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Abstract

Ionizing radiation is widely used in medical practice for both diagnostic and
therapeutic purposes. However, they are not devoid of adverse health effects
on exposed operators. Therefore, we propose to assess the radiological risk of
the interventional radiology team of the International Polyclinic of Indénié of
Abidjan during the procedures of Embolization of uterine fibromyomas. The
effective and equivalent doses to the extremities and crystals were estimated
by TLD dosimeters positioned at different body areas selected on the basis of
a radiological analysis of the exposure of personnel during five procedures.
The analysis of fluoroscopic and record times showed variability in or an av-
erage fluoroscopy time of 32.37 min with extremes of 25.14 to 56.32 min; av-
erage record time of 0.52 min with extremes of 0.12 min to 1 min. The annual
effective doses were respectively, 4.04 mSv, 3.42 mSv, 2.84 mSv; 2.28 mSyv, in
the Radiologist (R), Operator Assistant (O2); Anesthesiologist (A2), Manipu-
lator (M2). The annual equivalent doses to the radiologist’s predominant ex-
tremities and lenses were left index and left lens with values of 37.07 mSv and
9.46 mSv. The estimated doses in our study are reassuring from a regulatory
point of view of dose limits. The results of our work have shown no signifi-
cant short-term danger to the health of personnel.
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1. Introduction

Interventional imaging is the field of activity bringing together diagnostic and
therapeutic procedures performed under radiological control through the use of
X-rays by fluoroscopy (or fluoroscopy) technique to visualize irradiated struc-
tures in “real time”. In recent years, radio-guided acts, in particular in interven-
tional radiology, have developed considerably. The complexity of these proce-
dures and the duration of X-ray use can lead to significant exposures in patients
and operating teams. The health risks induced in the event of patient overexpo-
sure are essentially deterministic effects, of the radiological burn type (erythema,
dry or exudative epidermis, radionecrosis) and an increased risk of the occur-
rence of stochastic effects, and therefore of radiation-induced cancers. For ex-
posed workers, the deterministic effects observed are most often chronic radi-
odermatitis or radiation-induced lens opacities, in addition to an increased risk
of radiation-induced cancer [1]. In Ivory Coast, the International Polyclinic of
Indénié (PII) is one of the recent centers where interventional medical activities
are routinely practiced. As soon as it was commissioned in 2018, the Radiation
Protection and Nuclear Safety Authority (ARSN) carried out a technical visit of
the room followed by regular control inspections. The contacts identified sub-
mitted to the nuclear physics and radiation protection team at Félix Houphouét
Boigny University, such as non-conformities in radiation protection, the lack of
quality control of the installation and the malfunction in the technical design of
the room were subjected to radiological analysis. Given the lack of studies and
dose analysis in the interventional radiology specialty, the very first dosimetric
study using the thermoluminescent technique was carried out with the aim of
minimizing the stochastic effects and avoiding the deterministic effects linked to
the use of ionizing X radiation. This work, carried out under the usual working
conditions of operators, aims to establish a dosimetric database by estimating
the effective and equivalent doses received to the extremities and to the lens of
the interventional radiology intervention team during the procedures of Uterine

Fibromyoma Embolization.

2. Materials and Methods
2.1. Radiological Risk Analysis

2.1.1. Description and Irradiation Condition of the X-Ray Device

The medical device identified as the source of personnel exposure shown in
Figure 1 is the “Innova version 330” imaging system. It is a fixed installation, the
main component of which is the block arch fitted with the tube. X-ray on one
side and GE’s exclusive revolutionary advanced digital detector, solid-state on
the other side. It is these two elements that are involved in worker exposure. In
practice, the arrangement of the device conditions the direction of the primary
X-ray beam, which in our study is vertical and ascending, the X-ray tube is lo-
cated under the table. In our case the high frequency and voltage ranges of the
X-ray tube are located respectively between 20 kHz - 60 kHz and 40 kV - 125
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Figure 1. The Innova cardiovascular imaging system.

KV. The maximum current is 1000 mA [2]. In general, the C-arm is configured
for posterior-anterior views. Fluoroscopy constants (kV and mA) are automati-

cally adjusted.

2.1.2, Risky Procedures

The activity of the site is essentially a diagnostic and therapeutic activity. Thus,
we collected general administrative data during the period from 2018 to 2020.
The analysis of these data made it possible to know in the interventional radiol-
ogy specialty that only the embolization of uterine fibromyomas is carried out
with a frequency of three to five times per month. In our study, five procedures
were retained on the basis of the most important month in terms of the number
of procedures. For each procedure and patient the practical exposure parameters
such as fluoro and record times were observed, edited in a dose report during

the period of our study and analyzed in the results and discussions section.

