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Abstract. Interventional Radiology (IR) is a relatively new and increasingly significant field in
healthcare, offering minimally invasive procedures with shorter recovery times. However, as
interventions become more complex and longer in duration, there is an increased risk of radiation
exposure for medical staff. To address this, substantial efforts have been made to develop radiation
protection measures and guidelines to minimize doses and ensure the safety of IR staff. Therefore, the
purpose of this study is to measure the doses for IR workers and determine which workers had received
the most radiation exposure, as well as map the areas in the IR department. The data were measured in
the form of Equivalent doses using Optically Stimulated Luminescence (OSL) dosimeters worn under
the lead apron. The methodology for collecting the data of workers' radiation doses was based on the
most common procedures during the two months of data collection, which included Peripherally Inserted
Central Catheter (PICC) Line, Nephrostomy, Angioplasty, Inferior Vena Cava (IVC) Filter,
Avrteriovenous (Av) fistulagram, Embolization, Cerebral Angiogram, and Stent Placement. The study
showed that the most significant amounts of OSL doses were recorded during two procedures:
Embolization and Angioplasty. In Embolization, the median of Shallow Dose Equivalent (SDE) values
in mSv for Radiologists, Technologists, and Nurses were recorded as (0.0040), (0.0026), and (0.0021)
respectively. In Angioplasty, the median SDE values for Radiologists, Technologists, and Nurses were
(0.0033), (0.0021), and (0.0017) respectively. This indicates that Radiologists received the highest
radiation dose. Additionally, mapping the procedure room of the angiography suite revealed that areas
No. 1 and 5 were the most exposed to radiation, while areas No. 6, 7, 8, and 9 showed no radiation
exposure at all. A better understanding of the occupational dose in Interventional Radiology was made
possible by myOSL dosimeter measurements. Furthermore, several recommendations have been
suggested to lower the dose for workers and maximize radiation safety and protection in the IR
department.
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1. INTRODUCTION in a variety of forms or modalities, each with
Medical imaging encompasses a wide variety its own set of technology and techniques.
of procedures used to view the human body in Each type of technology provides different
order to diagnose, monitor, or treat medical information on the anatomical part being
disorders. Medical imaging procedures come investigated or treated, including sickness,
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injury, or the efficacy of medical treatment
[1]. lonizing radiation is used to create images
of the body in Computed Tomography (CT),
Fluoroscopy, and Radiography (Conventional
X-ray), which also includes Mammography
[2]. However, when this radiation interacts
with body tissues in excessive amounts, it can
have serious biological effects. Radiation can
impair the functioning of tissues and/or
organs above certain thresholds and can cause
acute effects such as skin erythema, loss of
hair, radiation burns, and acute radiation
syndrome [3]. These effects are more severe
with greater doses and higher dosage rates,
and this level of harm can be assessed by
measuring the effective dose [4]. This dosage
can be predicted based on the organs'
radiation sensitivity and the type of irradiation
[5]. Furthermore, by estimating the effective
dose, the probability of stochastic effects
occurrence such as cancer can be roughly
determined. The duration of the irradiation
and the radiation’s induced effects have a
direct relationship. As a result, procedures
performed under the guidance of dynamic
fluoroscopic imaging expose patients and
medical staff to a higher dose of radiation.
Procedures performed in Interventional
Radiology (IR), for example, are associated
with a high occupational dose, particularly in
Angiography [6].

Interventional Radiology (IR) is a
fairly new field that has only been around for
about a half-century. Despite this, it has risen
in significance and is now an essential element
of any major healthcare delivery system [7-9].
In fact, when compared to surgical treatments,
interventional procedures are valuable and
frequently more superior therapeutic options,
most probably due to their minimally invasive
techniques and short recovery time compared

to surgical operations [10,11]. As the field has
progressed, a wider range of interventions and
complex procedures with longer dynamic
imaging durations have become available
[5,6]. It should come as no surprise that more
advanced and longer procedures consistently
result in a high radiation dose for medical staff.
In light of this, significant efforts have been
made in recent times to advance radiation
protection and minimize administered doses
during interventional procedures, not only
through technical advancements but also
through organizational measures and tightened
guidelines [11,13]. Accordingly, radiation
protection and dose evaluation are important
for Interventional Radiology staff [14,15].

