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ARTICLE INFO ABSTRACT

Keywords: Background: This study evaluated the effectiveness of the Radiaction system in providing comprehensive pro-
Radiation safety tection to medical personnel during fluoroscopy-guided procedures in an Interventional Cardiology (IC) labo-
Interventional cardiology ratory. The system confines the imaging beam and blocks scatter radiation at its source, enhancing safety for the
X-ray scatter radiation Cath lab staff.

Radiation protection

Fluoroscopy Methods: A prospective, non-randomized, controlled study compared real-time procedures with and without

Cath-lab Radiaction. Sensors were placed around the room and on the main physician to measure radiation exposure
during 82 diagnostic and 24 interventional cases without the Radiaction system and 65 diagnostic and 39
interventional cases with Radiaction.
Results: Results demonstrated a significant reduction in radiation exposure with the Radiaction system. Across all
cases, the overall reduction in radiation was 74.7 % for all sensor locations and 82.9 % for the main physician.
Diagnostic procedures exhibited a reduction of 73 % with the Radiaction system and Interventional procedures
demonstrated a 79 % reduction across all sensors with the Radiaction system. Calculations were conducted to
estimate the reduction during the time that the system was deployed, revealing an 85.7 % reduction across all
sensors and 95.1 % for the main physician, reflecting the full potential of the system when used during 100 % of
the X-ray time. Users expressed high satisfaction with the system, citing its user-friendly nature, and seamless
integration into clinical workflow.
Conclusions: The Radiaction system significantly reduced radiation exposure in all cases compared to cases
conducted without Radiaction. These findings support the potential of the Radiaction system to offer full-body
protection from scattered radiation to all medical personnel in the IC suite, emphasizing its value in
enhancing occupational safety in medical environments.

Glossary treat the narrowing of the coronary arteries of the heart,

performed in the Cath-lab.

Radiaction System a robotic radiation protection system designed to Dose Area Product a quantity used in assessing the total amount of
reduce scatter radiation exposure during fluoroscopy-guided radiation delivered to a patient during a procedure, taking
procedures. into account both the dose and the area exposed.

Interventional Cardiology a branch of cardiology that deals with Hover Mode a feature of the Radiaction system that allows partial
catheter-based treatment of heart diseases, often involving deployment of the shield system for radiation protection
fluoroscopic guidance. during X-Y table panning.

Percutaneous Coronary Intervention a non-surgical procedure used to Tungsten a lead-free metal used for the Radiaction system's shields due

Abbreviations: PCI, percutaneous coronary interventions; IC, interventional cardiology; DAP, dose area product.
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to its radiation blocking properties.

Anthropomorphic phantom a model that mimics human anatomy, used
in experiments to study radiation exposure in a controlled
manner.

1. Introduction

Radiation exposure remains a pivotal occupational concern in med-
ical procedures, particularly during fluoroscopy-guided cases such as IC.
While various imaging devices are crucial in treating patients, C-arm
fluoroscopic machines maintain widespread use due to their ability to
assess bone structure, intravascular injections, and needle placement
regardless of gauge or insertion angle. However, the use of C-arm fluo-
roscopy exposes both patients and medical staff to significant radiation
risks. Accumulation of small doses over prolonged periods can yield
adverse health effects for workers in the ionizing radiation zone [1,2].
Studies have highlighted a higher incidence of conditions such as cata-
racts [3] and tumours among medical staff [4] regularly exposed to
radiation, with specific patterns indicative of occupational exposure.
Furthermore, a significant finding was the disproportionate occurrence
of tumours on the left side of the brain. In a study of 26 interventional
physicians with brain tumours, 85 % had malignancies on the left side of
the brain, suggesting a link between occupational radiation exposure
and the predominance of left-sided brain tumours.

Radiation safety awareness and conscientious practice are para-
mount for minimizing exposure and mitigating potential adverse bio-
logical effects. Traditionally, medical personnel have relied on personal
protective equipment such as lead aprons, goggles, leaded caps, and
thyroid collars to mitigate radiation exposure [5]. However, these
methods offer limited protection and do not address exposure from
scatter and leakage radiation effectively. Recent protection products
released on the market include suspended radiation protection systems
and wheel-based leaded glass shields. These technologies primarily
protect the main operator but could limit free movement [6], place
barriers between the physician and the patient, and come with a sig-
nificant learning curve, making them less ideal in a dynamic clinical
environment.

