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Background: This study aimed to estimate occupational doses and patient peak skin doses
(PSDs) during interventional radiology procedures.

Materials and Methods: We examined data from brain embolization (n = 30), hepatic che-
moembolization (n = 50), and uterine embolization (n = 12). The PSDs were measured using
radiochromic film around the patients head (group 1) or abdominal/pelvic region (group 2).
Acquisition technical data and kerma-area products (KAP) were also recorded. Occupational

doses were measured using Instadose™ dosimeters near the left eye region (LER), chest, and

left ankle.

Results and Discussion: The third quartile (median) KAP values were 408.1 (235.3) Gy cm?
for group 1 and 584.4 (449.4) Gy cm” for group 2. The average PSDs were greatest during vas-
cular procedures, reaching 1,004.4 (786.4) mGy, and the highest PSD was 2,352.6 mGy (dur-
ing hepatic chemoembolization). The third quartile (median) occupational doses were 0.35
(0.21) mSv at the LER, 0.25 (0.15) mSv at the chest, and 1.47 (0.64) mSv at the left ankle. Oc-
cupational doses at the LER were higher than at the chest, which highlights the importance of
protective glasses and suspended shields. The occupational doses at the ankle region were also
high, which highlights the importance of using a lead-lined curtain attached to the table.

Conclusion: The results indicate that physicians can reach, for eye region, the weekly occupa-
tional dose limit after around 15 procedures, even when using proper protection. The average
PSD values were below the threshold for tissue reactions, although the complexity of these pro-
cedures emphasises the importance of considering related risks.
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Introduction

Interventional radiology guided by fluoroscopy can facilitate the diagnosis and treat-
ment of numerous diseases, and has reduced the risk of patient death [1, 2]. These pro-
cedures are considered minimally invasive and provide good therapeutic efficacy [2-4].
However, during these procedures, the patient and medical team receive high radia-
tion doses, which highlights the importance of optimizing radiation protection [2, 5, 6].
For example, during embolization procedures, some patients may receive doses that
exceed the threshold for tissue reactions [7, 8]. Furthermore, treatment complexity and
the patient’s clinical condition can increase the risk to both the patient and the medical
team [9, 10]. Therefore, dosimetry evaluations are essential for estimating doses and
optimizing the protection of the patient and medical team [7].
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Various studies have examined the radiation dose that is
absorbed by the patient’s skin [11, 12]. In addition, studies
have revealed large variations in the radiation dose during
cerebral embolization, both at the same hospital and at dif-
ferent hospitals, which most commonly lead to alopecia [3,
11, 13-16]. Thus, the International Atomic Energy Agency
(TAEA) recommends that the patient’s peak skin dose (PSD)
should be kept below 2 Gy, in order to avoid tissue reactions
that include alopecia, erythema, and necrosis [17, 18].

Various organizations have also alerted medical profes-
sionals to the risks of radiation exposure, such as the Interna-
tional Commission on Radiological Protection, the United
Nations Scientific Committee on the Effects of Atomic Radia-
tion, the IAEA, and the National Council on Radiation Pro-
tection. Furthermore, the National Council on Radiation
Protection has described various technical parameters to
evaluate radiation dose, such as the kerma-area product
(KAP), cumulative kerma, and total exposure time. The data
from these parameters can be useful for routine monitoring
and to indicate the need for clinical follow-up in order to
monitoring skin injuries or tissue reactions [19, 20]. More-
over, the United Nations Scientific Committee on the Effects
Atomic Radiation has reported that interventional proce-
dures are associated with the greatest occupational exposure
[21]. Therefore, three IAEA projects (ORAMED, 2008-2011;
ELDO, 2013; and EURALOC, 2014-2017) have been per-
formed to develop protection measures for use during inter-
ventional radiology.

