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ABSTRACT

The aim of this studyis to evaluate the organ doses of patients undeggbepatic chemoembolization
procedures performed two hospitals in the city of Recife-Braziorty eight patients undergoing fifty hepatic
chemoembolization procedures were investigated.tif®r20 cases with PA projection only, organ asdui
absorbed doses as well as radiation risks werailesdel. For this purpose organs and tissues do$AR
conversion coefficients were calculated using tlestbased phantom series FASH and MASH couplelgeto t
EGSnrc Monte Carlo code. Clinical, dosimetric amediations parameters were registered for allepédi The
maximum organ doses found were 1.72 Gy, 0.65G¥ G¥ and 0.33 Gy for skin, kidneys, adrenals awelr i
respectively.

1. INTRODUCTION

Hepatic chemoembolization interventional procedurage been recognized for delivering
high skin doses to patients. In many cases patregtsre repeated chemoembolizations to be
performed for the same lesion. Re-irradiation of gkin and organs may significantly
increase the probability of radiation effects. Sal/etudies have reported the maximum skin
dose and the air-kerma area product (KAP) for gsmessment of patient radiation exposure
for this procedure [1, 2, 3]. However, few estinsadé organ and tissue absorbed doses have
been done so far.

In patient dosimetry for interventional radiologl,is common to use specific conversion
coefficients (CCs) for estimating the organ anduesabsorbed dose to patients. The CCs are
defined as the ratio between the absorbed dose $peaified organ or tissue and a
normalization quantity, like the air kerma—areadwuct KAP, for example [4]. CCs are
usually determined by Monte Carlo calculations.

The ICRP recommends the use of reference compuagtphantoms for the adult reference
male and female for the calculation of organs assuée CCs [5]. The main problem when
using a CC is the anatomical correspondence betwagant and phantom. In a study in
interventional procedures, Johnson et al [6] shothatlif the patient size is neglected when
choosing a CC, organ and tissue absorbed dosebevilhderestimated for an underweight
patient and will be overestimated for an overweiggtient, with errors as large as 113% for
certain projections.
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Therefore, the use of phantoms with different bodgsses and/or heights for the Monte
Carlo calculations would certainly improve the organd tissue absorbed dose assessments
for populations such as patients [7].

2. MATERIALS AND METHODS

This study investigated 50 hepatic chemoembolinapimcedures for 48 patients diagnosed
with hepatocellular carcinoma which have been @@t two hospitals in the city of Recife-
Brazil. Table 1 summarizes the anthropometric dathe patients per hospital and gender.

Table 1. Anthropometric data of the patients

Patient Age (y) Mass (kg) Height (cm)
Hospital Gender/ Mean Mean Mean

Equipment Number Min-Max Min-Max Min-Max
F/10 56,86 59,40 159,25

A (25-81) (49-68) (155-165)
Siemens M/18 65,27 63,59 164,82

(35-89) (49-81) (155-178)
F/10 65,57 73,40 158,80

B (51-85) (60-100) (152-162)
Philips M/10 67,60 89 170,20

(53-78) (80-101) (165-174)

The examinations were carried out with a Siemers Zee (hospital A) and a Philips Allura
FD 20 equipment (hospital B), both equipped witht fpanel technology. The projections
used by the physicians were PA for 20 cases, PA2&ARAO/12° CRA for 20 cases and PA
and 23° RAO/12° CAU for 10 cases. The dose protoamed in the procedures were
adjusted by the technicians of the room. In allcpaures, pulsed fluoroscopy and a low rate
of image acquisition was used.

For each procedure the following patient exposaita @vere recorded: tube potential, current,
pulse length, fluoroscopy time, number of imagésdfof-view (FOV), source-to-detector
distance (SDD) and the KAP. The KAP meters of eghipment were calibrated using the
under couch installation methodology describedNiBA code of practice [8].

For the 20 cases with PA projections, organ argluésabsorbed doses as well as radiation
risks were calculated with anthropometric supinaltaduman phantoms. Applying to the
standing anthropometric adult human MASH/FASH pbarg (Cassola et al 2011) the
methodology developed by Cassola et al 2010 [$u@ne phantoms for each gender with
three different body masses and three differerghtgihave been designed. These phantoms
are used by the online dose calculator CALDose_(§. [Eigures 1 and 2 show the male and
female anthropometric adult phantoms, respectividy, 3 different body masses and 3
different heights, with the masses and heights shawable 2.
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Figure 2. Female adult anthropometric FASH phantoms
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Table 2. Body masses and heights for the anthroportne MASH and FASH phantoms

