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Epidemiology



Atomic bomb survivors BEIR 

Osaza et al.
Studies of the mortality

of atomic bomb 

survivors,

Report 14, 1950-2003:

an overview of cancer

and noncancer diseases.

Radiat. Res. 2012.



Nuclear Power plant workers

Leuraud et al 2015



Medical Exposure –Pediatric CT studies



Which statements can be done on radiation risks 
above a certain threshold and with which level of 

confidence???
(epidemiologic perspective)

 In the last ten years many publications focused on the cancer 

induction due to radiations doses accrued in a long period of 

time .

 The quality of these studies is different, as are the estimates 

of ERR or EAR

 Nonetheless, there is enough concordance among the well 

designed studies with an elevated statistical power to 

conclude that, notwithstanding experimental error and 

uncertainties :

 Radiation dose levels, in the interval 100-300 

mSv– are associated with a small increase in the 

risk of cancer



Data on high CED



M. Rehani Eur Radiol 2019 DOI: 10.1007/s00330-019-06523-y







Chronic or Recurrent 
Adult Patients

 End stage Kidney Disease (ESKD) including
– Hemodialysis patients
– Kidney transplant patients

 Inflammatory bowel disease (IBD) including
– Chron’s disease
– ulcerative colitis

 Cardiology Patients
– Cardiac disease
– Patients with Acute myocardial Infarction
– Patients with Congenital Heart Disease (adults and children)
– Heart Transplant patients

 Endovascular Aortic Repair Patients
 Others (hydrocephalus, Pulmonary Tromboembolic, Renal 

Colic)



End stage Kidney Disease 

(ESKD)

 Patients on ESKD require ongoing care and often 
result in repeated imaging and repeated exposure to 
ionizing radiation for both diagnostic and therapeutic 
purposes. 

 Hemodialysis patients are exposed to a considerable 
amount of imaging procedures because of their 
multiple comorbid conditions and for dialysis access-
related procedures. 

 Radiologic procedures are necessary in kidney 
transplant patients to allow specific treatment of the 
early and late graft complications, that were often 
present with non-specific signs and symptoms. 



The 106 study patients (63 men) were followed for a median of 3.0 years.

During the study period, 23 patients (21.6%) died, whereas 6 (5.6%) 

underwent kidney transplantation. In these cases, the data were 

censored at the date of death or of transplantation. Thus, a total of 281 

patient-years were available for follow-up. 

The mean SD age at study entry was 65.3 ± 14.6 years.

Among the subjects, 14 were in the 18- to 50-year age group, 41 were in 

the 50- to 70-year age group, and 51 were 70 years.

In all, 77% of the subjects were prevalent, with a median (interquartile 

range [IQR]) dialysis period of 4.0 (1.6 to 8.3) years, and the remaining 

23% initiated dialysis during the study period.

Patient Population



The average radiation exposure was significantly associated to the younger-aged 

patients who were exposed to higher total CEDs (P < 0.0001) and annual CEDs (P 

<0.0002) than the older patients (Fig. 1)

Also the transplant waiting list status was associated with a significantly higher 

(P= 0.04) annual CED (Table 1) 

Results



Results

The median (IQR) total CED per subject over the study period was 27.3 mSv 

(9.8 to 60.0). The mean total CED was 55.7±73.6 mSv. 

The mean levels are much higher than the median annual and total CED, which 

reflects the dramatic right-skew in this distribution of patients with increasing 

CED.

CT examinations accounted for 76% of the total CED, while accounting for only 19% of 

the total number of radiological procedures.

Conventional diagnostic radiology, nuclear medicine, and interventional procedures 

accounted for 65, 8.2, and 7.6% of the frequency in procedures and for 8.3, 7.6, and 

8.1% of total CED, respectively.



Discussion

This study showed that within 3 years, a significant fraction of surviving 

hemodialysis patients received estimated radiation doses that may put them 

at an increased risk of cancer. 

The cumulative radiation exposure was significantly higher in relatively 

younger patients and in those who are transplant eligible. This is of particular 

concern given the anticipated life expectancy of these subjects and the 

ongoing use of immunosuppressive agents in the latter.

Although the retrospective nature of this study does not allow us to draw 

conclusive inferences about the percentage of CT studies that could have 

been avoided, the significant number of examinations that resulted in non 

notable findings or in negative results points toward the need of a more 

stringent process of justification of CT referral. 



The 92 study patients (62 males) were followed for a median of 4.1 years

(mean 3.6 years; range 0.8-4.1 years). During the study period 2 patients 

(2.1%) died, while 3 (3.2%) returned to dialysis. In these cases the data 

were censored at the date of death or of dialysis. Thus, a total of 335 

patient-years was available for follow-up. 

