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Protection from What?

nnecessary examination or treatment
ustification)

nnecessary exposure (optimization)

* [nadequate examinations, which can lead
to incorrect or incomplete diagnosis
(optimization)



To clarify the main goals of patient exposure
monitoring and its elements.

. To understand the patient radiation exposure
monitoring workflow and available standards
for data recording and collecting.

. To learn about analytical uses of exposure
data and their use for improving patient
radiation protection.

. To summarize the essential features and




10 pearls:

Radiation Protection of patient in

Radiology




1. Maximize distance between

the X ray tube and the patient
to the extent possible

X ray tube




the patient and the image

Image Image receptor
receptor receptor

mtenslty

H-F"f
f
“"-_,__HH

4 units of
mtenslty
_— Image
receptor
2. Minimize distance between
1 unit of




3. Minimize fluoroscopy time

Keep records of fluoroscopy
time and DAP/KAP (if available)
for every patient




Ii
Pulsed fluoroscopy reduces exposure

X ray pulses 4. Use pulsed fluoroscopy with the
N\N lowest frame rate possible to obtain

iImages of acceptable quality




_ _ Hot spot
9. Avoid exposing the same area

of the skin in different
projections

Vary the heam entrance port by

rotating the tube around the Non-optimized Optimized
patient technique technique

Figure adapted from L. K. Wagner



6. Larger patients or thicker
body parts trigger an increase in
entrance surface dose (ESD)

ESD: 1 unit 2-3 units 4-6 units 8-12 units



7. Oblique projections also
ﬁ increase ESD

Be aware that increased ESD
increases the probability of
skin injury




RELATIVE PATIENT
INTENSIFIER ENTRANCE DOSE RATE
Field-of-view (FOV) FOR SOME UNITS

12" (32.cm) 100 8. Avoid the use of magnification

Decreasing the field of view by a

factor of four

6" (16 cm) 400

. 9" (22 cm) 177 factor of two increases dose rate by a

4.5" (11 cm) 711




9. Minimize number of frames and
cine runs to clinically
acceptable level

Avoid using the acquisition mode
for fluoroscopy

Cine dose rate = (10-60) x normal fluoroscopy
dose rate

Documentation should

be performed with last

image hold whenever

possible and not with
cine images




10. Use collimation

Collimate the X ray beam to the area

of interest

Using radiation protection shield




Using radiation protection shield

 Lead shields
e Bismuth shields

Composite
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Patient Radiation
Exposure Monitoring
in Medical Imaging
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Chest C-A-P A-P Brain Chest A-P C-spine Renal
WO W w WO PE WO O  stone

FIG. 18. Frequency of the most common CT examinations performed at one institution (chest
WQO: chest examination without contrast; C-A-P W: chest—abdomen—pelvis examination with
contrast; A-P W: abdomen—pelvis examination with contrast; brain WQO: brain examination
without contrast; chest PE: chest pulmonary embolism examination; A-P WO: abdomen—pelvis
examination without contrast; C-spine WO: cervical spine examination without contrast, renal
stone: renal stone examination) (courtesy of E. Samei, Duke Medical Center, USA).




# Computed tomography

# Conventional diagnostic radiology
(excluding dental)

® Dental radiology

* Interventional radiology

» Diagnostic nuclear medicine

FIG. 22. Relative contributions of the five main groups of medical radiological examinations
to the overall collective effective dose (based on data from Ref. [2]).




10 pearls: Radiation Protection of staff

in Radiology

Reduction patient dose always results 1n staff dose reduction




1. Use protective devices!

Advisable
skirt type
lead apron to
distribute
weight

Lead glass eyewear
with side protection

0.25 mm lead
equivalence
but with
overlap on
front to make it 0.5 mm on the

front and 0.25 mm on the back | Thyroid protection
(Provides >90% protection) '

——————————1---..-.-.-"""""'l'__———————




3. Use ceiling suspended screens, lateral
shields and table curtains

They provide more than 90%
protection from scattered
radiation in fluoroscopy

Mobile floor shielding is advisable M~
when using cine acquisition




4. Keep hands outside the
primary beam unless totally
unavoidable

Hands inside the central area of
the primary beam will increase
exposure factors (kV, mA) and
doses to patient and staff




e 0% 1

B 3. Only 1-5% of radiation falling on
Y the patient’s body exits the other
side

~ Stand on the side of the transmitted
beam (i.e. by the detector), which
contains only 1-5% of the incident
radiation and its respective scatter