2.1.3. Exposures and Personnel Protection

The subjects identified during the observation phase of the risky procedure were
the subject of dosimetric monitoring. The team is made up of a surgeon (Radi-
ologist R) in charge of medical procedures. She may be helped in her tasks by an
operating assistant (O2), a nurse anesthetist (A2) responsible for managing the
patient’s pain and a manipulator (M2) responsible for taking care of the patient
upon arrival in the department. They also assist the Radiologist so that the ex-
amination can take place in the best conditions of comfort and safety. The posi-
tioning of the different personnel depends, among other things, on the anatom-
ical region explored, the multiple incidences as well as the type of acquisition
(fluoroscopy and radiography). The primary operator (surgeon) was usually
placed closer to the patient than other operators during fluoroscopy. In order to
protect against exposure to primary and scattered X-ray beams, individual and
collective radiation protection measures have been taken. All four operators
wore a lead apron and thyroid guard. The manipulator (M) positioned at the

control console located behind a lead screen of 2 mm lead equivalent only enters
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the room when necessary. The available eye protection glasses have been used
less because their number is insufficient and their usefulness has often been

questioned [3].

2.2. Radiological Risk Assessment

The Harshaw 6600 Plus system, consisting of a reader and dosimeters whose
performance characteristics and overall uncertainty [4] [5] were evaluated before
use, allowed the doses received by the operators to be assessed according to their
position in the room. For the dosimetric evaluation, each operator was equipped
with one or more dosimeters to assess the effective dose and equivalent doses to

the extremities and lens of the eye for the radiological procedure performed.

2.2.1. Evaluation of the Effective Dose

For the evaluation of the effective dose, all members of the operating team wore,
during each of their operations, two TLD-100 passive dosimeters at the level of
the chest, under and above the lead-coated gowns. The quantity measured by
this dosimeter was the individual dose equivalent at depth at 10 mm Hp (10), an

estimator of the effective dose to the whole organism.

2.2.2. Evaluation of Extremity Equivalents

The dose equivalent Hp (0.07) at the extremities was evaluated only for the prin-
cipal radiologist, using extremity dosimeters type TLD X-100 (ref. 24794) fixed
on adhesive films positioned on banners labeled and suitable for knees, elbows,
ankles, wrists. Only the index fingers were monitored because in practice and in
the literature it is the index finger that is the most active and contributes more to
carrying out acts. The devices) are worn before each intervention, on the dorsal
surfaces of both feet (knees and ankles), on the dorsal surfaces of both hands
(wrists) after surgical washing of the hands. At the level of the indexes, the do-
simeters were positioned directly on the skin to comply with the usual working
conditions [6]. The choice of these locations was decided during the analysis
phase by the practitioners who wished to maintain their ease during the proce-

dures.

2.2.3. Evaluation of the Equivalent Dose to the Lens of the Eye

The eyes of the radiologist are relatively close to the marking grid. It then ap-
peared interesting to us to evaluate the equivalent dose received at the level of
the lens. Two TLD X-100 Temp-Oriented Dosimeters were attached with a film
on a headband worn on the radiologist’s forehead on the most exposed side of
the face and closest to the eye. We will consider that this measured dose will be
very close to the value of the dose equivalent to the lens of the eye Hp (3) due to

the positioning of the dosimeter and the photonic nature of the radiation [7].

2.2.4. Estimation of Annual Effective and Equivalent Doses
The dosimetric evaluations were extrapolated to the annual activity to charac-

terize the operators according to the equation:
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The potential doses received annually were estimated based on the cumulative
doses recorded by the dosimeters for each location The maximum monthly in-
tervention retained was five interventions. By adding up the doses of all the in-
terventions for each location, we obtain the value of the menstrual dose. By pro-
jecting this value by a factor of eleven, we obtain the annual dose. Regarding the
double dosimetry (two dosimeters were worn, one above and the other below the
lead apron), the effective dose was estimated using the expression E = Hp (10) u
+ 0.05 Hp (10) o [8] where u and o, respectively, represent the measurements

made below and above the lead apron.

