure in the three different positions of the patient table, again no measurement
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Table 2. Dose received during the angiographic procedure LAD stenting by an interventional cardiolo-
gist for the lowest position of the patient table, at three points of his body.

head gonads feet

Type Projection Duration
Dose in pSv
3 min. graphy 22,5 37.0 23.4
basic RAO-cranial 2 min. graphy 15.0 25.2 15.6
10 min. scopy 3.0 9.0 9.0
LAO-cranial 5 min. scopy 1.5 3.75 1.5
non-bassic

Cranial 5 min. scopy 0.75 2.25 2.25

for 2 min. graphy 2025 4020  28.35
Total dose received during the whole procedure
for 3 min. graphy 26.75 52.2 36.15

3 min. graphy 22,5 37.8 23.4
basic LAO-cranial 2 min. graphy 15.0 25.2 15.6
10min. scopy 6.0 15.0 6.0
RAO-cranial 5 min. scopy 0.75 2.25 2.25

non-bassic
Cranial 5 min. scopy 0.75 2.25 2.25

for 2 min. graphy 21.90 3825  30.30
Total dose received during the whole procedure
for 3 min. graphy 29.10  46.85  40.30

3 min. graphy 25.2 51.3 333
basic Cranial 2 min. graphy 16.8 34.2 22.2
10 min. scopy 3.0 9.0 9.0
LAO-cranial 5 min. scopy 1.5 3.75 1.5

non-bassic
RAO-cranial 5 min. scopy 0.75 2.25 2.25

for 2 min. graphy 22.05 4920 3490
Total dose received during the whole procedure
for 3 min. graphy 30.45 66.3 46.00

LAD stenting

basic projection RAQ - cranial
lowest table position

70.00
50.00

2

S 30.00

e m 4
10.00 R e

10.00 |3 min. graphy 2 min. graphy 10 min. scopy | 5 min. scopy | 5 min. scopy
RAO - cranial LAO - cranial Cranial

basic non basic

Mode duration and projection

Bhead Cigonads [Ifeet

Diagram 1. Basic projection RAO cranial—lowest table position.
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LAD stenting

basic projection LAO-cranial
lowest table position

70.00
2 50.00
S 30.00

= 100 e

10.00 |3 min. graphy 2 min. graphy 10min. scopy | 5 min. scopy | 5 min. scopy
LAO - cranial RAO - cranial Cranial

basic non-bassic

Mode duration and projection

Bhead Dgonads [feet
Diagram 2. Basic projection LAO cranial—lowest table position.

LAD stenting

basic projection Cranial
lowest table position

70.00
2 o
S o
i 3 min. 2 min. 10 min. scopy| 5 min. scopy |5 min. scopy
graphy graphy
Cranial LAO - RAO -
cranial cranial
basic non-bassic

Mode duration and projection

Whead Mgonads Clfeet

Diagram 3. Basic projection Cranial—lowest table position.

Table 3. Dose received during the angiographic procedure LAD stenting by an interventional cardiolo-
gist for the highest position of the patient table, at three points of his body.

head gonads feet

Type Projection Duration
Dose in pSv
3 min. graphy 39.6 333 38.7
basic RAO-cranial 2 min. graphy 26.4 222 25.8
10 min. scopy 15.0 12.0 15.0
LAO-cranial 5 min. scopy 0.75 2.25 3.75
non-bassic

Cranial 5 min. scopy 0.75 3.75 3.75

for 2 min. graphy 42.9 4020 4830
Total dose received during the whole procedure
for 3 min. graphy 56.10 5130  61.20