Studies of occupational exposure have revealed that pro-
longed radiation exposure during fluoroscopy-guiding inter-
ventional procedures can lead to severe ocular damage [10].
In addition, Vano et al. [22] reported that physicians and
medical team members experienced early radiation-in-
duced changes in the eye lens, which emphasizes the urgent
need for improvements in radioprotection, professional
training, eye protection using during catheterisation, and oc-

Table 1. Embolization Protocols used in Procedures into Groups 1 and 2

cupational dosimetry improvement. Vaiio et al. [22] have
also suggested that a dosimeter at the C-arm’s isocentre
should be used as a reference to estimate scattered radiation
doses near the patient, and that the dosimeter could be used
to conservatively estimate occupational doses to the eyes
when a personal dosimeter is not used for any reason [23].
Roguin et al. [24] also reported 31 cases of head and neck
cancer in healthcare professionals who were occupationally
exposed to radiation during cardiac and interventional pro-
cedures. Finally, fluoroscopy-guided interventional proce-
dures may be associated with eye lens damage and tumours
over time among physicians and medical team members [2,
9, 10, 22, 25, 26]. Therefore, the present study aimed to deter-
mine occupational doses and patient PSDs in cases of neu-
roembolization, hepatic artery chemoembolization, and
uterine artery embolization.

Materials and Methods

The study’s protocol was approved by the ethics commit-
tee of Sdo Paulo Federal University (187 614). Data collection
during the interventional therapeutic procedure occurred
between 2013 and 2016, but the clinical follow-up consider-
ing skin disease was performed until 2018.

We evaluated 92 therapeutic embolization procedures that
were performed at our centre using a Philips Integris Allura
V5000, Massachusetts, USA, digital system with an image in-
tensifier and a 25-38 cm field of view (FOV). The patients
were divided according to whether they underwent neuro-
embolisation (group 1) or vascular embolisation (group 2).
Group 1 included patients (men and women who were 15-
72 years old) with vascular disease in their neurological sys-
tem, such as aneurysm (n=20) or arteriovenous malforma-
tion (n=10). Group 2 included 50 patients who underwent
chemoembolization for hepatic neoplasms (men and wom-
en who were 19-75 years old) and 12 women with uterine

Group 1 Group 2
Aneurism/AVM Hepatic Chemoembolization Myoma Chemoembolization
Total Images: 55 Total Images: 70 Total Images: 33
Protocol Run Time (sec) Frames/s Protocol Run Time (sec) Frames/s Protocol Run Time (sec) Frames/s
Cerebral 1 10 3 Abdomen 1 20 2 Pelvis 1 6 3
10 2 20 1 5 2
5 1 2 0.5 10 0.5

Font: Philips Allura V5000.
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myoma (29-41 years old). The monitoring data included flu-
oroscopy time, number of images, KAP (Gy-cm?), voltage
(kvp), electric current (mA), and FOV. Table 1 shows the pro-
tocols that were routinely used during the therapeutic proce-
dures.

The occupational doses to the physicians and nurses (per-
sonal dose equivalent) were evaluated using direct-read In-
stadose™ dosimeters, Mirion Technologies Dosimetry, Cali-
fornia, USA. These dosimeters use proprietary direct ion
storage technology, and are accredited in the USA through
the National Voluntary Laboratory Accreditation Program
(NVLAP code: 100555-0). The Instadose™ dosimeters were
placed at the sphenoidal region (near the eyes), over the
apron at the chest level, and at the left ankle. A suspended
ceiling and lateral curtain were rarely used during the proce-
dures. The nurses wore anterior and posterior dosimeters
over the apron at the chest level. Only the physicians wore
lead glasses with lateral protection, though they did not use
special gloves as radioprotection tool for their hands. Similar
to a previous study, we used an Instadose™ device at the C-
arm isocentre as a reference point [22].

A recent study with Instadose™ dosimeters showed a sat-
isfactory response face on main dosimetric properties and
also clinical conditions encountered in interventional radiol-
ogy and cardiology [28].

