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Radiation Effect
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J Prev Med Public Health. 2010:185

Longevity of atomic-bomb survivors
Lancet. 2000:303
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Radiation Exposure and Cancer Mortality Among
Nuclear Power Plant Workers: a Meta-analysis
Eun Sook Park’, Kicun Moow', Han Na Kiny', Won Jin Lee?, Young-Woo Jin'
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Radiation Effect

100mSv

Linear No Threshold (LNT)
Linear Threshold

Hormesis
| DOSE
T
Low Dose
Excess risk of cancer induction d/t Radiation 10 mGy: .
- 1000 mSv — 1000 persons Spontaneous transformation |
- 100 mSv — 100,000 persons In culture cells
* 10 mSv — 10,000,000 persons Science. 2003.378

Radiographics. 2008,1807
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Radiation Effect
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Radiation Dose from single CT scan
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Pregnancy
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Prenatal Death

IUGR 200 mGy

Small head size

Severe MR 100 mGy
Reduced IQ 100 mGy

Organ Malformation 250 mGy
Childhood cancer

Gestation Age
Repair Mechanism
Absorbed Radiation Dose
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Pregnancy
Chest CT for
Parameter Pulmonary Embolus Appendix CT Renal Stone CT
Peak kilovoltage (kVp) 140 140 140 0.080 -
Tube current (mA) 380 340 160 0.070 4
Collimation (mm) 125 0.625 0.625 = 0.060 -
Number of slices 158 n 66 (g 0.050 1
Tube rotation (sec) 08 05 05 == 100404
Total time (sec) 53 s 93 g g:g:
Pitch 1.375:1 1.75:1 1751 0,010
CTDl, (mGy) 28.39 1547 6.63 0.000 ._,
DLP (mBy x cm) 507.3 670.82 22975 Uterus A 3 (mo) Utems B (3 mo) Ulerus (o} (0 mo) U\erus D (0 mo) Utetus E (0 mo)
140 kVp 140 kVp 140 kVp
211 e-mAs 97 e-mAs 45 e-mAs Em:r‘;{lrggi% 2;7'\“ Gy
8.6 mSv 11.4 mSv 3.9 mSv Fetus 0.61-0.66 mGy

117 3.50 -

322
120 085 19 1.68
1.00 A 0.72 0.57 g 161 1.52
0.80 : :
0.60 4 0.40 1.50 1
3 1.00
0.40 A K
B 0.20 gﬁ'

Uterus A 3 (mo) Uterus B (3 mo) Uterus C (0 mo) Uterus D (0 mo) Uterus E (0 mo) Uterus A3 (mo) Uterus B(3mo) Uterus C (0 mo) Uterus D (0 mo)  Uterus E (0 mo)

Dose (cGy)
)
8

Renal Stone CT
Embryo 4.0-7.2 mGy
Fetus 8.5-11.7 mGy

Appendix CT
Embryo 15.2-16.8 mGy
Fetus 19.9-32.2 mGy
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Pregnancy
Typical Conceptus Typical Conceptus
Examination Dose (mGy) Examination Dose Level Dose (mGy)
Cervical spine (AP, lat) <0.001 Extra-abdominal
Extremities <0.001 Head CT Standard 0
Chest (PA, lar) 0.002 Chest CT
Thoracic spine (AP, lar) 0.003 Routine Standard 0.2
Abdomen (AP) Pulmonary embolus Standard 0.2
21-cm patient thickness 1 CT angiography of coronary arteries Standard 0.1
33-cm patient thickness 3 Abdominal
Lumbear spine (AP, lar) 1 Abdomen, routine Standard 4
Limited IVP* 6 Abdomen/pelvis, routine Standard 25
Small-bowel study® 7 CT angiography of aorta (chest
Double-contrast barium through pelvis) Standard
enema study* 7 Abdomen/pelvis, stone protocol* Reduced 10
Typical Conceptus Dose
(mGy)

Early First End of First

Examination Trimester Trimester M ax 3 4 m Gy o An om a Iy ? ?

B> Bone scan 5 -+
Whole-body PET
scan 15 10
Thyroid scan 0.2 0.1

A
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Pregnancy

Organogenesis CNS Development

Anomaly

O Metal Retardation

SHA (Deterministic)

Malformation (3—8 wks.): Threshold Dose 100—200 mGy
Brain Damage (8—25 wks.): Threshold Dose 200 mGy

IQ Reduction
* <100 mGy: No
+ 1000 mGy (815 wks.): IQ 30 |
: Mental retardation 40% (vs. natural 3%)
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Pregnancy

* National Council on Radiation Protection and Measurements (NCRP)
“The risk of abnormality is considered to be negligible at 50 mGy or less when compared
to other risks of pregnancy, and the risk of malformations is significantly increased above
control levels only at doses above 150 mGy. Therefore, exposure of the fetus to radiation
arising from diagnostic procedures would very rarely be cause, by itself, for terminating a
pregnancy.”