6. Keep X ray tube under the
patient table and not over it

Undercouch systems
provide better protection from
scattered dose




Ceiling suspended screen

_ 7. Use personal dosimetry
Second dosimeter
L~ outside and above the apron Use at least two dosimeters

at neck OR eye level
, * Oneinside the apron at chest level
| Personal dosimeter

behind the lead apron at chestlevel  «  One outside the apron at neck or eye level

+ Additional finger ring dosimeter for
procedures requiring hands close to
Lead apron primary beam

Real time dosimetry systems are useful

Table curtains

‘image adapted from ICRP Publication 85



9. Address your concerns about
8. Update your knowledge radiation protection to radiation

about radiation protection protection specialists (medical
physicists)




10, REMEMBER!
» Quality control testing of fluoroscopy equipment enables safe and stable performance

 Know your equipment! Using the equipment's features appropriately will help reduce doses to patients and staff
o Use injector devices




Be aware of the indications - use procedure
that employs ionizing radiation only when
risk-benefit considerations are clearly in
favour of benefit;

Keep X-ray tube at practical away from the




Use personal protective devices: lead apron,
lead glass eye wear, thyroid shield and other
shielding in particular for eye, legs.

Ensure that they are well maintained and of
proper lead equivalence. Know which side to




Use inverse square law: step behind wherever
possible;
Use patient dose management techniques:

collimation, filter, lesser magnification, pulsed
fluoroscopy, lesser number of pulses, avoid or




Pregnancy and otherwise: Cut down irradiation of
fetal/abdomen (non-target area) by collimation and
shielding of primary beam;

Dosimetry: Use dosimeter for yourself and staff;

Patient dosimetry: record dose area product meter
(DAP) values or other dose indicator. If DAP is not
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GOAL OF RADIATION
PROTECTION




Avoid deterministic effects
rhad @ ) ) s 8 el v
Reduction of stochastic effects
Ada) @ &) hals v



Principles of Radiation Protection

(Justification) culad 5 nd 4 i -

(Optimization) wblia ¢ jlw ddags -
ALARA= As Low As Reasonably Achievable

(Dose Limits) 28 33 agaa



v Medical Radiation
v Occupational Radiation
v Public Radiation

Radiation Safety Officer (RSO)
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Inspiring the next generation of Medical Physicists
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Why pediatrics are sensitive to

radiation?
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eDedicated pediatric CT rooms do not exist in the
country
*The average frequency of pediatric

CT examinations (0-18y) is 4.9% of

e all X-ray examinations In 17% of the C@es
dedicated protocols for children do not eX|.$t

 Previous images are required when refereelng to
CT In 86% of cases but 100% of radiologists do not
require patient dose records
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scout image is performed in AP instead in PA
projection

for children older than 10 ys adult protocols are
used

e N0 agreement on the first choice of exq’mnatlon

between radiologist and refereeing clinician o Y

-t is necessary to implement development of
dedicated protocols and guidelines

-Try to encourage improvement of!bC of
equipments
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CT dose study within IAEA RER9093
Main problems found - children protocols available but not used in
some hospitals, protocols not optimized, no eye shielding used
Actions to do
+Requirements on CT units regarding children
+AEC & children protocols available
+Requirements on general radiology units regarding children
+Short exposure times available < 10 ms, kerma-’ .
reproducibility of the setting better than 5 % B -
Requirements on dental units/practice regarding children
+Child size of protection tools
+Reproducibility of children exposure seting betigcthan 5 %
+Kerma for children exposure seting 4 times lower than for
adult

= —




ICRP-ISR “smart” message for
pediatrics

smefdfng appropriate?
Marking of films, ID etc. appropriate?
A rea collimation appropriate? Field size and location.
Restriction of child motion appropriate?

T echnical settings appropriate? Shortest exposure time, kV up.



Conceptus dose from abdominal
X-ray examinations

yAbdominal radiography

5} Barium Enema** |

S PHOCM L. Nilsson
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8 “&CT (Abdomen)
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* J. Damilakis et al, Radiat Prot Dosim 1997, **J. Damilakis et al, Invest Radiol 1996
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Why women are sensitive to

radiation?