FEMALE ADULT MALE ADULT
MASS MASS MASS MASS MASS MASS
Percentil 10th 50th 90th 10th 50th 90th
HEIGHT | 48.6 kg 58.5 kg 76.7 kg 59.3 kg 71.1 kg 88.2 kg
10th 155.5cm  155.5cm 155.5cm| 167.3cm 167.3cm 167.3 cm
HEIGHT 54 kg 65 kg 85 kg 66 kg 79 kg 98 kg
50th 163.8cm 163.8 cm 163.8cm| 176.4cm 176.4cm 176.4 cm
HEIGHT | 59.6 kg 71.8 kg 94 kg 73.0 kg 87.5 kg 108.5 kg
90th 172.2cm 172.2cm 172.2cm| 185.6cm 185.6 cm 185.6 cm

Using the anthropometric MASH and FASH phantomsasho figures 1 and 2, CCs between
organ and tissue absorbed doses and the KAP werdatad with the EGSnrc Monte Carlo code
[11], for the 20 cases of PA projection, takingoirgccount body masses and heights of the
patients as closely as possible to the phantomsifetan in table 2.

Table 3 shows the tube potentials and filtrationhef equipments used during the procedures in
hospitals A and B. For the Monte Carlo simulatiods;ay spectra have been generated using
these data and the IPEM 78 catalogue of spectrh Fi2 all simulations a field size at the
detector input of 35cm x 35cm and a focus- to patikstance of 70 cm were used.

Table 3. Beam qualities usedtime Monte Carlo simulations

Hospital kVp Filtration HVL (mm Al)
70 2.5 mm Al + 0.3 mm Cu 5,487
A
80 2.5 mm Al + 0.3 mm Cu 6,307
90 3,5mm Al +0.4 mm Cu 7,78
100 3,5mm Al + 0.4mm Cu 8,42
B 110 3,5 mm Al + 0.4 mm Cu 8,97

3. RESULTS AND DISCUSSION

In table 4, irradiation and patient dose paramaisesl in each hospital for male and female
patients submitted to hepatic chemoembolizatiorgntare are summarized. KAP values are
significantly higher in hospital B, which will bexplained later based on the data shown in
tables 6 and 7.
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Table 4. Mean values of irradiation and dosparameters per hospital and gender

Irradiation parameters Patient dosimetric paramsete
Hospital Patient Potential| Current| Pulse | No of | Fluoroscopy| KAP
gender (kV) (mA) | length | images time (Gy*cm?)
(ms) (min)

A F 66,73 | 147,44, 12,70 205,63 20,13 136,52

M 67,40 | 151,55 12,35 307,18 22,75 297,02

B F 97,48 15,47 *** 220,43 16,30 396,13

M 100,69 | 15,87 x| 255,20 15,96 513,76

*** ynreported data

Multiplication of the CCs with the measured KAP wes of tables 6 and 7 gives the absolute
organ and tissue absorbed doses per male and feratdmts in both hospitals shown in

figures 3 and 4, respectively.

Kidneys

Adrenals

Absorbed dose (mGy

Colon wall
Breasts, glandular

Bladder wall
Oral mucosa

Brain

Liver

®
2
()
@ @£
(O
@ o2
e £ e
w5 @@=
Doy 0=
c ©
S 08 £
J4o2 U6
—
©
>
O

Skin dose

Stomach wall

Salivary glands

Spleen

Organ / tissue

Thymus
Thyroid

Extrathoracic airways
Heart wall

Il Hospital A
B Hospital B

@]
v
ECD
(0]
_onk
mﬁa—Jn:E
0 23 Ex
T @ S ©
25c E=S
0oL X
S S0 8
Too =
.sz
g-cu(l)
£ 0
i

Figure 3. Mean female organ absorbed dose for PA ppection

X Congreso Regional Latinoamericano IRPA de Pratecg Seguridad Radiolégica, 2015




@
S B Hospital A
2000 - £ I Hospital B
1 )
1800
1600
> 1400 -
Qo ]
E 12004
D 1 O
0]
8 1000 s
O A _ Om £
o 800—2 © » zgﬂfj
o 15 2 e B E B50ES
(@] 600—2 o | D%Au—’l %] m::_DC-EE
¢ 15=8="2 00 G2 o BT 2T
o 500 @ wl O T @ D3SO 0SS
<< 400|223 5 o9 c= cEome S¢laoyg
= c 0 m= ole) - '—m-C:x
1HEES SgoTSM o2 >ED2 88TV
200 HSSS Sl laQ oM &2 28 L5°
30 oM T &%
o o g