The Radiaction system is designed to confine the imaging beam and
block scattered radiation at its origin, providing comprehensive pro-
tection to all medical personnel in the operating room. Prehuman bench
tests performed with a Rando anthropomorphic phantom (The RANDO®
Phantom by The Phantom Laboratory) demonstrated significant radia-
tion reduction with the. Radiaction system: 93% for the main physician,
94% for the second physician, and an average of 91.5% across all Cath
lab locations and commonly used angles [7].

This study evaluates the efficacy of the Radiaction system in a clin-
ical IC laboratory during diagnostic and interventional cases, measuring
its impact on reducing radiation exposure, integrating into clinical
workflows, and its potential to provide enhanced protection to medical
personnel in the IC suite.

2. Methods

This prospective non-randomized, controlled study aimed to eval-
uate the Radiaction system's efficacy by comparing radiation exposure
levels in a clinical environment of interventional cardiology procedures
with and without the Radiaction system.

2.1. The Radiaction system

The Radiaction system (Radiaction Ltd., Tel Aviv, Israel) is a state-of-
the-art robotic system designed to enhance radiation protection during
fluoroscopy-guided procedures. The system comprises two robotic upper
and lower extendable shields mounted on the C-arm around the X-ray
tube and image detector (Fig. 1A). These shields are made from lead-free
radiation blocking material (tungsten) and utilize sensors and controls
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Fig. 1. A, B — The Radiaction shield.

A — The Radiaction system — a robotic radiation protection system that confines
the imaging beam at its source. B — Real-time IC case with the Radiaction
system employed.

to deploy and retract their attenuating segments, accommodating all C-
arm angulations and table movements.

Controlled by the C-arm Operator, the system can be deployed and
retracted via a table-mounted control panel, which includes indication
lights to show the system's state. Before rotating the C-arm, the shields
are retracted to allow undisturbed motion, or the shields can be
retracted automatically with the help of built-in sensors. Once the C-arm
reaches the desired angulation and position, the shields, along with their
extending flexible flaps, can be deployed with a single button press,
capturing the contour of the patient and table automatically using these
highly sensitive sensors (Fig. 1B).

During x-y table panning, the Radiaction system can be deployed in
hover mode, where the segments are partially deployed, allowing the
table to be moved while still receiving radiation protection. This mode
accommodates quick diagnostic cases and enhances the agility of the
table and C-arm, as well as the turnover of patients.

The segments can also be preset to accommodate specific procedural
needs. For instance, for superficial femoral artery access, the corner
shield can be disabled so it does not deploy and allows for an access
point and visibility (Fig. 1B).

2.2. Radiation measurements in the IC Laboratory

This study measured radiation exposure during 82 diagnostic and 24
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interventional cases without the Radiaction system, followed by 65
diagnostic and 39 interventional cases with the system installed. Four
highly sensitive radiation sensors were placed in the IC Lab and on the
physician's body to capture real-time radiation exposure data. The re-
sults were then analyzed to determine the system's efficacy in reducing
radiation exposure for medical personnel.

Sensor 1 was positioned on the monitor across the table from the
primary physician at head height and sensor 2 was positioned on the
monitor across the table from the typical position of the scrub in nurse/
tech at head height. Sensor 3 was placed on the primary physician's
upper body (on top of their lead apron), and sensor 4 on the primary
physician's lower body (on top of their lead apron) (Fig. 2). Radiation
measurements were taken at the Mazowiecki Szpital Specjalistyczny's IC
suite during diagnostic and interventional procedures, before and after
the installation of the Radiaction system. The Radiaction system was
installed on the Toshiba/Canon Infinix-i Core Single Plane, Floor
Mounted C-arm in the IC lab. The data was then normalized by the Dose
Area Product (DAP) per procedure. In both setups, standard protection
measures (i.e., table-mounted drapes and a ceiling-suspended shield)
were used; therefore, the measured reduction levels reflect the added
protection of the Radiaction system alone. The deployment rates of the
Radiaction system were determined by calculating the proportion of the
time the system was deployed relative to the total time the X-ray was in
use, in each procedure. This was made possible by a sensor integrated
into the Radiaction system, which monitored the system's state
(retracted, deployed, or hover mode) each time radiation was detected
in the Cath-lab. Using this sensor, the percentage of time in each state
was calculated per case.