3 min. graphy 19.8 38.7 29.7
basic LAO-cranial 2 min. graphy 13.2 25.8 19.8
10 min. scopy 3.0 9.0 15.0
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Continued
RAO-cranial 5 min. scopy 375 3.00 375
non-bassic
Cranial 5 min. scopy 075 375 375
for 2 min. graphy 20.70 41.55 42.30
Total dose received during the whole procedure
for 3 min. graphy 27.30 5445 53.20
3 min. graphy 234 351 306
basic Cranial 2 min. graphy 156 234 204
10 min. scopy 3.0 15.0 15.0
LAO-cranial 5 min. scopy 075 225 375
non-bassic
RAO-cranial 5 min. scopy 3.75  3.00 375
for 2 min. graphy 22.05 23.10 43.65
Total dose received during the whole procedure
for 3 min. graphy 3045 3090 5535

LAD stenting

basic projection RAO - Cranial
highest table position

S
30
- ol
10 T Eim—

min. graphy2 min. graphy10 min. scopy |5 min. scopy |5 min. scopy
RAO - cranial LAO - craniall Cranial
basic non-bassic
Mode duration and projection

Whead Dgonads Ofeet

Diagram 4. Basic projection RAO-cranial—highest table position.

LAD stenting

basic projection LAO - Cranial
highest table position

~J

Dose

i_’_‘_l_'_\ —

min. graphy2 min. graphy 10min. scopy | 5 min. scopy | S min. scopy

LAO - cranial RAO - Cranial
cranial

basic non-bassic
Mode duration and projection

Bhead Dgonads Ofeet

Diagram 5. Basic projection LAO cranial—highest table position.
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LAD stenting

basic projection Cranial
highest table position

~1

Dose

L I R

min. graphy2 min. graphy 10 min. scopy| 5 min. scopy |5 min. scopy

Cranial AQ - crania RAO -
cranial
basic non-bassic

Mode duration and projection

Bhead Dgonads Cfeet
Diagram 6. Basic projection Cranial—highest table position.

Table 4. Dose received during the angiographic procedure LAD stenting by an interven-
tional cardiologist for the zero position of the patient table, at three points of his body.

head gonads feet

Type Projection Duration
Dose in pSv

3 min. graphy 234 351  36.0

asic RAO-cranial 2 min. graphy 156 234 240

10 min. scopy 6.0 12.0 6.0

LAO-cranial 5 min. scopy 0.75 3.75 1.50

non-bassic
Cranial 5 min. scopy 0.75 3.00 2.25
for 2 min. graphy 23.10 42.15 48.30
Total dose received during the whole procedure

for 3 min. graphy 30.90 51.30 53.85

3 min. graphy 19.8 3697 219

basic LAO-cranial 2 min. graphy 132 246 144
10 min. scopy 3.0 9.0 15.0

RAO-cranial 5 min. scopy 1.5 3.0 1.5

non-bassic
Cranial 5 min. scopy 0.75 3.00 225

for 2 min. graphy 18.45 45.60 24.15
Total dose received during the whole procedure
for 3 min. graphy 25.05 57.90 31.65

3 min. graphy 189 279 2838
basic Cranial 2 min. graphy 126 186 192

10 min. scopy 3.0 12.0 9.0

LAO-cranial 5 min. scopy 0.75 3.75 1.50
non-bassic
RAO-cranial 5 min. scopy 1.5 3.0 1.5

for 2 min. graphy 17.85 37.35 31.20
Total dose received during the whole procedure
for 3 min. graphy 24.15 46.65 40.80
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LAD stenting

basic projection RAO - Cranial
zero position

70
z 3
A 10 | e
-10 . . . 5 .
3 min. 2 min. 10 min. scopy|S min. scopy |S min. scopy
graphy graphy
RAO - cranial LAO - Cranial
cranial
basic non-bassic

Mode duration and projection

Bhead Dgonads Cfeet

Diagram 7. Basic projection RAO—Cranial—zero table position.

LAD stenting

basic projection LAO - Crania
Zero position

70
Q 50
S 30
= 10 e

-10 5 i, graphy2 min. graphy 10min. scopy | 5 min. scopy | S min. scopy
LAO - cranial RAO - Cranial
cranial
basic non-bassic

Mode duration and projection

Bhead DOgonads Clfeet

Diagram 8. Basic projection LAO cranial—zero table position.