Radiation exposure

As fears of a meltdown in Japan rise, s0 do the fears of radiation exposure.
What does radiation do to the human body?

BACKGROUND RADIATION .......

Everybody is exposed to both naturally- BRSNS |5

SYMPTOMS OF RADIATION EXPOSURE

Generally speaking. radiation sickness is brought on by a large dosage

occaring and artificial background radiatien; '”“'“‘I'-:':d"“dl in units of radiation in a short period of time, but it has also occurred
l;vﬁrlﬁ typically range from L0015 — 00035 L f;ﬂﬂuh with lang term exposure.
WY =

Early sympioms, exposure levels
and time to symptom onset
125w | Z-65wi- 0 TR U
Mausea, & hr=s. 2 hr=s. : 10 min.
. womiting |
Thyroid gland: =

Highﬂa‘ll}'-_-r rick as the nlarﬂ‘bﬂﬂ — E Frs. i 1 hr.
they roid abeorbs Headache 24 hrs. 2 hrs.

. B R [ e Later symptoms
| . : Lungs: inflanmation [T aerey
cﬂupﬂﬂlﬂﬁ E!P“S““Es i and scarring dizorientation 1wk | Immediabe
Weakness, 1wk,  Immediata
10 Sy Fatal within weeks Red blood cells: fatigue
. Low platelet count, Hair loss, 1wk, Immediate
6 Typical levels in Chernobyl waorkers spontansous beeding bloody vomit
who died within a month and stools,
o [ infections.
5 A single dose would kil half of those Stomach: Nausea, Seaind
exposed within a month Ve HL . TSI mn;-iﬂw
Pl ; = e Gkl blood pressure
1 s-':lmﬁs and :::m{u““' i

: Small /|
Detected level at Fukushima Ll CHANCES OF DEATH
u-d' {as of Tuesday morning in Japan) bleeding, destrisction mm uﬂ EIWSI.IHE I.E"EL

5.35 Exposure of relocated Chermobyl

pEr year 30 km radius of

Fukushima, and so far
there is no threat to the

0.0004 Mammogram x-ray .FI.*:'.J = . -
0.0001 E= TS
'D'.ﬂﬂﬂﬂ'l Dermtal x-ray

rasidents 5-104% DM S0-100r lﬂ.ﬂ
Be S Rrwh A phe | Dapletion of white A ]
ERERRRN Yvoridng with radiation s bicod cells (up to 509% =l b
o The Japanese = within 28 hours). = 3
recommended \ = i
Typical natwural radiation evacuation within the e =

Radiation
EXpOSUre Camn also
increase the chances
of developmg cancer,
tumours, and genetic
darmage.

1-2 Sw 2—6 Sv 6—8B Sv 8-30 Sv
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CAUTION

IF YOU ARE
.- PREGNANT, OR

THINK YOU MAY BE

‘ PREGNANT. NOTIFY
YOUR SUPERVISOR




IF YOU ARE pregnant PLEASE

NOTIFY THE STAFF

Part 6. Medical Exposure
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sction of the Patient in Radiation Therap}r 143

Table 2.19 Duoses (miy) to ovaries/uterus from various diagnostic procedures.

Diose
Procedure (mGy)
Diagnostic x rays
Lumbar spine 7.2
Abdomen 2.2
Upper G.I. tract 1.7
Barium enema 9.0
Intravenous pyelogram 5.9
Nuclear medicine
Brain scan, "~ Tc DTPA, 740 MBq 5.8
Bone scan, ¥Tc phospharte, 740 MEBq 4.5
Thyroid scan, *=TcOy, 185 MBq 1.1
Renal scan, ®~T'c DTPA, 740 MBq 5.8
Abscess/tumor scan, "Ga cirrate, 111 MBqg 8.8

Sowrce: WCRDE 1994, ':n:ummcnm.ry 9. When dosss to ovarles and uterus differ, the hj.ghtr

value is given.

Radiography of areas remote from the fetus, such as the chest, skull, or
extremities, is safe at any time during pregnancy, provided that the x-ray
equipment is properly shielded and the x-ray beam is collimated to the area
under study.