Different dosimeters can be used to
determine the equivalent dose when it comes
to dose control. One of these is Conventional
Optically Stimulated Luminescence (OSL)
badges, which are used to calculate the
accumulated effective dose by monitoring the
ionizing radiation absorbed by body tissue.
Many research studies on occupational
radiation dose have been conducted due to the
sheer importance of dose monitoring in
Interventional Radiology. In a study published
in 2013, researchers used a Silver-activated
phosphate glass dosimeter device beneath the
lead apron and another one above it. This study
was notable because it indicated that in
Interventional Radiology, the Radiologist was
the most vulnerable worker to radiation
exposure. Most of the studies on occupational
radiation doses in Interventional Radiology
have focused primarily on the patient and
physician. There is limited data on the
exposure of other medical staff, such as Nurses
and Radiologic Technologists [16]. Thus, this
study describes the occupational radiation dose
for Interventional Radiology workers during
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different procedures and identifies which of
them received the highest exposure level or
peak value, respectively, using an OSL dose.
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Figure.l A sketch of the room setting in the Angiography suite in KAMC-Jeddah showing the
location of OSL devices positioned to measure the radiation dose.

2. METHODOLOGY

This prospective cohort study took
place in the Interventional Radiology
department at KAMC, Jeddah, with a data
collection period of two months. The study
focused on personnel workers (Radiologists,
Technologists, and Nurses) in an Angiography
suite and excluded (Anesthesiologists and
Interns) from participation in order to mitigate
the potential for inconsistent presence during
procedures, which could result in inaccurate
data collection.

The study included consented
healthcare workers who participated in 82

procedures, which were grouped into eight
different Interventional Radiology procedures.
These procedures consisted of Peripherally
Inserted Central Catheter (PICC) Line,
Nephrostomy, Angioplasty, Inferior Vena
Cava (IVC) Filter, Arteriovenous (Av)
Fistulogram, Embolization, Cerebral
Angiogram, and Stent Placement procedures.
The sampling technique used was non-
probability convenience. Workers in the
console room and patients were also excluded
from the study.

In the current study, an Optically
Stimulated Luminescence dosimeter (OSL)
was used to measure the equivalent dose in
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Interventional Radiology procedures. The
OSL dosimeter has the advantage of being able
to repeatedly read dose information without
losing it. It is widely used by radiation
workers, accounting for more than one-third of
radiation workers [13]. Additionally, OSL
dosimeters have high accuracy in photon
detection and can measure a wide range of
dosages [14].

OSL dosimeter was worn under the
lead apron to measure potential occupational
doses from ionizing radiation. It is important to
note that the devices were worn by
professionals, not by the employees
themselves. For example, OSL dosimeters are
to be worn by whoever is performing the
procedure. Additionally, this study was
conducted under the assumption that all
workers followed proper radiation protection
protocols by wearing a lead apron, thyroid
shield, and eye lens shield.

A Kruskal-Wallis  test, a non-
parametric test, was used to compare two or
more independent samples in order to
differentiate  between the Deep Dose
Equivalent Hp(10) (DDE) and Shallow Dose
Equivalent Hp(0.07) (SDE) received by
workers. The test was also used to determine
the difference in worker dose across different
procedures. The Kruskal-Wallis test was
chosen because the data were not normally
distributed. A significance level of p-value
<0.05 was considered. The wunit of
measurement used was Millie-Sievert. The
median of all equivalent doses was analyzed
and calculated using JMP software.

3. RESULTS

The occupational radiation dose for
healthcare workers (Radiologists,
Technologists, and Nurses) in 8 different
procedures in the Interventional Radiology
Department at KAMC-J were measured.