LAD stenting

basic projection Cranial
zero position

70
2 50
S 30
|10 o I
= 3 min. 2 min. 10 min. scopy| S min. scopy |S min. scopy
graphy graphy
Cranial LAO - RAO -
cranial cranial
basic non-bassic

Mode duration and projection

Bhead Ogonads O feet

Diagram 9. Basic projection Cranial—zero table position.
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LAD stenting

comparison of the doses obtained during the whole procedure at
the lowest table position

for 2 min. for3 min. | for 2 min. for 3 min. | for 2 min. for 3 min.
graphy graphy graphy graphy graphy graphy
RAO - cranial LAO - cranial Cranial
Basic projection
Mode duration and projection

Bhead Dgonads Cfeet

Diagram 10. Comparison of the doses obtained during the whole procedure for different
basic projections at the lowest position of the patient table.

LAD stenting
comparison of the doses obtained during the whole procedure at
the highest table position

Liden

for 2 min. for 3 min. | for 2 min. for 3 min. | for 2 min. for 3 min.
graphy graphy graphy graphy graphy graphy
RAO - cranial LAO - cranial Cranial

Basic projection
Mode duration and projection

Bhead Dgonads [lfeet

Diagram 11. Comparison of the doses obtained during the whole procedure for different
basic projections at the highest position of the patient table.

LAD stenting

comparison of the doses obtained during the whole procedure at
the zero table position

d e

for 2 min. for 3 min. | for 2 min. for 3 min. | for 2 min. for 3 min.
graphy graphy graphy graphy graphy graphy
RAO - cranial LAO - cranial Cranial

Basic projection
Mode duration and projection

Bhead Ogonads Cfeet

Diagram 12. Comparison of the doses obtained during the whole procedure for different
basic projections at the zero position of the patient table.
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point was observed with predominantly higher or lower dose values.

In Figure 10 (lowest patient table position), predominant maximum dose val-
ues were observed at the measurement point “gonads” for all three main projec-
tions; the minimum values prevail at the measurement point “head”.

At the highest position of the patient table for the different projections, max-
imum and minimum values are observed in different measurement points.

At the zero position of the patient table, predominantly low values are ob-
served in the measurement point “head”, analogous to the lowest position of the
patient table. High values are observed in points “gonads” and “feet”.

Comparing the dose values for the different basic projections from graphs 10,
11 and 12, the maximum number of high values is observed at the main projec-
tion RAO-cranial. In the other two basic projections the number of high and low
values is almost the same.

Comparison of the doses obtained by the principal interventional cardiologist,
at three points of his body, for the whole LAD stenting procedure for the differ-
ent basic projections and for different positions of the patient table.

4. Conclusions

The results of the study show that the dose load in the LAD stenting procedure is
mainly due to the use of the radiographic mode of the X-ray equipment. This
high value is observed although the duration of the radiographic mode is 2 - 3
minutes, while the duration of the fluoroscopic mode is about 10 minutes for the
basic projection and 5 minutes for non-basic projections, ie. in total 15 minutes.
The comparison of the two modes of operation shows 5 - 6 times longer dura-
tion in fluoroscopy mode compared to radiographic mode. Therefore, for this
type of X-ray equipment, the use of fluoroscopic mode is safer than the radio-
graphic one. In this sense, in order to reduce the dose load of the medical staff
performing the procedure, it is necessary to reduce the duration of work in ra-
diographic mode as much as possible. This could be achieved with appropriate
training and prior accumulation of experience. According to the obtained re-
sults, the highest dose load is received in the basic projection RAO cranial. In
this projection, high values are obtained at all measured points. Due to the fact
that the use of a basic procedure is determined by the area of interest in the pa-
tient's body, it is not possible to reduce the number of used procedures in such a
basic projection. Thus, in order to reduce the dose load of the medical staff when
using the basic projection RAO-cranial, appropriate training and accumulated
experience based on training are again needed, in order to reduce the maximum
duration of the procedure. It is also highly recommended that during work, the
medical personnel be protected with adequate equipment of not less than 0.5
mm lead equivalent. Most appropriate is the use of lead-rubber apron, because
the gonads receive the highest dose. In addition, they are the most susceptible
organs in the human body to ionizing radiation. The head receives lower dose,