The peak skin doses (PSD) were measured using Gafchro-
mic XR-RV3 film, Ashland Advanced - New Jersey, USA (dose

range: 0.01-30 Gy; energy range: 30 keV to 30 MeV; size:
14”x7”), which had been calibrated at 80 kVp for the half
value layer (HVL) equal to 3.2 mm Al It was used in the Phil-
ips X-ray equipment, Compact Plus 500 VMI model, and the
dose range was from 10 to 800 cGy. The optical readings
were performed using a PEHAMED Densoquick2, densi-
tometer (Taunus -Deutschland). All blackened regions were
selected on each film, and at least three readings were taken
at each region in order to determine the maximum optical
density.

Twelve patients at group 1 had worn a radiotransparent
cranial support that was internally coated with radiochromic
film. Sixteen patients at Group 2 underwent hepatic chemo-
embolization procedures and had the films positioned un-
der their abdominal region.

Results

The tube potential and current were adjusted according to
the patient’s thickness using automatic exposure control,
with ranges of 77-82 kV and 1.5-3.9 mA in group 1 and 80-
110kV and 1.8-8.4 mA in group 2. The FOV sizes were 25 cm
and 31 cm in group 1, compared to 25 cm, 31 cm, and 38 cm
in group 2.

Tables 2, 3 provide the doses from the angiographic equip-
ment’s display at the end of the procedure, as well as the
technical parameters from during the therapeutic proce-

Table 2. Kerma Air Area Product (KAP) Values Obtained at Embolization Procedures

Group 1 Group 2 Chemoembolization

Procedures

Cerebral (Aneurysm/AVM) n=30 Hepatic n=50 Myoma n=12
Measures Mean+SD *75th Median Mean+SD *75th Median Mean+SD *75th Median
KAP FLUORO (Gy-cm?) 57.4+37.3 87.9 46.8 135.5+100.9 146.4 116.9 184.6+81.0 222.4 202.2
KAP CINE (Gy-cm?) 232.5+180.1 334.3 181.7 342.8+246.6  401.7 262.5 266.4+135.6  364.8 265.8
KAP TOTAL (Gy-cm?) 292.5+200.2 4081 235.3 478.3+320.6 550.8 364.8 451.0+197.2 584.4 449.4
*75th Percentile Value.
SD, Standard deviation.
Table 3. Technical Operational Conditions Used at Embolization Procedures

Group 1 Group 2 Chemoembolization
Procedures
Cerebral (Aneurysm/AVM) n=30 Hepatic n=50 Myoma n=12

Measures Mean +SD *75th Median Mean+SD *75th Median Mean+SD *75th Median
Exposure time (min) 29.6+10.9 36.1 24.8 20.2+8.5 26 18.7 31.6+9.8 34.5 32.5
Number of acquisition (Run) 29.9+17.4 39.3 255 11.2+3.7 13 11 9.6+17 10.5 10
Number of images 414.2+254.8 504.5 340.5 190.1+£64.7 205 186 152.7+45.0 189 149.5

*75th Percentile Value.
SD, Standard deviation.
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Table 4. Occupational and Reference Doses (mSv) Obtained at C-arm Using the Instadose™ Dosimeter

Group 1 Group 2 Chemoembolization
Cerebral (Aneurysm/AVM) n=16 Hepatic n=36 Myoma n=09
Occupational Dose (mSv) Mean +SD *75th Median Mean +SD *75th Median Mean+SD *75th Median
C-arm (Reference) 0.63+0.44 1.16 0.37 0.52+0.28 0.62 0.46 0.84+0.39 1.06 0.89
Physician (left orbit) 0.11+0.10 0.21 0.11 0.27+0.17 0.37 0.25 0.27+0.19 0.31 0.20
Physician (anterior thorax) 0.05+0.04 0.07 0.06 0.19+0.11 0.26 0.18 0.27+0.16 0.29 0.27
Physician (left ankle) 0.28+0.25 0.46 0.22 1.25+1.40 1.52 0.67 1.45+0.67 2.01 1.49
Nursing (anterior thorax) 0.05+0.05 0.06 0.05 0.05+0.04 0.06 0.05 0.05+0.06 0.09 0.04
Nursing (posterior thorax) 0.01+0.02 0.00 0.00 0.02+0.04 0.01 0.00 0.03+0.05 0.01 0.00

*75th Percentile Value.
SD, Standard deviation.

