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Cumulative radiation exposure

Cumulative exposure in multiple scenarios through the life course   

Today we will focus on cumulative doses in medicine 

(taking the case of paediatric imaging)



Cumulative exposure from recurrent

imaging procedures 

– A balanced approached is required to inform policies

and actions, considering benefits and harms of 

performing vs. not performing the exams.

– High cumulative doses from recurrent imaging are 

not necessarily the result of lack of compliance with 

the fundamental principles of justification and 

optimization.

 Recurrent imaging procedures in children may result in 

significant cumulative doses and associated radiation risks. 



UNSCEAR 2013 Report:

Effects of radiation exposure of children

https://www.unscear.org/docs/publications/2013/UNSCEAR_2013_Annex-B.p

df

https://www.unscear.org/docs/publications/2013/UNSCEAR_2013_Annex-B.p


Cumulative medical exposure should not 

be confounded with overuse of radiation

 The generic term “overuse” refers to any services that are 

unnecessary in any way and for any reason.

 Recurrent imaging procedures may be indicated for particular 

clinical conditions: the process of justification applies to each 

procedure, in the context of the entire health care pathway, to 

ensure that they will cause more good than harm.

 In addition of assessing the incremental dose and associated 

risk for  each individual procedure, an integrated approach may 

be warranted to consider cumulative dose and lifetime 

attributable risk (LAR) taking into account gender, age at 

exposure and attained age.



We may use typical radiation doses in paediatric

procedures for comparative purposes

However, when referring to radiation risks associated with medical exposures, the organ 

dose (rather than the effective dose) is the appropriate quantity to consider. 



https://www.who.int/ionizing_radiation/pub_meet/radiation-risks-paediatric-imaging/en/

 LAR for cancer incidence associated with head CT and abdominal CT 

performed at different ages, based on typical organ dose estimates for 16 

different organs. Assuming the LNT model, and keeping in mind the 

uncertainty on risk estimates from low-dose radiation exposure, the 

practical value of this figure would be for comparing risks from different 

examinations with regard to the age at exposure. 



Cumulative exposure

 The lifetime attributable risk (LAR) 

should be put in the context of the high 

lifetime baseline risk (LBR) for cancer 

incidence, and the benefits provided by 

a CT scan if it is medically necessary.

 Nevertheless, the public health issue at 

hand concerns the increasingly large 

paediatric population being exposed 

and the cumulative exposure / risks to 

individual patients.



Policy actions to enhance: 

 JUSTIFICATION:  Help counter overly optimistic expectations 

about recurrent imaging  and inform decision making and 

consent if recurrent imaging is indicated (evidence-based 

guidelines anticipating conditions where recurrent procedures 

are likely, evidence-informed + individually-tailored decision 

making, NIR modalities as alternative or first choice.

 OPTIMIZATION: ensure radiation dose management for every 

single exam when recurrent imaging is indicated for diagnosis, 

image-guided interventions and/or follow-up (technological 

solutions, customized protocols & working procedures, DRLs)

 SAFETY CULTURE instilled in  prospectively identified care 

pathways that may need recurrent imaging in children,  



Advocacy, education and training

 Medical profession’s general underlying beliefs may drive 

unnecessary recurrent imaging:

– Long embraced feelings that in medicine “more is better”; 

– Not easy to accept the inevitability of uncertainty.  

– Medical education focused on how to reach definite diagnoses and 

take actions to treat diseases;

– Not much discussion about when it may be better not to be active 

making the “watchful waiting” approach often uncomfortable for 

both doctors and patients/ parents (even if it may be appropriate);  

Need for repositioning advocacy, education and training 

for both professionals and the wider community 



Some research gaps and needs

 Continued research is needed to identify the full scope and 

expression of the differences in effects, mechanisms and risk from 

IR exposure for children and for adults (UNSCEAR, 2013): 

– Long-term epi studies for medical exposure in childhood (e.g. CT, 

interventional fluoroscopy, radiotherapy), organ dose data bases, dose 

distribution data, interaction with other exposures/ therapies, 

 Biological mechanisms relevant for assessing low-dose radiation  

risks of exposure during childhood such as:

– DNA damage & repair, epigenetic effects, genomic instability, 

individual radiosensitivity; persistence of change, clinical relevance 

and actual health effects across lifetime (e.g. carcinogenesis, immune 

system, others);influence of the age, sex, dose/dose rate, radiation 

quality, acute vs. fractionated/ protracted exposure.  