Reduction percentages were determined by calculating the median
Dose/DAP measurements along with their 25th and 75th percentiles to
provide a comprehensive analysis of the data distribution. The error for
the median was estimated using the bootstrap method, which utilized
resampling the data and calculating the median for each sample. The
variability among these medians provided the standard error, quanti-
fying the uncertainty in the median measurement without relying on
distributional assumptions. Additionally, extrapolation was used to es-
timate the radiation reduction performance with the Radiaction shield
deployed, predicting its potential effectiveness when used for 100 % of
the X-ray exposure time, with projections based on observed data trends.

Highly sensitive sensors were used for radiation dose measurements

PCI Room

Fig. 2. Radiation sensor placement in the IC suite.
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(Supplementary Data - Fig. 1). The minimum sensitivity of the Thermo
Fisher EPD TruDose Personal Dosimeters for clinical environments was
0.05 pSv/h. Data was collected per procedure and included: total pro-
cedure time, procedure type (classified as either Diagnostic or Inter-
ventional), patient's BMI and sensor dose from all sensors (pSv). In
addition, after each procedure, the following data was recorded from the
C-arms output: DAP - Dose Area Product (Gy/mz), total fluoro time
(min), total acquisition time (min), and total X-ray time (min). To
compare data from control and study cases while accounting for un-
controllable variables that affect the radiation emission in the room
(BMI, X-ray current consumption, temperature, fluoro time etc.), dose
measurements from all sensors (uSv) were all normalized by the Dose
Area Product (DAP) (Gy x m"2) provided by the fluoroscopy system and
all measured comparisons were calculated using the normalized data.

After all data were collected, the radiation reduction for cases with
the system used for the whole procedure was estimated using simple
proportional scaling based on the observed reduction at partial use. For
cases where the system was used for a portion of the procedure, the
reduction for full usage was extrapolated as follows:

_ Robserved *100
Uobserved

X

where Rpserved iS the observed radiation reduction and Uppsereq i the
correlating usage percentage.

At the end of the study, physicians were given a survey of feedback
questions related to using the Radiaction system during their procedures
to evaluate the integration into their clinical flow as well as their
satisfaction with the system.

2.3. Statistical analysis

Mann-Whitney tests were conducted separately for each procedure
type to test whether there were significant differences between the
sensor's measurements when the system was deployed compared to
when the system was not in use (Table 1). This test was selected since the
measured radiation data did not distribute normally.

3. Results

During this study, 82 diagnostic cases and 24 interventional cases

Radiaction )>)

»
i

B )

C-Arm Pannel (__

—

Radiation sensor placement in the IC suite. Sensor 1 — across the table from first physician, head height, sensor 2 — across the table from second physician or scrub in
nurse/tech, head height, sensor 3 — on top of first physician's apron for upper body exposure, sensor 4 — on top of first physician's lead apron for lower body exposure.
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Table 1
Mann-Whitney tests for each procedure type.
Procedure Sensor  Radiaction in n Mean 0)
use rank
Diagnostic 1 Without 62 87.90
With 62 37.10 U(122) =347,p <
.001
2 Without 76 97.89
With 63 36.35 U(137) =247,p <
.001
3 Without 45 71.73
With 56 34.34 U(99) =327,p <
.001
4 Without 52 75.29
With 55 33.87 U(105) = 323,p <
.001
1 Without 17 39.35
With 37 22.05 U(52) =113,p <
.001
2 Without 23 47.52
With 38 21.00 U(59), p < .001
1C 3 Without 18 39.61
With 31 16.52 U(47) =16, p <
.001
4 Without 17 43.59
With 36 19.17 U(51) =24,p <
.001
1 Without 79 126.84
With 929 59.71 U(176) =961, p <
.001
2 Without 99 145.17
With 101 56.71 U(198) =577,p <
.001
All cases 3 Without 63  110.65
With 87 50.05 U(148) =526, p <
.001
4 Without 69 118.61
With 92 52.79 U(159) =579, p <