but the number and the duration of the procedures, performed by the medical
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staff increase the accumulated dose. For this reason, it is advisable to wear
lead-shielded collars, goggles, and hats to protect head and neck. The feet also
receive a significant dose load, but the limbs are among the least radia-
tion-sensitive structures in the human body, so they shouldn’t be protected as
well as the rest of the body. With regard to the position of the patient table dur-
ing the procedure under x-ray guidance, the results show, especially for the basic
RAO-cranial projection, the highest dose load at the highest table position (due
to the largest number of high values), and the lowest dose load at the lowest po-
sition of the patient table (due to the largest number of low values). In this sense,
when working with a basic RAO-cranial projection, it is advisable to use the
lowest possible position of the patient table. When using an LAO-cranial projec-
tion as basic projection, the dose in the point “head” is almost the same for all
three table positions. And due to the fact that the feet are the least sensitive to
X-rays, the conclusion can be made according to the radiation at the measure-
ment point “gonads”.

At this point, the lowest radiation is again observed at for the lowest position
of the patient table.

When working in Pure Cranial as basic projection, and taking into account
the above considerations and comparing only the dose values in the measure-
ment point “gonads”, a minimum dose load would be achieved in the zero posi-

tion of the patient mass.

5. Recommendations

From the conclusions made so far, we could summarize the following recom-
mendations to reduce the dose load of medical staff performing LAD stenting
under X-ray guidance:

1) A minimum time must be achieved to perform a quality procedure, espe-
cially when working under X-ray guidance in radiographic mode;

2) A patient table position should be used that is as comfortable as possible for
the principal interventional cardiologist. For the RAO- and LAO-cranial as basic
projections, this is as close as possible to the lowest position of the patient table
and for Pure Cranial—as close as possible to the zero position;

3) Individual protective equipment must be used during work—apron, collar,
goggles and hat which have lead equivalent not less than 0.5 mm.

Compliance with these recommendations would result in a reduction in the
x-ray dose obtained from scattered radiation during the angiographic LAD

stenting procedure.

Acknowledgements

Special thanks to Natasha Ivanova from the Medical University, Varna for the
data provided, on the basis of which we conducted this study.
Special thanks also to the editors of the magazine for their help in printing the

article.

10.4236/0alib.1107390

12 Open Access Library Journal



S. Ivanova

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-
per.

References

[1] VBanoBa, H. (2013) EcrectBen papmaumoner o, II HanmonaneH KoHrpec Imo
¢busuyeckn Hayku u 41-Ba HanmonamHa KoHQepeHLus IO BBIPOCUTE Ha
oby4ennero no ¢usuka, Codusr, 2013.
https://sites.google.com/a/bgphysics.eu/congress2013/dokladi

[2] Ivanova, N. and Manusheva, B. (2018) Natural Radionuclides in Drinking Water.
Chemistry: Bulgarian Journal of Science Education, 27, 460-465. http://khimiya.org/

[3] Ivanova N. (2008) 110th Anniversary of the Astrophysisist Fritz Zwicky. Bulgarian
Astronomical Journal, 10, 135-145.

[4] VBanosa, H. and Henkosa, II. (2012) Makc ¢on Jlaye-HOGeOB JaypeaT ¢
OesympeyHa pemyTauus M MDBXXECTBEHO IIOBefieHUMe B TOAVHNUTE Ha HalM3Ma.
Co6opuuk ¢ pokmapgm or 40-ta FO6wmmeitna HaumonamHa xoHdepeHIUA 110
BBIIPOCUTE Ha 00yueHneTo Ho ¢usuka, [abposo, 325-328.