The administration of "'l to a preenant mother will cause a hizh dose



OVERVIEW OF RADIATION EFFECTS

!

ONTHE EMBRYO AND FETUS

Fethal effecrs, induced by radiation be-
fore or immediately after implantation of
the embrvo into the uterine wall or 1n-
duced after increasingly higher doses
during all stages of intrauterine develop-
ment, to be expressed either before birth
(prenatal death) or at about the time of
birth {(neonatal death)

Malformarions, charactenstic of the pe-
riod of major organogenesis, in which the
main body structures are formed, and es-
pecially of the most active phase of cell
multiphcation in the relevant structures
Crrowverh disrurbances withou! malformea-
tions, induced at all stages of develop-
ment but particularly in the latter part of
pregnancy
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Larce doses of radiation (2.5 Gy [Z250
rad])y delivered to the human embryo lbe-—
fore 2 to 3 weocks of gestation are ot
likely to produce severe abnormalities in
rmost children born, althowugzh a consider-
able nmnumber of the embryos may be re-
sorbed or aborted.

Irradiation betvweesn <+ and 11 weeks of
gcoestation would lead 1o severe abnormal-
ities of many organs 1n maost children.
Irradiation betwweaeen 11 and 16 weecks of
estation rmay produce a few eyxe, skelo-
tal. =R a bl wmerital O ELrs ab rormalities:
stunted orowth, maicrocephaly, and mental
retardation are freguently present.
Irradiation of the fetus between 16 and 20
wiccks of gestation rmmay lead to a mald de-
reae of microcephaly, rmental retardation,
anrnd stunting of growth.

Irraadiation after 30 weeks of cestation i1s
not lhikely o produce gross structural albh-
norimalities leading to a serious handicap
i early 1ife but could cause functional
disabilities.
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Figure 12.4. Litter from a female mouse irradiated with x-rays and sacrificed at 19 days. At least four
different anomalies are demonstrated in this litter. There are four resorbed fetuses (below) and five
fetuses alive. From left to right, the first shows exencephaly; the second, exencephaly and eviscera-
tion: the third is apparently normal; and the remaining two are anencephalics with stunting. (Photo-

graph by Dr. Roberts Rugh.)
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TABLE 12.3. Childhood Cancer
arcd f.r'ra-:::l'.r'ar.-‘e:m In Utero

Hurnl:uer af childran with leukemia

or cancer before age 10 vy 7,549
Number x-rayed in utaro 1,141
Mumber of matched controls 7,549
Mumber of controls irradiated in utero 774
MNumber of films 1105
Fetal dose per film 0.45-0.2 rad

(4.6—2 mGy)
Relative cancer risk estimate assuming
radiation 1o be the causative agent 1.52

Ease-t::l an Stewart A, Kneale GW: Radiation dose ef-
fects in relation to -".:lhﬁte'[l’lﬂ x-rays and childhood can-
cers. Lancel 1185—-1188, 1970




Conceptus dose from abdominal
X-ray examinations

yAbdominal radiography

5} Barium Enema** |

S PHOCM L. Nilsson
b}

8 “&CT (Abdomen)

A . FELUSEt 13 weeks:
" v
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a% d leg bones
c

o

O

DECIAE calcify.
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* J. Damilakis et al, Radiat Prot Dosim 1997, **J. Damilakis et al, Invest Radiol 1996



IAEA SURVEY IN PEDIATRIC CT

e PHASEA and B (partly) - 115 CT rooms |n 27 countries -
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RESULTS

* Pediatric CT
(0 — 100) % of total number of CT in the department

* Number of examinations in one year
0 — 23 000 (adults)
0 —4 800 (children)

* Highest number of pediatric CT:

Pakistan (4800/y); Syria (2005/y); Slovakia (1900/y);
Kuwait (1176/y); Croatia (1180/y); Moldova (936/y);
others (<600/y).




Summary

Moderate doses of radiation can produce catastrophic effects on the developing embryo
and fetus.

The effects depend on the stage of gestation, the dose, and also the dose rate.

Gestation is divided into preimplantation, organogenesis, and the fetal period. In humans,
these periods correspond to about 0 through 9 days, 10 days through 6 weeks, and 6
weeks through term, respectively.

