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IheMRe@manian project of an integrated
sysicmiiomiadiation safety of the patients
mvesicereel | radiological imaging
meihocsamisipiesented here. The new
syisienplisBlociseciemisinnart cards and Public
Kevalnfiestivciviesmihelnew system allows
icldictionieifectivierceoserceicnstorage and o
melielaccliateliepeltineFsysienm
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Iniroduciion
Racdliaiion BackgroW]gleR(VIe)Y
Racliologlical Invesiigclitelgh

IniiEeieiiccRSsiEmiRECUiEe nts, Solution and Implementation
. Applicaiion

. Conclusions

IEEE/ICAIT 2014

7th IEEE/International Conference on Advanced Infocomm Technology
November 14-16, 2014
Fujian Normal University, China



e Ccontinuously increasing number of medical
imY€ESfiteations using radiological methods imposes
nhEMnEsEssity of recording the radiation effective
doses for NoyslelElEy

aihEloehEnispiieNel from one hospital to another, all
over ihe couniry or ClEAZIRiaEReI1lN

» The toial volume prescribed medical
investigations,  stariing Aelaalasl{sleI SN« (=Y} (o]
racliographies and encling cf NejjelgeI i {elelye]{e}7=
a seriovs lack I moniioring cneigifelatl<IeliRisl=
cumulative radiation doses h many WZellitlS AUl
all ever the couniry cnd thelr recelVie{eigelellelilels
doses are quit mpossible o be cumulaiesh
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hcMni€inational Commission on Radiological Protection
(eriRREEcimmends that the public limit of artificial irradiation
shoulcdlcifidesced an average of 1 mSv effective dose per
Ve ilinslleding medical and occupational exposures.
[eREMiniisAic@Mos«ypational workers are 20 mSv per year,
alVEielceeiovegdeiined, periods of five years, with the further
provision {hat the dose AglelvileMisle] M-V et=Y-Yo MEY0]sa N AR NN¢]s)Y
single year.

All the mecsures cdopled in WUSEEVgeIel=Ie[slRelsleMslelileYsle]
directives are concerned not only WiugkelZelelisls Wil sl l-Yot-X{ e ]aY;
or excessive exposure o radiciion buNelSeRMiisKisglsle)lileRisl=
qualiy ened effeciiveness of medical useXejligelellejilelsh

Al exposures fo X-rays cre considerec NSNS ERIIE
prescripfiion of @ radioaciive medical invesiigcegiialsl eIy
Inmporant responsioiliiy o ensure cppropricie proicXe ek
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Radiation Doses Measurement Units

There are meany clifferent unis for racliciion, used on @ large scale:

Becquerel (Be) ane Curie (Cl) vsed lier radieaciiviiy relecsed
by a material soUieE:

Coulemlb/Kilogram [(E/Xe)) clhcl Rocnicien (R) Uscel e
monftoring the ftoltal amoujiXeifieleliehiteakiteN= e Ke[SalEielll
through the air.

The Gray (Gy) as the most impokielgikelaleRist-Nele N ({ele) NI Ye
with quaniiiies of absorbed dose.

Roentgen equivalent man (Rem) and STQZSEREVIR=Ie RieIaR{ol=

biological effects of the absorbed radiaiichig

The Sievert (Sv) as derived unit of radiation doSTRilE
International System of Uniis (SI), was chosen as Mgk e=talige]RVIali
in the project.
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Redieti®n, is a natural phenomenon in the human
enviienmenh, but it remains invisible for us. Natural
jediceEiviEeRstostances in the air, water, earth, food are
called backgroumncNielel{elilels}

Radiation dose

(mSV)

Source of radiation

10 hours airplane flight

Chest X-ray

CT scan

Annual natural background
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Exposure
cancer, but g¢

not worldwide acke
Induced cancer ca
probability of occurren
is independent of dose.

High Doses
Cellular Death

Deterministics

Somatic

Low Doses
Cellular Changings

Stochastics

Somatic and hereditary

Epidemiological proven in
population groups

Clinical assigned
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Indicative dose range (mS Effects on human bod

Un to 10 No direct evidence on
P human health effects

No early effects; increased
10-1000 11.101dence of certain cancers
in exposed populations at
higher doses

1000-10,000 Radiation sickness (risk of
death); increased incidence of
certain cancers in exposed
populations

Above 10,000 Always fatal
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cIhElmost popular linear no-threshold LNT model assumes
pigeEiionality between dose and cancer risk with a linear
cdepeEifdenedefrom 1 mGy to 100 Gy . This model can be suitable
iogsincliBcdesEme xposures and it is still divisive. The threshold
medERessiipEsinet very small exposures are harmless.

Niejinciceiciecnmmedel, Hormesis explains that very small
deseEgefliiediciionkschRloeab e neficial. The adaptive responses of
fhe human cells were observels gellle) e s}1=3e[sTe Ne ol Yo T=Ye [Mil iy
higher doses .