3. Results and Discussions

3.1. Practical Exposure Parameter

The variations of times, fluoroscopy (green), script (blue) and intervention (yel-
low) as a function of the number of procedures were presented in Figure 2. The
results show, mean fluoroscopy times of 32.37 min with extremes of 25.14 to
56.32 min; mean writing times of 0.52 min with extremes of 0.12 to 1 min. The
fluoroscopy is used for half or a third of the operating time compared to the
graphing which is used less. This shows the importance of using X-rays in inter-
ventional radiology. The main factor of exposure highlighted is the total time of
use of the fluoroscopy. This time varies considerably from one type of interven-
tion to another, but also for the same type of intervention. This variability is de-
pendent on the radiologist. This can be explained by the skill, slowness and lack
of knowledge in terms of radiation protection of the radiologist when raising the
probe (catheter) through the femur in the patient. To reduce these exposures,
surgeons must be made aware of radiation protection, which will considerably
reduce the time of fluoroscopic imaging and the dose received [9]. On the other

hand, our results presented in Figure 4 are in agreement with those expressed in
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Figure 2. Variability of exposure parameters by number of procedures.
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the literature [3].

3.2. Effective Dose

The whole body dose distributions above and below the lead apron of the entire
surgical team during the five Uterine Fibromyoma embolization procedures
have been shown in Figure 3 In the figure, the white dot represents the mean,
the lower (Q1-min) and upper (max-Q3) error bars represent the dispersions;
the black dots are the minimum and the maximum connected by the black line
which corresponds to the range of values measured at the breast, the red box
corresponds to the difference of quartile 3 and quartile 1. The ranges of varia-
tions at the breast of all teams were respectively from 0.38 mSv to 0.14 mSv with
an average value of 0.24 mSv above the apron and from 0.01 mSv to 0.08 mSv
with an average value of 0.04 mSv below the apron lead. In general, the average
value (per procedure) is always less than 0.3 mSv, although above the lead apron
the range of values can vary considerably from one stakeholder to another due to
the inhomogeneity of the field and the positioning of the personnel. The vast
majority of doses of people assessed under the lead apron remained below the
detection threshold of 100 pSv, which confirms the effectiveness of wearing lead
aprons as a means of personal protection. The lead apron correctly attenuates
the radiation by reducing it to the measured value of the background noise.
Moreover, we note that for the average values found in our study below the
whole body are of the same order of magnitude as the lowest values published in
the literature [7] [10]. The effective dose received by the radiologist most often
placed in front of the X-ray tube or to its left, is greater than in other operators
located on the other side of the main from the X-ray tube. This can be explained

by the positioning of each relative to the x-ray tube.
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Figure 3. Hp dose variation ranges (10) according to the different members of the inter-
ventional radiology team.
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3.3. Extremity Equivalent Dose Distributions

The anatomical distributions of the percentage of non-zero doses recorded for
the radiologist were presented in Figure 4 and made it possible to identify the
most exposed areas. There are 56% of non-zero doses recorded on the hands,
19% of non-zero doses recorded on the knees and ankles, 16% of non-zero doses
recorded on the arms (elbows), 9% of non-zero doses recorded on the lens (eyes)
of the operator. These percentages represent a very large proportion of exposure
in terms of radiation protection and confirm the choice of body areas that were

the subject of dosimetric monitoring during this study

3.4. Dose Equivalent to the Extremities Placed on the Right and
Left Limbs (Arm, Knee, and Ankle)

Figure 5 shows a concise summary of Hp (0.07) (mSv) dose values per proce-
dure for, left and right arm (elbow), left and right ankle, left and right knee. In
this figure, the white point represents the mean, the lower (Q1-min) and upper
(max-Q3) error bars represent the dispersions; the black dots are the minimum
and the maximum connected by the black line which corresponds to the range of
values measured at the chest. The red box corresponds to the difference of quar-
tile 3 and quartile 1 at each position. The ranges of variation of the left and right
lateral limbs were 0.25 mSv to 0.32 mSv with an average of 0.29 mSv; from 0.17
to 0.29 mSv with an average of 0.23 mSv; from 0.17 to 0.26 mSv with an average
of 0.21 mSv; from 0.12 to 0.21 mSv with an average value of 0.18 mSv; from 0.08
mSv to 0.15 mSv with an average of 0.11 mSv, from 0.03 mSv to 0.11 mSv with

an average of 0.07 mSv respectively for the left and right elbow, left and right

Left knee
3%

Right ankle
7%

Right knee
1%
Left ankle
8%

Right index
14%

right elbow Left elbow
6% 10% Right lens|

4% Left lens

5%

Figure 4. Anatomical distributions of the percentage of non-zero doses recorded for the radiologist.
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Figure 5. Summary of Hp (0.07) (mSv) dose values per procedure for arms (elbows) and
feet (knees, ankles).