The principal effects of radiation on the developing embryo and fetus are growth retar-
dation; embryonic, neonatal, or fetal death; congenital malformations; and functional im- |
pairment such as mental retardation.

Irradiation during prelmplantatmn leads to death of the embryo. Growth retardation or
malformations are not seen in animals at this time. The human data are consistent with
this conclusion.

In animals, embryos exposed to radiation in early organogenesis exhibit the most severe
intrauterine growth retardation, from which they can recover later (i.e., temporary growth
retardation). Irradiation in the fetal period leads to the greatest degree ol permanent
growth retardation.

[n animals, lethality from irradiation varies with stage of development. The embryonic |
50% lethal dose is lowest during early preimplantation; at this stage, embryos killed by
radiation suffer a prenatal death and are resorbed. In organogenesis, prenatal death is re-
placed by neonatal death-—death at or about the time of birth. During the fetal stage the
50% lethal dose approaches that of the adult.




Summary

+ [n animals, the peak incidence of teratogenesis, or gross malformations, occurs If the fe
tus is irradiated in organogenesis. |

+ Contrary to what s observed in experimental animals, radiation-Induced malformations
of body structures other than the central nervous system are uncommon in the Japanese
survivors irradiated in wtero, although they have been reported in patients exposed to

therapeutic doses of medica
o [ the Japanese survivors, it
and mental retardation.
+ Mental retardation occurred

radiation.

adiation in utero resulted in small head size (microcephaly)

orimarily at § to 15 weeks of gestational age, with a smaller

excess at 16to 25 weeks, It is thought to be caused by radiation effects on cell migration

within the brain.



Summary

v Cells killed before 8 weeks of gestational age cause small head size without mental re-
tardation,

+ Small head circumference was three times more common than mental retardation.

+ Data on atomic-bomb survivors indicate that microcephaly can result from an air dose
(kerma) of 0.1 to 0.19 Gy (10-19 rad)

+ The incidence of severe mental retardation as a function of dose is reported to be appar-
ently lincar without threshold at 8 to 15 weeks, with a risk coefficient of 0.4 per Gy
(0.4-100 rad). The incidence is about four times lower at 16 to 25 weeks. The data are
consistent with a dose threshold of 0.12 to 0.2 Gy (12-20 rad).

+ A variety of effects have been documented in experimental animals after irradiation dur-
ing fetal stages, includig effects on the hematopoietic system, liver, and kidney, all oc-
curring, however, after quite high radiation doses.

+ The effects on the developing gonads have been well documented both morphologically
and functionally. Doses close to T Gy (100 rad) are needed to produce fertility changes in
VATIOUS SPECIES,



Summary

There 1s an association between exposure to diagnostic x-rays in utero and the subsequent
development of childhood malignancies.

The original study of diagnostic x-ray exposure in utero and subsequent malignancies
was done by Stewart and Kneale at Oxford University, but the same association was ob-
served in the United States by MacMahon. If x-rays are the causative agent, these studies
imply that radiation at low doses in wfero increases the spontancous cancer incidence in
the first 10 to 15 vyears of life by a factor of 1.5 to 2.

[t has been argued for years whether radiation is the causative agent or whether there are
other factors involved.

Doll and Wakeford in 1997 summanzed all of the evidence for and against and concluded
that an obstetric x-ray examination, particularly in the third trimester, increased the risk
of childhood cancer by 40%. The risk is increased by a dose of only 10 mGy (1 rad). The
excess absolute risk 1s about 6% per gray, which is not very different from the risk esti-
mates from the atomic-bomb survivors for adult exposure,

Once a pregnancy 15 declared, the maximum permissible dose to the fetus is 0.5 mSv
(0.05 rem) per month. Until a pregnancy is declared, no special limits apply to the mother
other than those applicable to any radiation worker.

Once a pregnancy 15 declared, the duties of a radiation worker should be reviewed to en-
sure that this limit 1s not exceeded.

A dose of 0.1 Gy (10 rad) to the embryo during the sensitive period of gestation (10 days |
to 26 weeks) often s regarded as the cut-off point above which a therapeutic abortion should
be considered to avoid the possibility of an anomalous child. The decision to terminate a
pregnancy should be flexible and must depend on many factors in addition to dose.
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