Organ / tissue

Figure 4. Mean male organ absorbed dose for PA pregtion

Organs or tissues showing the highest doses arskthgkidneys, adrenals, liver, pancreas,

and the skeletal tissues red bone marrow (RBM)thadbone surface cells (BSC). Table 5

shows the mean absorbed doses (AvDos) for thesm®rgnd tissues, together with the

standard deviation (sd) and the range per hosaitdlgender. The skin absorbed dose was
calculated in a 7.2 cm square of skin around timtrakaxis of the beam at the entrance side,
while RBM and BSC absorbed doses are the maximworabed dose found in a bone in the

irradiated volume of the body.

Comparison with data from Hidajat et al [16] anduBaet al [17] in table 5 show reasonable
agreement with data from this study. One reasatisfcould be the agreement in the body
mass of the patients between studies. For exarhplenedian body mass of patients in the
Dauer’'s study was 79 kg that is comparable with riedian body mass of patients for
hospital B (82 kg) in this study.

X Congreso Regional Latinoamericano IRPA de Prafecg Seguridad Radioldgica, 2015



Table 5. Absorbed doses (Gy) for the organs/tissuesth the highest values for hospital
A and B as a function of gender for PA projection

Skin Kidneys BSC Adrenals RBM Liver Pancreas
Hospital A (12 subjects)
AvDostsd 0.62+0.54  0.20+0.14 0.16+0.1D.16+0.10 0.11+0.08 0.09+0.05 0.08+0.05
Range 0.18-2.22 0.07-0.60 0.06-0.49 0.06-0.46 0.04-0.35 0.03-0.22 0.03-0.23
Hidajat et al 0.20+0.14 0.16+0.11 0.08+0.05
9 male subjects
AvDostsd 0.72+0.60  0.22+0.15 0.18+0.1®.17+0.11 0.13+0.1 0.09+0.050.09+0.06
Range 0.18-2.22 0.07-0.59 0.06-0.48 0.06-0.46 0.04-0.35 0.03-0.22 0.03-0.23
3 female subjects
AvDostsd 0.34+0.14  0.14+0.04 0.08+0.02.12+0.04 0.06+0.02 0.06+0.02 0.05+0.02
Range 0.21-0.48 0.10-0.19 0.06-0.11 0.08-0.16 0.05-0.08 0.05-0.09 0.04-0.07
Hospital B (8 subjects)
AvDostsd 1.66+0.63  0.58+0.21 0.50+0.18.50+0.19 0.35+0.13 0.29+0.11 0.27+0.10
Range 0.53-2.44 0.27-0.85 0.21-0.78 0.24-0.76 0.15-0.55 0.15-0.44 0.13-0.39
Dauer et al 0.54+0.35 0.50+0.31 0.19+0.12 0.14+0.09
4 male subjects
AvDostsd 1.72+0.50 0.51+0.17 0.51+0.18.44+0.16 0.36+0.13 0.24+0.08 0.24+0.08
Range 1.30-2.43 0.38-0.76 0.40-0.78 0.33-0.68 0.28-0.55 0.18-0.37 0.18-0.36
Dauer et al 0.59+0.32 0.54+0.27 0.20+0.10 0.15+0.08
4 female subjects
AvDostsd 1.60+0.81  0.65+0.26 0.49+0.2@.56+0.23 0.34+0.14 0.33+0.13 0.30%0.12
Range 0.53-2.44 0.27-0.85 0.21-0.66 0.24-0.76 0.15-0.46 0.15-0.44 0.13-0.39
Dauer et al 0.44+0.38 0.42+0.36 0.17+0.15 0.11+0.11

Table 6 and 7 show that patient’'s body massesragdeay in hospital B and also the number
of images is higher which leads to higher KAP valaed consequently to higher organ and

tissue absorbed doses.