ankle, left knee and right. It can be observed that for all the procedures that the
left lateral limbs were more exposed (maximum of 0.32 mSv for the left arm (el-
bow)) because they were closer to the radiation plane. The left side of the radi-
ologist corresponds to the side dominant because the dose values are higher than
the right side (non-dominant side). In contrast, the right limbs never exceeded
0.29 mSv. This difference can then be explained by the position of the radiologist
in relation to the operating table. For all procedures, the left arm (elbow) re-
ceived a higher range of dose values than the ankle and knee, in that order. The
same was verified for the right limbs in the same order as the left limbs. The
mean dominant ankle dose was low and the maximum did not exceed 0.22 mSv
in all procedures studied. The dose range at the knee appears to have been even
lower, most likely because the dosimeter placed at the knee was often in the

shadow of the lead apron.

3.5. Equivalent Dose to the Extremities of the
Hands (Wrists and Index Finger)

Exposure of hands and fingers can cause acute or chronic radiodermatitis. The
chronic form is most often the result of multiple medical exposures in high-risk
specialties such as radiology, cardiology and vascular, digestive, urinary and or-
thopedic surgery [11]. Figure 6 presents a concise summary of Hp (0.07) (mSv)
dose values per procedure is for the wrist of the left hand and right hand, the left
and right index finger. In the figure, the white point represents the mean, the
lower (Q1 min) and upper (max-Q3) error bars represent the dispersions; the
black dots are the minimum and the maximum connected by the black line
which corresponds to the range of values measured at the chest. The red box
corresponds to the difference of quartile 3 and quartile 1 at each position. The
ranges of variations of the wrist, the left hand, the right hand as well as the in-
dex, left and right were respectively from 0.39 mSv to 0.65 mSv with an average

of 0.53 mSv; from 0, 31 mSv to 0.58 mSv with an average of 0.41 mSv; from 0.59
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Figure 6. Summary of Hp (0.07) (mSv) dose values by hand procedure (wrists and index
finger).

mSv to 0.83 mSv with an average of 0.67 mSv; from 0.45 mSv to 0.75 mSv with
an average of 0.56 mSv. In this work, the highest dose was recorded in the left
hand. It is the non-dominant hand because the radiologist is right-handed.
Similarly, measurements at the wrist on both the non-dominant hand (0.65
mSv) and the dominant hand (0.58 mSv) show very low values compared to the
doses of the index finger (0.75 mSv and 0.83 mSv). Therefore, the wrist position
does not describe the dose received by the hand well and should not be used as a
routine monitoring position. The primary operator’s exposure to radiation
should be carefully monitored at the fingertips. Our results compared to those
published in the literature [12] [13] [14] can be explained by the type of inter-
vention, the number of procedures and the method used to assess the dose. To
prevent the hand from being exposed in the primary beam and increase the dis-
tance of the hand to the irradiation plane, thus reducing the dose received from
the non dominant hand we recommend needle holders instead of the use of lead

gloves which are questionable [15].

3.6. Dose Equivalent to the Lens of the Eye

The lens of the eye is one of the most radiosensitive tissues in the body, and ex-
posure of the lens to ionizing radiation can cause radio-induced cataracts and
cloudiness of the lens [16]. The dose distributions shown in Figure 7 indicate
4% and 5%, respectively, of non-zero doses recorded to the left and right lenses
of the main operator of our study during the procedures. These percentages are
significantly low compared to the other bodies in our study. However, they are
not negligible in terms of radiation protection. A concise summary of the pro-
cedural Hp (0.07) dose values obtained at the left (left eye) and right (right eye)
temples is shown in Figure 7 based on statistical parameters such as, mean, dis-
persion and the extent.The ranges of variations were from 0.11 mSv to 0.24 mSv
with an average of 0.17 mSv; from 0.10 mSv to 0.15 mSv with an average of 0.13

mSv respectively for the left temple (left eye) and right (right eye). The maximum
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Figure 7. Summary of Hp (0.07) (mSv) dose values by lens of the eye procedure (left and
right temple).

dose recorded during embolization procedures is 0.24 mSv at the left temple
compared to 0.15 mSv at the radiologist’s right temple. In our study and what is
found in the literature, the X-ray tubes are on the operator’s left. Therefore, this
important difference observed between the dose measured at the tube side eye
(left eye) compared to the other eye According to Chong, et al (2000) [17] lies in
the orientation of the head of the operator according to the layout of the display
screens, hence the importance of correct positioning of the interventionist’s head
[18]. As noted by IRSN in its report [19] on exposure of the lens in intervention-
al radiology, the comparison between the various data published in the literature
is difficult. This is because of the differences in the dose measurement conditions
(Hp (0.07), with and without protection, type of procedures, etc.). In the case of
our study, the existence of ceiling protection and the use of radiation protection

glasses also help to keep exposure to a lower level.