= 127

; |

£ ot

g

S 08

5

g 06f

2

5 04r

5 =L . —

(0]

& 0 B *
Left eye Anterior thorax  Left ankle C-arm

Fig. 1. Occupational Doses during the Therapeutic Procedures at
Group 1.
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Fig. 2. Occupational Doses during the Therapeutic Procedures at
Group 2.

dures. Table 2 shows the fluoro, cine, and total KAP values,
while Table 3 shows the values for exposure time, acquisi-
tions, and images.

Table 4 shows the occupational doses at the left orbit, an-
terior/posterior thorax, and ankle, as well as the reference C-
arm dose.

Figures 1 and 2 show the personal equivalent doses re-
ceived during the therapeutic procedures in group 1 and
group 2, respectively.

Table 5 shows the relationship between the physicians’ oc-
cupational doses and the reference C-arm doses for all pro-
cedures.

https://doi.org/10.14407/jrpr.2019.44.3.110

Table 5. Relation Between Occupational Doses Obtained on Physi-
cian’s Orbit, Thorax and Ankle and Reference Doses Evaluated at
C-arm Using Instadose™ Dosimeter

n=57 C-arm/orbit C-arm/thorax C-arm/Ankle
Mean 0.40 0.31 1.65
Median 0.40 0.28 1.22
3rd Quartile 0.65 0.47 214

Table 6. Data Collected from Radiochromic Film at Neuroemboliza-
tion and Hepatic Chemoembolization Procedures

Maximum Doses on the Patient’s Skin (mGy)
Mean+SD *75th  Median Min/Max

Group 1 (Cerebral) 12 722.3+435.3 10459 721,8 159.0/1,302.9
Group 2 (Hepatic) 16 847.6+464.0 971.9 786,4 317.6/2,352.6
Total (G1+G2) 28 793.9+456.2 1004.4 786,4 159.0/2,352.6

Radiochromic flm n

*75th Percentile Value.
G1, group 1; G2, group 2; SD, Standard deviation.
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Fig. 3. Relationship between the kerma-Area Product (KAP) and
Peak Skin Dose (PSD) at Therapeutic Procedures (n=26).

Table 6 shows the maximum patient PSDs during the neu-
roembolization and chemoembolization procedures, which
were determined using radiochromic film.

Figure 3 shows the correlation between the radiochromic
film doses and the KAP values for 26 procedures from groups

www.jrprorg 113
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Fig. 4. Relationship between Exposure Time and Peak Skin Dose
(PSD) at Therapeutic Procedures (n=24).

land2.

Figure 4 shows the relationship between the radiochromic
film doses and total exposure times for acquisition mode
and fluoroscopy mode during 24 procedures from groups 1
and 2.

Discussion

Some authors have suggested evaluating doses in a large
number of procedures, while other authors have recom-
mended reference doses based on 10-50 cases [29, 30]. Wall
[31] have suggested that developing a national reference lev-
el would require a minimum of 20 centres and 10 procedures
from each centre (i.e., 200 total procedures).

Although reference levels are useful for dose optimisation
and quality assessment, patients specific characteristics can
limit the use of reference levels for examining procedure
quality. This variability was observed in the present study,
and is reflected in the highly variable KAP values from
groups 1 and 2. Furthermore, given the asymmetrical data
distribution, we reported the values for fluoroscopy, KAP flu-
oroscopy, KAP acquisition, accumulated KAP, and total im-
ages as the third quartile (median) values, which has also
been used by other authors [31-33]. These results indicate
that our average KAP values and total exposure times were
similar to those from previous studies after accounting for
the inherent uncertainty in these measurements [29, 34].