[5] Hofman, J.A.M. (2010) The Art of Medical Imaging: Philips and the Evolution of
Medical X-Ray Technology. Clinical Applications, MEDICAMUNDI 54/1.
http://incenter.medical.philips.com/doclib/enc/fetch/2000/4504/577242/577256/588
821/5050628/5313460/6391861/%5b04%5d_MM_54-1_Hofman.pdf%3fnodeid%3d6
391873%26vernum%3d-2

[6] PHILIPS (n.d.) History of X-Ray.
https://www.philips.com/consumerfiles/newscenter/main/shared/assets/Downloada
blefile/FACT_SHEET_X-ray_history.pdf

[7] WBanoBa, H. (2011) [. T'pos3neB “SnpeHm LeHTpamu-aBapuu ¥ IIOCIENCTBUA ,
Céopuuk ¢ powmagu or XXXIX HanumoHamHa KOoH(epeHIMs IO BBIPOCUTE Ha
oby4ennero no ¢usuka, 150-153.

[8] Ivanova, N. and Ivanova, S. (2016) Radiation Incident in “Polimeri” Devnya, Ac-
tions and Safety Measures: A Case Study. Ecology & Safety, 10, 515-523.
https://www.scientific-publications.net/en/issue/1000017/

[9] Ivanova, N. and Ivanova S. (2017) Calculation of the Expected Dose for a Radiation
Incident Involving the Theft of Radioactive Sources. RAD Conference Proceedings,
2, 80-84. http://www.rad-proceedings.org
https://doi.org/10.21175/RadProc.2017.17

[10] Benuesa, I'. and VBanoBa, H. (2015) IlpunosxeHne Ha na3epure B pedpaKTuBHATA
KOpeKIsI Ha 3peHneTo u guabernarta peruHonarus. CO0pHUK ¢ gokmaau ot XXXII
KOTOKBUYM “Ousykara B OIIa3BAHETO Ha 4YOBeKa JI OKOJIHATA Cpefa’ Ha TeMa
“CeeTnuHaTa B MequinHaTa. 407-412.

[11] Ivanova, N. and Ivanova, S. (2016) Estimation of Doses from Patients Undergoing
Treatments Whit Radiopharmaceuticals. RAD Conference Proceeding, 1, 33-35.
http://www.rad-proceedings.org/
https://doi.org/10.21175/RadProc.2016.09

[12] MWBanoBa, H., VBanoBa, C. and Yaymes, B. (2016) KadectBo Ha obpasa mpu
peHTreHOBaTa AuarHocTuka. Proceeding of 3rd National Congress on Physical
Sciences, Sofia, 29 September-2 October 2016, 1-6.
http://upb.phys.uni-sofia.bg/conference/3kongres/disk/html/Cont08.htm