.001

The Mann-Whitney test was conducted separately for each sensor location and
procedure type (Diagnostic, Interventional, and all Cases) to test for differences
between the sensors' measurements in the control and study phases. This test
was selected since the radiation measured did not distribute normally, and the
selected test does not assume a normal distribution in the dependent variable.
The measurements were from tests in which the deployment rate was over 0.7.

were performed and documented in the IC suite without the Radiaction
system installed and served as the control measurements. With the
Radiaction system installed, 65 diagnostic cases, and 39 interventional
cases were performed, documented, and compared to the control mea-
surements to calculate normalized radiation exposure differences. There
was no significant difference in the average BMI between the control and
study cases: 29.3 compared to 29.5 respectively. The average procedure
time was also similar across both groups, with control cases taking an
average of 32.6 min and study cases taking an average of 40.8 min.
Additionally, the average X-ray time showed no significant difference,
with control cases averaging at 6.9 min and study cases averaging at 9.1
min (Table 2).

Table 2
Procedure details in control and study phases.

All cases Diagnostic cases Interventional

cases

Control ~ Study  Control  Study  Control  Study

BMI 29.39 29.55 29.54 29.22  28.85 29.55

Procedure time 32.6 40.8 28.3 36.1 47 48.1
(min)

Fluoro time (min) 6.9 9.1 5.7 7.2 11 12.1

Average values for patient's BMI, procedure time, and X-ray time for control
cases compared to study cases.
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3.1. All cases

In all measured procedures, both diagnostic and interventional, ra-
diation levels were significantly lower with the system installed
compared to without it (p < .001 for all sensors and procedure types).
The average median sensor reading in all cases without the Radiaction
system was 78.73 puSv (range: 22.6-138.07 pSv) (Supplementary
Table 1). With Radiaction the average median sensor reading was 25.23
pSv (range: 7.07-57.56 uSv).

The average median Dose/DAP for all sensors without Radiaction
was 47,082 pSv/Gy*cm? (range: 14063.2-81,460.1 pSv/Gy*cm?) and
13,009 pSv/Gy*cm? (range: 4055.6-31,015.6 uSv/Gy*cm?) with Radi-
action (Supplementary Table 2) with an average deployment rate of
87.1 % (Table 3).

The overall radiation reduction for all cases with an average
deployment rate of 87.1 % was 74.7 % on average for all sensors (range:
62 % - 86.8 %) and 83 % for the main physician (Fig. 3).

The estimated reduction when the system is deployed for the entire
procedure is 85.7 % across all sensors (range: 71.1 %-99.7 %) and 95 %
for the main physician (Supplementary Table 3). It is important to note
that during the study period, physicians did not consistently deploy the
system throughout the entire case due to various factors, such as the
learning curve of using the system, and the demands of emergency
procedures. As a result, these estimates reflect the potential radiation
reduction that could be achieved if the Radiaction system were deployed
for 100 % of the X-ray exposure time during the entire procedure.

Table 3
Radiation results per sensor for all procedure types.

Procedure Control cases Study cases

type Procedures Avg Sensor 1 Procedures Avg Sensor 1
(n) Dose/Dap (n) Dose/Dap

All cases 106 99,654.5 104 35,924.5

Diagnostic 82 91,972 65 32,227.8

Interventional 24 128,125 39 42,367.4

Procedure Control cases Study cases

type Procedures Avg Sensor 2 Procedures Avg Sensor 2
(n) Dose/Dap (n) Dose/Dap

All cases 106 15,647.1 104 4706.4

Diagnostic 82 14,922.2 65 4411

Interventional 24 18,074.1 39 5171.8

Procedure Control cases Study cases

t

ype Procedures Avg Sensor 3 Procedures Avg Sensor 3
(n) Dose/Dap (n) Dose/Dap

All cases 106 91,408.3 104 17,755.3

Diagnostic 82 95,997.3 65 20,297.3

Interventional 24 79,425.8 39 13,344.4

Procedure Control cases Study cases

t

ype Procedures Avg Sensor 4 Procedures Avg Sensor 4
(n) Dose/Dap (n) Dose/Dap

All cases 106 48,074.8 104 8157.6

Diagnostic 82 49,747 65 8788.2

Interventional 24 43,244.2 39 7169.1

Results of radiation for all sensors for All Cases, Diagnostic Cases, and Inter-
uSv )
Gy*m™”

ventional Cases (all units are in
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Fig. 3. Median radiation exposure for all sensors in all cases.
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Median radiation exposure for all sensors in both diagnostic and interventional cases with and without Radiaction.