The radiochromic film has been strongly considered for
measurement of patient skin dose during interventional pro-
cedures.

Gafchromic XR type-R radiochromic film energy response
was investigated by researchers and the results showed that
its energy dependence is minimal over the 75-125 kVp range
(9% variation with +3% error) [35]. A study was conducted

114  www.jrpr.org

Table 7. Maximum Doses on Patients Skin

Neuroembolization  Hepatic Chemoembolization

Peak Skin Dose (Gy)

Variation  Mean Variation Mean
This study 0.16-1.40 0.72 0.31-2.35 0.85
*TECDOC 1641- IAEA 0.21-3.20 1.90 0.08-3.08 1.80

*A All India Institute of Medical Sciences Hospital, New Delhi, India.

*B Santa Maria Hospital, Udine, Italy.

*C Aichi Medical University Hospital, Aichi, Japan.

*D University of Malaya Medical Center, Kuala Lumpur, Malaysia.

“E King Chulalongkorn Memorial Hospital, Bangkok, Thailand.

“F University of Ankara, Faculty of Engineering, Department of Engineering
Physics, Turkey.

to measure the skin dose during interventional neuroradio-
logic procedures with this kind of radiochromic film. The
calibration was carried out at 80 kV for the range of doses
from 0 to 600 cGy. They considered the response to 80 kVp is,
on the average, 7% lower than the response to 120 kVp x-rays.
[36]. In a similar manner, considering the film stability, we
have chosen a single calibration energy to convert film dark-
ening to a map of skin dose carried out at 80 kVp for the
range of doses from 10 to 800 cGy.

Some researchers recognize the benefits of using film to
estimate the patient s skin dose in interventional procedures
even considering the challenges of using it, such as the cost
and need for calibration. They concluded that the total un-
certainty is +7.1% (k=2), considering the uncertainties as-
sociated with the densitometer measurements and the cali-
bration curve [37].

Radiochromic film are useful because they provide accu-
rate PSD estimative at most exposed skin regions, and be-
cause KAP is not an ideal factor for predicting skin reactions
[34, 36]. Interestingly, the present study revealed PSD aver-
age values that were lower than IAEA data from six different
countries (Table 7) [38].

J. C. Waite reported that “correlation between Entrance
skin dose (ESD) and Dose area product (DAP) or fluorosco-
py time could not be established for certain. The best corre-
lation between DAP and ESD seemed to be for neurological
examinations.” At general interventional procedures, fluo-
roscopy time was found (R*=0.75, 16 patients), and correla-
tion between DAP and ESD readings for neurological proce-
dures using a 20 cm field of view was shown (R*=0.87, 10 pa-
tients) [39]. Other studies have indicated that KAP is nega-
tively correlated with fluoroscopy time (Table 8) [40]. Never-
theless, D'Ercole et al. [37] have reported that there is often a
“reasonable” correlation between PSD and KAP, which sug-
gests that KAP values can be useful to predict whether the

https://doi.org/10.14407/jrpr.2019.44.3.110
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Table 8. Results from Researchers that Describe a Correlation (R2) among PSD, KAP and Exposure Time

This study IAEA- TECDOC 1641 D'ercole L. et al.
Correlation
Embolization (‘G1+*G2) Hepatic Chemoembolization Neuroembolization Neuroembolization
PSD/KAP 0.70 0.64 0.53 0.77
PSD/Exp. Time 0.24 0.14 0.42 0.61
KAP/Exp. Time 0.09 0.11 0.68 -

KAP, kerma-Area Product; PSD, Peak Skin Dose; G1, group 1; G2, group 2.