A profeciive mechanism ai he cell el ISMIEAZ=TIN sTe [l 1=1=1¢
described n many experiments. [ ol RRelelelltF M fe[slt=1]
developing mechanisms. A cdose of 10 MGy I Rial=ReI{=Xe]]
sponianeovs iransformeiion (M culivre CERENI=Io)ANE /1
background level. Epicdemiologic siudies suggesi Wlelmalelingl=Ni
alse exists in human cells.
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lifetime risk
for males and

Age Group (years) Multiplication
actor for risk

<10 X 3

10-20 X 2

20-30 x 1.5

30-50 x 0.5
50-80 x 0.3
80+ Negligible risk
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Human Cells Sensitivity to Radiation

Radio sensitive Radio resistant

Breast tissue Heart tissue

Bone marrow cells Large arteries

Mucosa lining of small

. . Large veins
Intestines g

Sebaceous (fat) glands of skin  Mature blood cells

Immune response cells Neurons
All stem cell populations Muscle cells

Lymphocytes
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hERmEesurement and the calculation of radiation dose uses Dose
cliicelei@ellct (DAP) and tissue factors.

Tissue weighting

Gonads 0.20

Colon, Bone marrow (red), Lung, Stomach 0.12
Bladder. Chest, Liver, Thyroid gland.
Oesophagus

Skin, Bone surface 0.01

Adrenals, brain, small intestine, kidney, 0.05
muscle, pancreas, spleen, thymus, uterus

0.05
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ERedi@tion dose is expressed in DAP: dose area product is used
icImEesuiiclihe radiation risk from diagnostic x-ray examinations.

D2 RERUSClASPiEssed in MGY - cm? can be measured with DAP
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Measured DAP=197 mGycm2

Film Area=1.225 cm”’

Skin dose=0.16 mGy

197 :1.225=0.16 * 0.12 = 0.0192

X

Effective dose
0.0192mSv
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lineEdrediiction dose provided by modern electronic
ecUiomEnts, is expressed in two related
measuiemeEnisystems: CTDI (CT dose index) and in
DLP (Fese lenen [cTlele ()R
DIEPMNmECSsUECNin®MmMGYy*cm, was chosen as the
mejefinplidateric@tiheksy stem.
ED/IDIRRcoElficicntisihaViEeRdeen used for converting
DLP velues in eicciive closes in a2

Ihey cre cumenily provicee [0y fnegelalll{e I« V(=1 de];
e ClI SCEnNRER
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@©nhmiine, CT scanner console CTDIvol is mandatory
displayees

lheERiclc®ampount of radiation delivered to the patient
cifcNivEnEex@mination, however, is dependent on the
@Escanlieneihmiine, product of CTDIvol and scan length
form he DLP, wihich SelgilelsIVEI=e M (eXe[MelsliliA (s [MR (o) (]
cipeUnifeliicdiciicifdestthat patients receive during a
given Scamn.

Ihe DLP is measured h mEy*chl

A celevlus example is:

Fer an clcomen CI nvesiigeiion Wil INe I
seclion s clbove 21.56 cm, ihe CIDivel SJillelMelle
[he DLP 26468 m&y*en,
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Conversion factor from DLP to Effective Dose in [mSv/(mGy-cm)]

Region of the Body
Head and neck

Head

0-year-old
0.013
0.011

1-year-old
0.0085
0.0067

5-year-old
0.0057
0.0040

10-year-old
0.0042 ‘

0.0032

Neck
Chest
Abdomen and pelvis

Trunk

IEEE/ICAIT 2014

0.017
0.039
0.049
0.044
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0.012
0.026
0.030
0.028

0.011
0.018
0.020
0.019

0.0079
0.013

0.015
0.014




Bleiseldion the assumption of an average "effective dose" from chest
xdicysihelneormal effective doses from CT investigation are shown in

e fcoles

Head
Neck

Calcium scoring

Pulmonary angiography

Spine
Chest

Coronary angiography

Abdomen

Pelvis

Virtual colonoscopy

Chest(pulmonary embolism)
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lifes but 1

and more p¥

these kind of
increases the cum

The pilot study from BU®
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Minim 2,04
Maxim 73,50
Valoare medie 23,346

40 45 50 55 &0

Efectul biologic al radiatiilor CT [m5wv)




legrated System Requirements

am provides the replication of the information stored in
as, local databases and patient cards to cover all the
ifuations:
e doctor without the patient card.
a doctor with no card and the hospital unit’s
not have access to the central database

the doctor but the doctor does not
or central).
ations for:

grding the indication of
d cumulative doses
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Imte grated System Solution
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Integrated System Implementation

woplication ensures a secured authentication of doctors and

sing digital certificates and cryptographic hardware. The

gpplication is stored in the central server. The clients use
gctional software.

users have access through a web browser.

ryptographic libraries FIPS 140-2 sau CC

inimum length.
qust support PKCS#11, PKCS#15 and

ansure the recovery of the
ensures roll —-over

oring all the emitted

gic cards flow
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delayed, s¢

» Exposure to
cancer.

oractice uses paper forms for recording the
the radiation absorbed dose.

ogical investigations is continuously
adiation due to improved
mber of investigations has

vlative radiation
that can be
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technologC

need of the h¥

> The pilot stud
cases of over passing
only during one single h®

atral unit of radiation dose

ohy, CT is a high-
s {otal effective
accurate
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