3.7. Annual Dose Estimates

For the five (5) procedures considered the sum of the dose values for the whole
body at the chest, above and below the lead apron gave respective yields of 1.35
mSv and 0.3 mSv for the Radiologist (R). Based on the double dosimetry algo-
rithm, the effective dose to the chest was 0.36 mSv for the Radiologist (R). A
projection over one year, assuming a maximum number of procedures per-
formed by the single radiologist in one year of 55 Uterine Fibromyoma Emboli-
zation gave 4.04 mSv as an annual effective dose. The annual dose was compared
to the annual exposure limits naturally recommended at the international level
by ICRP 60 [20], which is 20 mSv per for a category A worker and 6 msv for a
category B worker. Similar reasoning allowed to have respectively the effective
annual doses of 3.42 mSv, 2.84 mSv; 2.28 mSv, O operators; A, M. These values
compared to the annual exposure limit in Figure 8 are not of concern. Based on
the same reasoning of cumulative doses of all the procedures in equation (I), the
equivalent doses to the arms (left and right elbow), wrists (left and right), Index
(left and right), on the knees (left and right), ankles (left and right), lens (left and
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Figure 8. Annual effective dose Hp (10) comparisons to ICRP 60 (20 mSv and 6 mSv).
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Figure 9. Annual dose Hp (0.07) comparisons (mSv to crystalline lens versus ICRP 60 (150 mSv) and new
regulations in effect July 1, 2023 (20 mSv).

right eye) gave yields of 1.46 mSv and 1.17 mSy, respectively; 2.68 mSv and 2.08
mSv; 3.37 mSv and 2.87 mSv; 0.59 mSv and 0.41 mSv; 1.06 mSv and 0.86 mSv; of
0.86 mSv and 0.65 mSv The same projection as above gives annual equivalent
doses to the same organ of 16.06 mSv and 12.87 mSv; 29.48 mSv and 22.88 mSv;
of 37.07 mSv and 30.91 mSv; 6.49 mSv and 4.51 mSv; 11.66 and 9.76 mSv; 9.46
mSv and 7.15 mSv. Consequently, these annual values remained below the an-
nual dose limit at the extremities and at the lens of 500 mSv and 150 mSv [21] of
Figure 9 and Figure 10. Concerning the equivalent doses to the lens, the trans-
position into French law of the Directive Euratom 2013/59 [21], will lower the
limit of exposure to the lens of the eye to 15 mSv for the public and 20 mSv for
exposed personnel (categorized) [22]. From the above, these limit values will be
applied by international regulations July 1, 2023. The annual equivalent dose to
the dominant lens of our study of 9.46 mSv should in fact result in little change
in personnel classification since 88 procedures per year would be necessary to
exceed the limit of 15 mSv. However, for the team of our study, the number of

117 annual interventions should not be reached under penalty of exceeding the
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Figure 10. Annual Hp dose (0.07) comparisons (extremity mSv vs ICRP 60 (500 mSv)).

limit of 20 mSv in the lens. Taking all these considerations into account, we can
conclude that the effective and equivalent annual doses received by the radiolo-
gist and her team are much lower than the annual values. The radiologist and
the other members of the team are poorly exposed to ionizing radiation and the
staff run no risk of a deterministic effect on the various organs that have been

monitored. However, there is a risk of a stochastic effect.

4. Conclusion

In definitive, this study provided the interventional radiology team with the very
first assessment of their exposure to ionizing x radiation in the course of their
job. The risk analysis and assessment showed great variability in the doses re-
ceived, to the whole body, extremities and crystalline lenses of the different
members of the operating team. Many influencing factors such as the abundant
use of X-rays, the nature of the acts, the non-quality control of the installations,
the imperfect use of collective protective equipment (EPC) and personal protec-
tive equipment (PPE) and ignorance of radiation protection rules and principles
are at the origin of this variability. In addition, extrapolating the doses measured
over the year by taking into account all the influencing factors. In the case, our
study reveals an acceptable risk of exposure, but not negligible over time for all
stakeholders. From these data, a radiation protection program for better routine
monitoring of the dominant left arm (elbow), left (non-dominant) hand and
eyes of the radiologist could be developed, as could the development of a culture

radiation protection within the team could also reduce doses.
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