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Example of justified use of CT in a pregnant 
female who was in a motor vehicle accident 



Free blood 

Kidney ripped 
off aorta (no contrast in it) Splenic laceration 

3 minute CT exam and taken to the operating 
room. She and the child survived 
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Pre-implant stage (up to 10 days) 

ê Only lethal effect, all or none 
ê Embryo contains only few cells which are 

not specialized 
ê If too many cell are damaged-embryo is 

resorbed 
ê If only few killed-remaining pluripotent 

cells replace the cells loss within few cell 
divisions 

ê Atomic Bomb survivors - high incidence of 
both  - normal birth and spontaneous 
abortion  





•  Till early 1980’s, early conceptus was 
considered to be very sensitive to radiation - 
although no one knew how sensitive? 

•  Realisation that 
•  organogenesis starts 3-5 weeks after 

conception 
•  In the period before organogenesis high 

radiation exposure may lead to failure to 
implant. Low dose may not have any 
observable effect. 



     

* J. Damilakis et al, Radiat Prot Dosim 1997,   

Conceptus  dose  from  abdominal   
X-ray  examinations 
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Abdominal  radiography 

IVU* 

Barium  Enema** 

CT  (Abdomen) 

Photo by  L. Nilsson 
 
 
Fetus  at  13  weeks: 
 
 
Arm  and  leg  bones 
 
 
begin  to  calcify. 

**J. Damilakis et al, Invest Radiol 1996  
 

CT Abdomen 

Ba enema 

IVU 





Early  Gestation 

Late  Gestation 

Radiology, 249: 220-227, 2008  

Voxelized  Phantoms 





                    

 
        
        

J. Damilakis et al.  Radiology  (in press)   
 

2010 Nov;257(2):483-9 
 



MC  simulations were based on 117  patient models created 
 
using image data of  young  female patients who underwent  
 
abdominal  CT  studies.  

Patient-based  modeling 



Fetal dose & implications 

•  Uterus dose from a diagnostic scan of pelvis typically ≈ 
30-40 mGy but can be higher 

•  CT without contrast followed by PET/CT ≈ 50 mGy 
•  At this level careful fetal dosimetry assessment is 

recommended 
•  At level >100 mGy, issue of termination comes up 
•  Radiation dose becomes important if pelvis is covered 

in CT 
•  For brain, chest, cardiac: mainly PET contributes  



Approximate fetal doses from conventional  x-ray 
examinations 

data from the UK 1998 
Mean (mGy) Maximum (mGy)

Abdomen 1.4 4.2

Chest <0.01 <0.01

Intravenous
urogram or
lumbar spine

1.7 10

Pelvis 1.1 4

Skull or
thoracic spine

<0.01 <0.01



Approximate fetal doses from fluoroscopic and computed 
tomography procedures 

data from the U.K. 1998 

Mean  (mGy) Maximum (mGy)

Barium meal
(UGI)

1.1 5.8

Barium enema 6.8 24

Head CT <0.005 <0.005

Chest CT 0.06 1.0

Abdomen CT 8.0 49

Pelvis CT 25 80



Dosimetry- PET 

•  Early stage of pregnancy: dose to embryo/fetus is 
considered same as dose to uterus 

•  After about 12 weeks, trophoblastic nutrition is 
replaced by placental nutition 

•  Dose will depend if compound’s transfer 
through placenta and accumulation in placenta & 
distribution in mother 

•  Earlier there was No documented evidence of 
placental transfer of FDG 



Dosimetry 

•  Now fetal accumulation of FDG has been shown 
in images in human 

•  FDG dose coefficients are now available for 
early pregnancy and 3, 6 and 9 months. 



"    Lethal effects - threshold 100 mGy to the fetus 

"    Malformations - threshold 100-200 mGy or higher 

"    Cancer (leukemia and others)  - Absolute risk ˜ 0.06%   
 for 10 mGy to fetus  

"    Mental retardation – more than 100 mGy 
             -3 IQ units/100 mGy 

˜ 1000 mGy: severe mental retardation 
  8-15 weeks (40% per Gy) 
 16-25 weeks: (10% per Gy) 

Less Least Most risk  

FETAL  
RADIATION RISK 



Keep the perspective…! 

Pelvis CT:               mean: 25 mGy   max: 80 mGy 
Abdomen CT:         mean:   8 mGy   max: 49 mGy 
Fluoroscopy:          mean: ˜ 10 mGy   max: ˜ 50 mGy or more 

Pregnant patients 

Lung scintigraphy  (240 MBq)         0,9 mGy (early pregnancy) 
Kidney scintigraphy (300 MBq)       9,0 mGy (early pregnancy) 

Dose to fetus of a patient 

Radiotherapy: Tangential breast irradiation. Tumour dose 50 Gy 
4.5x11 cm2:    22-168 mGy (late pregnancy) 
11.5x18.0 cm2:    65-586 mGy (late pregnancy) 

Int J Rad Oncology,  
Biol Physics 55, 2003 





Early 3m 6m 9m 

18F-FDG  
2 hr void 

0.018 0.018 0.016 0.015 

18F-FDG  
4 hr void 

0.022 0.022 0.017 0.017 

Embryo/fetal dose from 18F-FDG   

Absorbed dose per unit activity administered 
to mother mGy/MBq 

Typical value= 20 microGy/MBq 
For whole body with 350 MBq= 350x 20=7 mGy 
For brain= 250 MBqx 20= 5 mGy 



24 

There is general agreement in the radiation protection 
community that the embryo/fetus should be afforded the same 
level of protection as members of the general public and 
protected at approximately a 1 mSv dose restriction.  
 
Women should be encouraged to declare their pregnancies as 
early as possible after discovery of pregnancy, to permit the 
employer to provide this level of protection to the embryo/fetus  
 

REVIEW OF STANDARDS Conclusions 







Comment………!!! 



Central Nervous System Effects 

•  During 8-25 weeks post-conception the 
CNS is particularly sensitive to radiation 

•  Fetal doses in excess of 100 mGy can result 
in some reduction of IQ (intelligence 
quotient) 

•  Fetal doses in the range of 1000 mGy can 
result in severe mental retardation 
particularly during 8-15 weeks and to a 
lesser extent at 16-25 weeks 



Pre-conception Irradiation 

•  Pre-conception irradiation of either parent’s 
gonads has NOT been shown to result in 
increased risk of cancer or malformations in 
children 

•  This statement is from comprehensive 
studies of atomic bomb survivors as well as 
studies of patients who had been treated 
with radiotherapy when they were children  



Radiation Exposure of Pregnant Workers 

•  Pregnant medical radiation workers may work in 
a radiation environment as long as there is 
reasonable assurance that the fetal dose can be 
kept below 1 mGy during the pregnancy. 

•  1 mGy is approximately the dose that all persons 
receive annually from penetrating natural 
background radiation. 



Dose to PET technologist in different tasks 



Termination of pregnancy 

•  Termination of pregnancy at fetal doses of 
less than 100 mGy is NOT justified based 
upon radiation risk 

•  At fetal doses in excess of 100 mGy, there 
can be fetal damage, the magnitude and 
type of which is a function of dose and 
stage of pregnancy 

•  In these cases decisions should be based 
upon individual circumstances 





http://rpop.iaea.org 









Working towards 
making medical 
exposure  a Safer 

practice 