(Figure 2) shows that the most common
IR procedures were the PICC line (26.8%) and
Nephrostomy (14.6%). The frequencies of
Angioplasty, IVC Filter Placement, AV
Fistulogram, Embolization, Cerebral
Angiogram, and Stent Placement ranged
between 8.54% and 10.98% for each procedure
out of a total of 82 procedures.

(Table 1) shows the Deep and Shallow
Dose Equivalent results. The median DDE for
Radiologists, Technologists, and Nurses was
0.0013 (IQR 0.0014), 0.0007 (IQR 0.0012),
and 0.0002 (IQR 0.0007) mSv respectively.
Where is the median SDE in mSv for
Radiologists, Technologists, and Nurses was
0.0014 (IQR 0.0020), 0.0013 (IQR 0.0013),
and 0.0009 (IQR 0.0011). Statistical analysis
using the Kruskal-Wallisu test showed a
significant difference between the DDE and
SDE doses received by healthcare workers in
different procedures (DDE p-value <0.0001*,
SDE p-value 0.0015%).

(Table 2) shows that the highest OSL doses
were recorded during Embolization and
Angioplasty procedures, with median SDE
values of (0.0040, 0.0026, 0.0021 mSv)
(0.0033, 0.0021, 0.0017 mSv) for
Radiologists, Technologists, and Nurses. This
indicates that Radiologists received the highest
radiation dose.
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Table.1: A comparison of the Deep and
Shallows Equivalent Doses obtained from
the OSL dosimeter for the personnel
working in the Angiographic suite in mSv.

Radiologist | Technologist | Nurse -
Equivalent 5
Dose =
Median and IQR x10~2 ®
DDE mSv | (0.13,0.14) | (0.07,0.12) | (002
0.07) 10.0001*
SDE msv | (0.14,0.20) | (0.13,0.13) | ©:0%
0.11) 10,0015+
Stent 0.11,
Placement 0.18,0.12 0.17,0.04 0.09 0.0530
Statistical ~ analysis  revealed a

significant difference in the highest dose
received by those workers during different
procedures, as determined by the Kruskal-
Wallis test (p-value = 0.0102) for Angioplasty
and Embolization procedures. However, there
were no statistically significant differences
observed for the other procedures. In the
Angiography suite, nine OSL dosimeters were
used with a height of 1.5 cm inside the room to
create a map and identify hot spots for different
procedures. (Figure 1) shows that area No. 5
was the hot spot for IVC Filter and Cerebral
Angiogram procedures, while area No. 1 was
the hot spot for Nephrostomy and PICC Line
procedures. The remaining procedures were
not mapped out.

Table.2 The doses received by workers in
different procedures with OSL readings in

mSv.
Radiologist | Tech | Nurse
Procedures 5
Median and IQR x10~2 S
&
. 0.05, 0.07,
PICC Line 0.10, 0.07 0.10 0.07 0.0756
0.08, 0.06,
Nephrostomy | 0.10,0.11 0.06 011 0.3379
. 0.21, 0.17, 0.0102
Angioplasty 0.33,0.15 020 014 .
- 0.15, 0.09,
I\VVC Filter 0.16,0.03 012 0.09 0.4045
Av 0.11, 0.07,
Fistulogram | 12010 | 510 | go5 | 01713
o 0.26, 0.21, 0.0102
Embolization 0.40, 0.06 021 011 x
Cerebral 0.19, 0.12,
Angiogram 0.29,0.18 0.12 0.14 0.1357