[13] VBanosa, H. and ViBanoBa, C. (2014) O6HOBsIBaHe Ha MeUIIMHCKAaTa PEHTI€HOBA

10.4236/0alib.1107390

13 Open Access Library Journal


https://sites.google.com/a/bgphysics.eu/congress2013/dokladi
http://khimiya.org/
http://incenter.medical.philips.com/doclib/enc/fetch/2000/4504/577242/577256/588821/5050628/5313460/6391861/%5b04%5d_MM_54-1_Hofman.pdf%3fnodeid%3d6391873%26vernum%3d-2
http://incenter.medical.philips.com/doclib/enc/fetch/2000/4504/577242/577256/588821/5050628/5313460/6391861/%5b04%5d_MM_54-1_Hofman.pdf%3fnodeid%3d6391873%26vernum%3d-2
http://incenter.medical.philips.com/doclib/enc/fetch/2000/4504/577242/577256/588821/5050628/5313460/6391861/%5b04%5d_MM_54-1_Hofman.pdf%3fnodeid%3d6391873%26vernum%3d-2
https://www.philips.com/consumerfiles/newscenter/main/shared/assets/Downloadablefile/FACT_SHEET_X-ray_history.pdf
https://www.philips.com/consumerfiles/newscenter/main/shared/assets/Downloadablefile/FACT_SHEET_X-ray_history.pdf
https://www.scientific-publications.net/en/issue/1000017/
http://www.rad-proceedings.org/
https://doi.org/10.21175/RadProc.2017.17
http://www.rad-proceedings.org/
https://doi.org/10.21175/RadProc.2016.09
http://upb.phys.uni-sofia.bg/conference/3kongres/disk/html/Cont08.htm

S. Ivanova

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

amaparypa BbB BapHeHcka, Illymencka u JJo6puuka o6mact. COOpHUK € JOKTAfU OT
42-pa HaumoHamHa KOH(QepeHIMs IO BBIPOCUTe Ha OOydeHMeTO IO (U3MKa,
118-122, Crapa 3aropa, 2014 r., Visgatencrso “Xepon IIpec” OO, Codmst 2014.

Ivanova, N. (2016) Ionizing Radiation in the Education in Medicine. BgNS Transac-
tions, 21, 74-78. http://bgns-transactions.org/journals/volume-21-1/

ViBanoBa, H. and Vnuesa, Jerenuua (2020) CTymneHTH Megyuuy 1 ApeHaTa Gpusmka.
Dusnka: Merogoaorud Ha 06}/11€HI/1€T0, 8, 80-87.

VBanoBa, H. (2018) PapmanuonHa 3amuTa B MefuuuHaTa-IpodecuoHanHa
KBamuduxarua. COOpHUK [OKTafuM OT HayyHa KoH(epeHuma “PapmanmoHHaTa
6e30I1aCHOCT B CbBpPeMeHHUs CBAT . EleKTpoHHO n3game, 21-26.

Natasha, I. (2020) Interesting Moments of the Work during Specialized Training of
Staff Working with Ionizing Radiations. Journal of Human Resource and Sustaina-
bility Studjes, 8, 266-273. https://doi.org/10.4236/jhrss.2020.83015

MBanosa, H.J. (2020) VIOHmsmpamm TbYeHNs U 6e30macHa paboTa ¢ TAX. yIeOHIUK,
M3[aTeNICTBO Ha MeqUIMHCKY YHUBepCUTeT BapHa.

VBanoBa, H.J. (2020) Pentrenosa cucrema tun “C-pamo. JI030BO HaTOBapBaHe Ha
HepCOHaI ¥ MalMeHTU. MOHOTpadus, U3FATeICTBO Ha MeNUUVMHCKY YHUBEPCUTET,
Bapna.

VBanoBa, H.M. (2020) Anrmorpadcka peHtreHoBa cucrema ¢ G-pamo [1030Bo
HATOBapBaHe Ha IE€pPCOHAL. MOHOrpadms, W3ATEICTBO Ha MeNUIMHCKK
YHUBepCUTET, BapHa.

Natasha, I. (2020) Radiation Protection of a Patient Undergoing an Orthopedic

Procedure by Using a Mobile C-Arm X-Ray System. International Journal of Medi-
cal Physics, Clinical Engineering and Radiation Oncology, 9, 41-156.