American College of Radiology (ACR)
“The interruption of pregnancy is rarely justified because of radiation risk to the embryo or
fetus from a radiologic examination.”

* International Commission on Radiological Protection (ICRP)
“Prenatal doses from most properly done diagnostic procedures present no measurably
increased risk of prenatal death, malformation, or impairment of mental development over
the background incidence of these entities.”

* American College of Obstetricians and Gynecologists (ACOG)
“Fetal doses below 100 mGy should not be considered a reason for terminating a

i
v

pregnancy.”Women should be counseled that x-ray exposure from a single diagnostic

procedure does not result in harmful fetal effects. Specifically, exposure to less than 50

mGy has not been associated with an increase in fetal anomalies or pregnancy loss. “
S— @ No termination
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The NEW ENGLAND JOURNAL of MEDICINE

I[ REVIEW ARTICLE "

CURRENT CONCEPTS

Computed Tomography — An Increasing
Source of Radiation Exposure

David ). Brenner, Ph.D., D.Sc., and Eric ). Hall, D.Phd, D.Sc

EADVENT OF COMPUTED TOMOGRAPHY (CT) HAS REVOLUTIONIZED DI+
| agnostic radiology. Since the inception of CT in the 19705, its use has increased
rapidy. It is estimated that more than 62 million CT scans per year are cur~
rently obtained in the United States, including at least 4 million for children.!
By its nature, CT imvalves larger radiation doses than the more comman, conven-
tional »ray imaging procedures (Table 1). We bricfly review the nature of CT
mﬂnmmm&-mmﬂn
2 more recent in the ng of ay patients. We focus
u&emxnmdﬂmbﬂxm&wm
doses, and the consequent cancer risks in adults and particularly in children. Al
though the risks for any one person are not large, the increasing exposure to ra-
diation in the population may be 2 public heakh issme in the fomre.

CT AND 175 USE

‘The basic principles of axia! and helical (also known as spiral) CT scanning are
fllustrated in Figure 1. CT has transformed much of medical imaging by providing
three-dimension al views of the organ or body region of interest.

The use of CT has increased rapidly, both in the United States and clsewhers,
notably in Japan: according to 2 mirvey conducted in 19962 the mumber of CT
scanners per | million population was 26 in the United States and 64 in Japm. It is
estimated that more than 62 million CT scans are currently obtained cach year in
the United States, 25 compared with sbout 3 million in 1980 (Fg. 2% This sharp
increase has been driven largely by advances in CT technology that make it ex
tremely userfriendly, for both the patient and the physician.

COMMON TYPES OF CT SCANS

pulati d’pnnuuh.tupdn-

CT use can by hﬁc
ric) and the purpose of imaging
mmmc‘rhddap_n&n-hehmdmuw
ries. (About ha!f of diagnostic CT examinations in adults are scans of the body and
about ene third are scans of the head, with sbout 7%% obtained in 3 hospital setting
and 25% in lnquhm«m;'lmlaqﬂnmm Cluse,
is*S and adul ing,**

The growth of CT use in children has boen driven primarily by the decrease in
the time needed to perform 3 scan — now less than 1 second — largely eliminas
ing the need for anesthesia to prevent the child from moving during image ac-

e hn--o.c.-huu.,
ol Reemrch, Cokamstia

Comter L3OW. 16mb 5S¢, MM L4
10012 er at dlel @rntomba rdu

N Engl) Med 20073572277 84
Copn € Y Mt Mkt sy

StXtof| A 2

NEJM. 2007,2277 Atomic Bomb
1.5-2.0% of Cancer Mortality: CT

Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:

a retrospective cohort study

Moy S ez jone A ST Mat PG DmanM Gugh, (hoonsl (e, eang Ao O, Nool Howe, CecfeM foncie s, Freste gpramen,

S AW Cra, ke ok, Army Baringicn de Gonvgler

CT scans are very useful cizacally, posestal cancer ridks axist from Jssoctaesd JOGISING {emce 003,190 435 5%

Baaground
radiation, in pardcular for chlidren who are mome radiosensitve than adulis. We atmed 10 assess te excess risk of

Prates weew
leulasmta and brain temours afier CT scams tn 2 cobort of chiidren and young aduls. o 02

-il‘-dlﬂﬂf
Methods In oar rerospectve cobon study. we Induded peients wikhout peoy Jous @RoeT o S

2@%

examined with CT tn Nagoml Health Service (NHS) cenmres in England, Wales, or Scodand (Greas firtatn) besoen
1985 and 2002, when they were younger tan 22 years of age. We obtatned daa for cancer tncidence, moruality, and
loss 10 follow -up from @e NHS Comeral Regisoy from Jas L 1985, 10 Dec 31, 2008 We esttmawnd absorbed bratn and
rod bone marrow doses per CT scan In mGy and assessod axcess incidence of keulaemia and bratn mmours cancer

wih Potsson relagive risk models. To avosd inchedon of CT-

o npectree pap 45,

follow -up foe

began 2 years afwer the firm CT and for beatn sumours 5 years after the first CT.