4. DISCUSSION

The results of this study showed that
the highest exposure to radiation and duration
time occurred during Angiography and
Embolization procedures. It is important to
note that the difficulty level of each procedure
may contribute to the high radiation dose, and
this is entirely dependent on the patient’s
condition. Furthermore, the readings indicated
that the highest doses were received by the
Radiologist, then the Technologist and the
Nurse, respectively. Additionally, mapping the
setting room of the angiography suite revealed
that areas No. 1&5 were the most exposed to
radiation, while areas No. 6, 7, 8, and 9 showed
no radiation at all, making them the safest areas
for the workers in the setting room.
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After obtaining the measurements
from the OSL devices, the readings indicated
that the procedures with the highest recorded
radiation dose were Angioplasty and
Embolization. These are critical and complex
operations that require a long time. The
readings also showed that the Radiologists
received the highest dose. The main reason for
this is the high demand for their presence
during procedures, as they are the leading
operators for most procedures. Technologists
received the second highest dose, and this may
be due to a few reasons. First, Technologists
are the Radiologists’ main assistants during all
procedures.  Additionally,  Technologists
working in Angiography at KAMC are
certified to perform PICC line procedures
without the presence of a Radiologist.
Moreover, KAMC is one of the largest
Oncology centers in the western region,
leading to a large number of PICC line
procedures. Subsequent to mapping the room
setting of the Angiography suite to determine
hot spots for specific procedures using OSL
dosimeters in different areas as defined in
(figure 1), the readings showed that the hot
spot for IVC Filter and Cerebral Angiogram
procedures was area number five. This is due
to the area of interest in these operations being
focused on/or near the patient's head.
Therefore, the hot spots for PICC Line and
Nephrostomy procedures were in area number
one, located right next to the C-arm detector.
Most PICC Line procedures are done with
right-sided insertion in the hand, which leads
to fewer complications. The remaining areas,
number 2, 3, and 4, received less radiation,
mainly backscattered radiation. Finally, areas
number 6, 7, 8, and 9 indicated that there was

no radiation at all, making them the safest areas
for the workers in the room.

In research published in 2013, the
researchers used two OSL devices, one
beneath the lead apron and one above it. That
study was notable because it indicated that the
Radiologist was the most prone worker to
radiation  exposure  in
Radiology, followed by the Nurse and then the
Technologist [15].

Interventional
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Figure.2 A frequency bar chart that indicates
the most performed procedures in the
Interventional Radiology department done per
two months.

Similarly, in our study, after using one
OSL device under the lead apron, the results
showed that the Radiologist received the
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highest dose, respectively. However, in
contrast, our findings state that the
Technologist received a higher dose than the
Nurse, respectively. In a research paper in
2016, the researchers used real-time devices
that are worn by the Radiologist and
Technologist. They obtained the data from the
ten most performing procedures, and the result
showed that the procedures that had the highest
exposure were endovascular aortic repair
(EVAR) procedures [16]. Another study
published in 2018 utilized integrated
dosimetry software. Transjugular Intrahepatic
Portosystemic Shunt (TIPS) procedures were
shown to have the highest exposure among the
twelve frequently performed procedures,
according to the data they collected.
Contrarily, in this study, we used the OSL
device worn by the Radiologist, Technologist,
and Nurse to collect data from the eight most
frequently performed procedures, and the
results indicated that Angioplasty and
Embolization procedures had higher radiation
exposure [17].

The findings of this study have to be
seen in light of some limitations, the first one
is that our initial study compared Real-Time
dosimeter to a Conventional dosimeter, but the
reader of the devices was out of order and
needed maintenance during the data collection
period. We couldn’t wait for the dosimeter
company to fix it due to the long time it would
take, resulting in us changing our method to
use only Conventional dosimeter. The second
limitation is the insufficient sample size,
especially for the mapping of the different
procedures, because of time constraints.
Finally, there is a lack of previous studies in

this field of research, as it hasn’t progressed
significantly since approximately 2013.

5. CONCLUSION

In conclusion, the measurements
provided by the myOSL dosimeter offered a
better understanding of the occupational dose
in Angiography. According to the results, the
Radiologist was the most prone worker to
radiation  exposure in  Interventional
Radiology, followed by the Technologist and
then the Nurse. Therefore, we recommend
changing the location of the sterile field to
allow the Radiologist and Technologist
performing the procedures more room for
movement, as they will not be restricted to one
area near the x-ray source.

Additionally, there were significant
differences between the doses received by the
workers in Embolization and Angioplasty
procedures. We suggest that future studies
compare Real-Time dosimeters to myOSL
dosimeters to measure staff radiation exposure
and also map the different procedures.
Furthermore, to ensure greater statistical
accuracy, we recommend collecting a larger
sample size over a longer period of time.
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