Natasha, I., Javor, 1., Marin, M. and Miroslav, P. (2021) Dose Load during Ortho-
pedic Procedures. Open Access Library Journal, 8, €7107.
https://www.scirp.org/pdf/oalibj_2021022012115970.pdf

Natasha, 1., Javor, L., Miroslav, P. and Marin, M. (2021) Comparison of Dose Rate
When Working with a C-Arm X-Ray System. Scripta Scientifica Medica, Scientific
Online Resource System, Original Articles.
https://journals.mu-varna.bg/index.php/ssm/article/view/7154/6820

Natasha, 1., Javor, I., Bistra, M., Ismet, T., Hrisimir, T. and Nikolai, A. (2020) Dose
Load to the Interventional Cardiologist for Different Positions of the Patient Ta-
ble—First Results. RAD Conference Proceedings, 4, 18-22.
http://www.rad-proceedings.org

http://doi.org/10.21175/RadProc.2020.04

Natasha, 1., Javor, I., Bistra, M., Ismet, T., Hrisimir, T. and Nikolai, A. (2020) Dose
Load to Different Parts of the Body of the Interventional Cardiologist—First Re-
sults. RAD Conference Proceedings, 4, 55-59. http://www.rad-proceedings.org
http://doi.org/10.21175/RadProc.2020.11

Natasha, I. and Javor, I. (2021) Dose Load during Angiographic Procedures. Open
Access Library Journal, 8, €7109.
https://www.scirp.org/pdf/oalibj_2021022012125888.pdf

Guo, C., Xiong, Z., Vijayan, S., Rudin, S. and Bednarek, D.R. (2018) Developing a
Database of 3-D Scattered Radiation Distributions for a c-Arm Fluoroscope as a
Function of Exposure Parameters and Phantom. SP/E Medical Imaging 2018, Hou-
ston, 9 March 2018, Article ID: 1057360. https://doi.org/10.1117/12.2293788

Alnewaini, Z., Langer, E., Schaber, P., David, M., Kretz, D., Steil, V. and Hesser, J.

10.4236/0alib.1107390

14 Open Access Library Journal


http://bgns-transactions.org/journals/volume-21-1/
https://doi.org/10.4236/jhrss.2020.83015
https://www.scirp.org/pdf/oalibj_2021022012115970.pdf
https://journals.mu-varna.bg/index.php/ssm/article/view/7154/6820
http://www.rad-proceedings.org/
http://doi.org/10.21175/RadProc.2020.04
http://www.rad-proceedings.org/
http://doi.org/10.21175/RadProc.2020.11
https://www.scirp.org/pdf/oalibj_2021022012125888.pdf
https://doi.org/10.1117/12.2293788

S. Ivanova

(29]

(30]

(2017) Real-Time, Ray Casting-Based Scatter Dose Estimation for C-Arm X-Ray
System. Journal of Applied Clinical Medical Physics, 18, 144-153.
https://doi.org/10.1002/acm2.12036

Sadick, V., Reed, W., Collins, L, Sadick, N., Heard, R. and Robinson, J. (2010) Im-
pact of Biplane versus Single-Plane Imaging on Radiation Dose, Contrast Load and

Procedural Time in Coronary Angioplasty. The British Journal of Radiology, 83,
379-394. https://doi.org/10.1259/bjr/21696839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3473578/

Mavrikou, I., Kottou, S., Tsapaki, V. and Neofotistou, V. (2008) High patient Doses
in Interventional Cardiology Due to Physicians’ Negligence: How Can They Be
Prevented? Radiation Protection Dosimetry, 129, 67-70.
https://pubmed.ncbi.nlm.nih.gov/18337290/

https://doi.org/10.1093/rpd/ncn005

10.4236/0alib.1107390

15 Open Access Library Journal


https://doi.org/10.1002/acm2.12036
https://doi.org/10.1259/bjr/21696839
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3473578/
https://pubmed.ncbi.nlm.nih.gov/18337290/
https://doi.org/10.1093/rpd/ncn005

	Dose Load during Angiographic Procedures LAD Stenting
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	1.1. Motivation
	1.2. Purpose of the Study

	2. Study
	2.1. Methods
	2.2. Practical Work

	3. Results
	4. Conclusions
	5. Recommendations
	Acknowledgements
	Conflicts of Interest
	References