Fnaings Durtng follow-up, 74 of 173604 patents were dlagnosed with loulaomis and 135 of 176557 pastents were
dignosed

with bratn rumours. We nowd a

assoc agion beeween radlagon dose from CT sans and beckaomia

(excess retarwve risk [ERR] per mGy 0- mmaommﬂm-ﬂu—_pm 0.010-9.049;
prizioaso

p<0-0001). . the rekarh peens o
-b“damhdl_hlﬂrhﬂ umn—) 18 (957 C1 1-46-6-94) I0d (e sy, Seehend, 0, U8
relive risk of brain Gncer for padems 50-74 mCy (mean dose 6042 MCy) was M3 iem a0 (i
2.82(1-33-6-03). M e RO
2 laprurun 50,
Al o 20y
Interpeetation Use of CT scans in childron o deliver camubicve doses of about 50 mGy might almmoss ariple the risk of P—
_—ﬂ_dhu-ﬁ*#-tﬂdhml__m-mm FarOktree W85 Ty,
mthe unges San 10 years, one ucess L SRS R,
case of and of p-.ﬂ“ﬂn-b—ﬂnmm Pres—"—"
alzhough should elgh abscbme risks, radtaton doses from CT scans ought 10 bo Meptas  yavews Qeng s,
low P & should be appropruawe. il
Funcing US Nattonal Cancer Instteuse and UK Deparsmess of Heahh. -
ROCL LATIX, T sapm,
Introduction ﬁnnﬁudmm-mmhruxnn—n
CT tmaging ts 3vahuble &. and new = CT scams have been und:
cimical apphcatons comunue © be idemxthed Asavemzt. W did 3 suady w0 dwenly 2mess the QUESHON OF (o aerstivognn
the Tanes of CT use have increased raptdly tn the USA and Gmeer isks are ncreased after CT SGOS N Debmaetuiwniy St
tn e past 10 years.' Abhough the  cikdhood and young adulthood. Here we assess the risks mﬁ.

ratsed health concerns?* Powndal ncteases tn funre
cancer risk, azriuable © the rpid sxpansion  CT use
have been estmaied with risk projeciion models, which
are derwved matnly from stadles of Survivors of Se Jnmic
bombs m japan*’ These smdtes hove been crigcssed
becnuse of concerns abows how applicabie the fndings
from this group are © the relatvely bow doses of radtaren.

mmcrmnd
Some tovesagamons camm that there ar= oo risks, of cvens
beneficial effecs, assoctared with low-dose radtadon * No

www Putand o Vol 390 Asgunt 4 3002

wio were fire eamined with CT between 1985 and

Lancet. 2012,499

Cohort Study

* Leukemia ERR 0.036/mGy — 50 mGy x3
 Brain Tumor ERR 0.023/mGy — 60 mGy x3

sh= TIP
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Cancer Radiographics. 2008,1807
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What to Tell Your Patients concerning Additional Risk of Death from Cancer

Effective
Dose (mSv) Risk Quantification Examination
<0.1 <10®  Negligible Radiography of the chest (postero-
anterior), extremities, or teeth
0.1-1.0 105>  Minimal or extremely low Abdomen, lumbar spine
1.0-10 104 Very low CT of the brain, chest, or abdomen === 3200 km Driving
10-100 103  Low Multiphase CT
>100 >10-2  Moderate Interventional procedures,” repeat CT
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Child

Lifetime Cancer Risk—Incidence and Mortality from a Single CT Scan

4

——— Incicence
Moratality

FSi
P

\ Lifetime Risk of Developing Cancer

g 8
{8

Lifetime cancer risk per 1,000
persons exposure to 10mSv
< ; 2 o

0 T L\l T Ll T T T T 1 3
0 10 20 30 40 50 60 70 80 90 g
Age at exposure g
215
£
10 mSv CT scan g 10
BEIR 2005 05
0.0 M T p—p——
> Effective dose (mSv)
Abdominal or Combined chest, abdominal,
pelvic CT and pelvic CT
Picano 2004
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Table 2
Probability of Birth with No Malformation and No Childhood Cancer
No Malformation and
Dose to No Malformation No Childhood No Childhood
Conceptus (mGy) (%) Cancer (%) Cancer (%)
0 96.00 99.93 95.93
0.5 95.999 99.926 95.928
1.0 95.998 99.921 95.922
25 95.995 99.908 95.91
5.0 95.99 99.89 95.88
10.0 95.98 99.84 95.83
50.0 95.90 99.51 95.43
100.0 95.80 99.07 94.91

The absolute risks of fetal effects, including childhood cancer
induction, are small at conceptus doses of 100 mGy and negligible

at doses of less than 50 mGy.



Conclusions
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Effect of Low Dose Radiation & LNT
No termination
Probability t of Cancer Mortality, But very low--

The childhood cancer induction is negligible at doses
of less than 50 mGy.

3E 25 24 (2H)

Ongoing — jjondol@yuhs.ac
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Thanks to first—year resident doctors from Gangnam Severance Hospital