3.2. Diagnostic cases

In all diagnostic cases, the radiation levels with the Radiaction sys-
tem were significantly lower than those without the system installed.
The average median sensor reading in control cases was 68.76 pSv
(range: 83.2-125.58 pSv), compared to 23.62 pSv (range: 6.25-52.45
pSv) in study cases (Supplementary Table 1).

In Diagnostic cases, the average median Dose/DAP across all sensors
without  Radiaction was  47,148.3  pSv/Gy*cm?  (range:
12561.2-78,209.8 uSv/Gy*cm?). With the average deployment rate
being 87.4 %, the average median with Radiaction was 13,191.2 (range:
4061-29,423.1 pSv/Gy*cm?) (Table 3, Supplementary Table 2).

The radiation reduction with an 87.4 % deployment rate of the

100000

80000+

60000+

40000+

Dose/Dap (uSv/IGy* m*2)
Median Exposure

20000+

Radiaction system was 73 % for all sensors (range: 62 %-86 %) and 81 %
for the main physician (Fig. 4).

The estimated reduction in radiation when the system is deployed
throughout the procedure is 83.7 % for all sensors (range: 71.4 %-98.6
%), and 93 % for the main physician (Supplementary Table 3). As
mentioned above, it is important to note that during the study period,
physicians did not consistently achieve full deployment of the Radi-
action system throughout each case. Therefore, these estimates repre-
sent the potential radiation reduction achievable when the system is
deployed for 100 % of the X-ray exposure time.

Bl \Vithout Radiaction
With Radiaction

0 - T 1 1
Sensor 1 Sensor 2

Across table
of scrub tech
(head height)

Across table of
main physician
(head height)

Fig. 4. Median radiation exposure for all sensors in diagnostic cases.

Sensor 3

Main physician,
upper body

|
Sensor 4

Main physician,
lower body

Median radiation exposure for all sensors in diagnostic cases with and without Radiaction.
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3.3. Interventional cases

For interventional cases, radiation levels with the Radiaction system
installed were statistically significantly lower than those without the
shields. Without the Radiaction system the average median dose reading
in interventional cases was 144.85 pSv (range: 48.52-252.91 pSv)
compared to 30.93 pSv (range: 10.24-72.37 pSv) with the Radiaction
system (Supplementary Table 1).

Without Radiaction the average median Dose/DAP was 52,691.8
uSv/Gy*cm? (range: 16515.1-102,281.1 pSv/Gy*cm?) and with an
86.3 % deployment rate of Radiaction the average median was 12,578.9
HSv/Gy*cm? (range: 3956.5-33,675.2 jSv/Gy*cm?) (Table 3, Supple-
mentary Table 2).

The average radiation reduction with an average deployment rate of
86.3 % was 79 % for all sensors (range 67 %-87 %) and 85.5 % for the
main physician (Fig. 5).

The estimated reduction with the Radiaction system deployed for the
whole procedure is 91 % for all sensors (range: 77.7 %-99 %%) and 98.6
% for the main physician (Supplementary Table 3). These reductions
represent the maximum potential with optimal utilization of the system.

3.4. User feedback

Five physicians were asked to complete 2 questionnaires: one after 2
weeks of using the Radiaction system and another at the end of the
study. Their feedback ranked the Radiaction system highly in terms of
safety, scoring 5.6 out of 7, ease of use at 5.8 out of 6, and integration
into their workflow at 5.4 out of 6 (Supplementary Fig. 2A and B).

4. Discussion

The Radiaction system offers comprehensive full-body protection
during fluoroscopy-guided procedures, significantly reducing radiation
exposure. The results align with previous studies, confirming a signifi-
cant decrease in radiation exposure in a clinical setting and high user
satisfaction. Findings from this study and prior research suggest that the
Radiaction system has the potential to enhance medical team safety by
providing full-body radiation reduction for all interventional staff in the
IC laboratory. In addition, the high reduction performance indicates that

American Heart Journal Plus: Cardiology Research and Practice 52 (2025) 100512

the Radiaction system has the potential to reduce the thickness and
weight of heavy lead aprons currently used, thereby potentially mini-
mizing the musculoskeletal issues associated with prolonged use of these
aprons.