Following a method described earlier (Kramer et2@08), CCs between risk of cancer
incidence and mortality and the KAP have been ¢aled together with the organ absorbed
doses in the Monte Carlo calculation using radiglalgrisk coefficients from the BEIR VII

report (NA/NRC, 2006). The results for the patient® underwent PA procedures are shown
in tables 6 and 7.
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Table 6. Anthropometric, dosimetric and risk-related data for the 12 PA patients in

hospital A
Hospital A
Cancer incidence Cancer mortality
Fluoroscopy Cases per fper Cases per fer
Gender Age Mass Height Images Time KAP KAP KAP
(y) (kg) (cm) Number (min) (Gy*cm?) 10° (Gy*cm?)' 10° (Gy*cnd)®
F 45 68 159 184 21.7 113.4 1.439 1.122
F 75 49 158 180 11.7 73.5 0.906 0.858
F 45 65 165 137 36 162.7 1.439 1.122
mean 55.0 60.7 160.7 167.0 23.1 116.5 1.261 1.034
M 70  49.7 156 218 11.2 131.4 0.760 0.695
M 64 66 171 323 47.1 193.9 0.896 0.788
M 70 81 168 354 31.2 731.1 0.576 0.533
M 72 53 160 176 25.8 139.0 0.696 0.649
M 35 81 169 362 14.3 235.8 0.841 0.663
M 65 53 165 139 12.3 187.1 0.862 0.759
M 72 49 162 128 14.2 65.4 0.696 0.649
M 63 73.7 166 176 12.6 186.7 0.765 0.665
M 62 69 163 206 26.9 319.8 0.783 0.676
mean 63.7 639 1644 231.3 21.7 243.4 0.764 0.675
Table 7. Anthropometric, dosimetric and risk-related data for the 8 PA patients in
hospital B
Hospital B
Cancer incidence Cancer mortaljty
Fluoroscopy cases per fer cases per fper
Gender Age Mass Height Images Time KAP KAP KAP
(y) (kg) (cm) Number (min) (Gy*cn®) 10° (Gy*cn?)'  10° (Gy*cm)™
F 58 68 162 317 10.4 462.7 1.840 1.527
F 67 60 160 147 11.1 169.7 1.797 1.595
F 85 100 160 390 175 755.2 0.703 0.698
F 83 69 152 198 29.4 587.8 0.816 0.810
mean 73.3 74.3 158.5 263.0 17.1 493.9 1.289 1.157
M 53 84 170 429 17.3 767.0 1.349 1.101
M 72 101 174 220 11.0 534.7 0.744 0.692
M 72 97 173 177 17.1 454.5 0.801 0.743
M 63 80 165 254 22.4 404.9 1.118 0.966
mean 65.0090.50 170.50 270.00 16.9 540.3 1.003 0.876
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Apart from the exposure conditions, especiallyftiie potential, and the patients mass and
height, risk CCs depend on gender and age. Radbtalocancer risks are higher for women

than for men, mainly because of the increased bosaer risk, and are higher for younger
patients. With the data shown in tables 6 and ‘abs®lute cancer risk can be calculated.

1. Example: First female patient in hospital B. Hixsolute risk for cancer mortality is
R =1.527* 10 (Gy*cm?)™ * 462.69 (Gy*cm) = 7.07 * 10° or 0.71%

2. Example: Last male patient in hospital A. Thedbte risk for cancer mortality is
R=0.676 * 10 (Gy*cn?)™* *319.82 (Gy*cm) = 2.16 * 10° or 0.22%

Based on new epidemiological evidence, the ICRPhasipes the optimization of exposures
to specific tissues, particularly the lens of tlye,ehe heart and the cerebrovascular system
(ICRP, 2012).

In this study, one patient was undergoing more thame procedure of hepatic
chemoembolization. The accumulated absorbed dogketdeart for this patient was 498
mGy. This value is close to the absorbed dose hbtdsfor circulatory disease (0.5 Gy)
ICRP, 2012.

Insufficient collimation of the x-ray beam tbe region of treatment is one of the possible
causes of this fact. The majority of the proceduresthis study were conducted by
practitioners with few training in radiation proten. The figure 5 shows a) a case of non-
appropriate collimation and b) a case of approgriaobllimation during a hepatic
arteriography in a chemoembolization procedure.

Figure 5. Image of a hepatic arteriography. (Left &le) non-optimized collimation and
(right side) proper collimation
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4. CONCLUSIONS

In addition to reaching the thresholds for skiruimgs to patientsother important organs can
receive significant radiation doses in hepatic obemibolization procedures compared with other
diagnostic procedures.

The results show that apart from irradiation patense such as tube voltage, filtration, egan
and tissue absorbed doses depend aditionally orpdtient’s body mass. Organ and tissue
absorbed doses increase with the patient’s bodyg.mas

In this work, organ andissue conversion coefficients for tlar kerma—area product for PA

projection were calculated based on the anthropienetaracteristics of the patients for a
range of beam qualities used in hepatic chemoemdi@h interventional procedures that can
serve to optimize radiological protection of pateesubmitted to this medical procedure.
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