PSD will exceed the dose threshold for tissue reactions. Our
results indicate that the correlation between exposure time
and PSD was poor, although there was a good correlation
between KAP and PSD.

The present study revealed that 66% of the procedures
reached the notification level and approximately 23%
reached the substantial radiation dose level. These data
highlight the importance of dose monitoring at the equip-
ment console, as well as subsequent analysis to identify pa-
tients with an elevated risk of tissue reactions. Furthermore,
we identified three cases with a KAP that reached 500
Gy-cm? and one case with a cumulative kerma of >2 Gy.
Clinical staff has done a follow-up of patients, although no
tissue reactions have been detected at this time.

The IAEA recommends that occupational dose monitor-
ing should be performed at the chest level (inside and out-
side the lead apron), as well as at the eyes and hands [41].

We agree that it is appropriate to monitor occupational
doses in different parts of the body, such as the hands, espe-
cially since the hands are closer to the patient than the trunk
region of the interventional physician. Some authors recom-
mend to monitoring hand dose on the little finger nearest to
the x-ray tube. The question of whether the hands should be
routinely monitored is not a consensus yet.

We decided not to use the Instadose™ dosimeter for phy-
sicians’ hands monitoring considering that this type of elec-
tronic dosimeter could upset the procedure because of its
size and risk in terms of infection control.

Clairand et al. [42] reported that active personal dosime-
ters were able to provide an appropriate response when low-
energy pulsed x-rays were used. The present study revealed
that the various occupational doses were similar to the re-
sults from previous studies (Table 9). Nevertheless, occupa-
tional dose monitoring accuracy is affected by the dosime-
ter’s position, the physician’s position relative to the beam,
and the radiation protocol. Vano et al. [25] have recommend
using a reference dosimeter on the C-arm at approximately
95 cm from the isocentre, which may also be useful for esti-

https://doi.org/10.14407/jrpr.2019.44.3.110

Table 9. Equivalent Dose at Different Physician’s Body Regions dur-
ing Interventional Procedures

Equivalent Dose (MSv)

Mean
Left
Left eye Thorax AnKle
Neuro Interventional This study 0.11 0.05 0.28
Neuri et al. 0.06 003 0.13
kemerink et al. (2002) - - 0.38
Bor et al. (2008) 0.11 0.03 0.04
Moritake et al. (2008) 0.25  0.09 -
Left eye
Median *75th
Neuro Interventional This study 0.11 0.21
Vafio et al. (2015) 0.02 0.05
Interventional Radiology ~ Varo et al. (2015) 0.02 0.04

*75th percentile value.

mating the dose to the eye lens when personal dosimeters
have not been regularly used. Based on their analysis, the
dose to the unprotected eye lens is approximately 30% (6%
for protected eyes) of the reference dose from the C-arm [25],
and our Instadose™ data revealed a similar relationship.

The doses at the left ankle region were the highest, fol-
lowed by the sphenoidal region (near the eyes) and chest re-
gion (over the apron). These results highlight the importance
of routinely using a lead-lined curtain that is attached to the
table.

Interestingly, the nursing team received doses that were
approximately 30% of the dose received by the physicians.
Based on the third quartile values, the occupational doses
registered with Instadose™ dosimeter on the left orbit region
(Group 2) indicated that the weekly dose limit for lens can be
reached within around 15 procedures, considering that these
professionals can receive an annual effective dose of 20 mSy,
even if the ideal working conditions are maintained through-
out the year.

The present study confirmed that PSD and KAP presented
a realistic correlation, which indicates that the KAP value

www.jrprorg 115
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from the equipment console is relevant for monitoring PSD
during interventional procedures. Furthermore, fluoroscopy
time is the only routinely monitored parameter, and it is un-
able to alert physicians to doses that exceed the tissue reac-
tions threshold.

Although the results from the present study agree with
findings from previous multi-centre studies, it is important
to collect data from a larger group of patients to develop alo-
cal reference dose for guiding radiation protection.
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