This study demonstrates a clear correlation between the duration of
deployment rates and the reduction in radiation: the more the Radi-
action system is used during a procedure, the greater the reduction in
radiation levels. By maximizing the system's usage throughout the case
leads to significantly enhanced radiation protection for the main
physician and the medical team. As physicians performed more cases,
their proficiency and correct usage of the system increased. This is
evidenced by the higher use of ‘Hover Mode’ during diagnostic cases
compared to the system's ‘Fully Deployed’ state during interventional
cases, indicating the high level of system adoption and integration into
the clinical practice (Supplementary Fig. 3A, B). This study also
demonstrated how the system integrates seamlessly into clinical work-
flows and can be easily used in conjunction with other shielding systems
in the lab to achieve the highest levels of radiation protection.

Sensor 1 exhibited lower reduction levels than the other sensors,
likely due to incorrect placement of the sensor. It was positioned near
the area lacking the system's back wall segment, which is necessary to
accommodate all steep angles commonly used in cardiology procedures
and to ensure patient comfort. This likely explains the reduced radiation
reduction observed, especially in caudal angles.

Sensor 4, positioned to measure lower body radiation exposure of the
main physician (an area typically subject to high radiation exposure)
showed relatively lower radiation levels. This is likely attributed to the
use of the table drape throughout the study stages (with and without the
Radiaction system). Furthermore, this indicates that the observed
decrease in this study is due solely to the Radiaction system.

4.1. Limitations

This study has several limitations that should be acknowledged.
While the Radiaction system demonstrated a significant reduction in
radiation exposure, achieving optimal results requires training and has a
learning curve that differs per physician and per application of the
specific procedure workflow. Even with such training, full utilization of
the system was not consistently achieved. This variability was

Bl \Vithout Radiaction
With Radiaction
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Fig. 5. Median radiation exposure for all sensors in interventional cases.
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|
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Median radiation exposure for all sensors in interventional cases with and without Radiaction.
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influenced by several factors, including physician preferences and
clinical emergencies that arose during procedures, among others. These
findings highlight the value of consistent and frequent use of the system;
the more effectively the system is utilized throughout the procedure, the
greater the reduction in radiation exposure that can be achieved.

Additionally, while the reported reductions in radiation were sub-
stantial, further investigation is needed to evaluate the potential of
reducing the thickness of wearable lead aprons in a dedicated study
where radiation reduction is tested with the Radiaction system and light
lead aprons.

Another limitation of this study is the large variance observed in
intra-procedure comparisons between control and test data. The level of
radiation exposure reduction fluctuated based on procedural differ-
ences, patient anatomy, and operator-dependent factors. This variability
underscores the importance of standardized protocols and consistent
system utilization across cases to achieve higher reduction levels.

Although this study did not specifically evaluate patient-level fac-
tors, such as mechanical ventilation setups, concerns related to claus-
trophobia, or emergency access to the patient during cases, there were
instances where these factors were relevant, and no issues were re-
ported. However, further research, focusing specifically on these aspects
is needed to provide a more comprehensive assessment and ensure these
considerations are adequately addressed.

While this study did not explicitly focus on the angulations of the C-
arm during live cases, steeper angles were utilized but were not a focal
part of the study. Further investigation and evaluation are needed to
ensure consistent radiation protection across diverse procedural
scenarios.

Finally, while significant reductions were observed across various
sensor positions, scatter radiation levels are not uniform around the
table. Further studies should focus on specific positions of medical staff
by placing sensors on the scrub nurse, the circulating nurse/tech, and
the anaesthesiologist (if relevant) to measure their specific radiation
exposure levels with and without the Radiaction system.

5. Conclusions

During this study, for both diagnostic and interventional procedures,
the radiation with the Radiaction system in use was statistically signif-
icantly lower than the radiation without the Radiaction system installed.
In addition, the higher the deployment rates, the higher the reduction
rates. This study further points to easy integration into the clinical
workflow.

The Radiaction system can potentially have an essential role in full-
body protection against scatter radiation for everyone working in the
Cath lab. The Radiaction system has the potential to transform how
medical personnel protect themselves, conceivably reducing the need
for heavy lead apparel. With the added protection from Radiaction, it
may be possible to significantly lessen the weight of lead required for
adequate safety.
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