The mean ± SD age at study entry was 52.4 ± 14.0 years. Among the

subjects 39 were in the 18-50 years age group, 30 were in the 51-65

years age group and 23 were older than 65 years.

In all, 71 subjects were prevalent with a median (IQR) period elapsed

since transplant of 4.3 (1.7-9.9) years, and the remainder 21 underwent

transplant during the study period.

Patient Population

Nephrol Dial Transplant. 2012 Sep;27(9):3645-51.
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The distributions of total CED for all radiological procedures are shown in Figure 1



Results

The median (IQR) total CED per

subject over the study period was

17.3 mSv (7.8 - 57.7). The mean

total CED was 46.1 ± 80.6 mSv.

The mean levels are much higher

than the median annual and total

CED which reflects the right-skew

in this distribution of patients with

increasing CED.

Accounting for only 10.3% of the total number of radiological procedures, CT 

examinations accounted for 73% of the total CED. 

The proportion of total CED to 

different types of CT 

examinations is shown in Table 

5. Although comprising only 

44.7% of the CT procedures, 

abdominal/pelvic examinations 

resulted in 80.2% of the CT 

radiation exposure and 58.4% of 

the total CED. 



Results

The median total CED per

subject over the study period was

32 mSv. The mean total CED

was 72 mSv.

The median annual CED per

subject over the study period was

7 mSv. The mean annual CED

was 35 mSv.

Follow-up time: 1.9 ± 1.5 years



M Brambilla The American Journal of Medicine (2013) 126, 480-486



End stage Kidney Disease (ESKD)

 ESKD, besides being such a chronic condition, is associated with 
an increased incidence of cancer of unclear aetiology.

 ESKD patients have a 4 fold higher risk of cancer compared to the 
general population, but the cancer risk is different according to 
the renal replacement therapy: there is an increase of 1-1.5 times 
during dialysis and 2.5-5 times after kidney transplantation, for 
both uremia and drug-related immunosuppression. 

 The excess risk of cancer associated with radiation exposure adds 
in these patients to the increased incidence of cancer due to the 
inherent pathology and must be taken into careful consideration 
particularly in younger patients and in those eligible for kidney 
transplantation.

 Another concern is the potential synergistic effect of 
immunosuppressive drugs and radiation in kidney transplant 
patients but no data are available to make any conclusion about 
this risk.



Cardiology

The studies included in this disease category evaluated different 

populations with different methodologies: for instance one study evaluated 

radiation exposure from cardiac imaging in a large population of insured 

individuals, another evaluated radiation exposure from all imaging in 

individuals who underwent MPI, and another three assessed radiation 

exposure during hospitalization for AMI. 

The main reason for the variation in radiation dose is that the 

denominator populations were different, ranging from an outpatient 

population, patients only imaged with MPI, patients with AMI, congenital 

heart disease and heart transplant.  

Moreover, only two studies contained dose estimates based on patient-

specific data, whereas the others relied on typical effective radiation doses 

from the published literature. 



Cardiology

M Brambilla The American Journal of Medicine (2013) 126, 480-486





For MPI and nuclear medicine 

tests, the radiopharmaceuticals 

used and corresponding 

administered activities (mCi) 

were generally recorded; effective

dose was estimated by 

multiplying administered activity 

by a radiopharmaceutical-

specific conversion factor, as

specified in ICRP 80





Cardiology

Notwithstanding this heterogeneity, some useful and common aspects 

can be summarized: 

The cumulative exposure is moderate in cardiac patients, with a mean 

annual CED averaging two to three times that of annual background 

radiation. This also applies to heart-transplant patients and to patients 

admitted for AMI in the chronic phases, while the CED incurred in the 

first year after transplantation averaged 35 mSv and in the acute post-

AMI phase (< 1 month) averaged 12 mSv. 

Exposures exceeding 75-100 mSv of CED occur in about one-third of 

these patients but only after a long follow-up period (> 10 years).  

On the contrary, patients with congenital heart disease have only a low 

exposure to radiation (0.5 mSv per patient/year). 



Cardiology

These findings must also be interpreted in  light of the advanced age of 

patients at study entry (average age  62-68 years).  

Notwithstanding the advanced age of patients in the cohorts examined (> 60 

years), some studies showed that there are sizeable groups of patients aged 

35-54 years, many of whom will live long enough for such long-term 

complications to develop.

The largest contributor to the CED in cardiac patients is MPI, which is 

responsible for about 66-75% of the CED,  with the exception of patients with 

acute myocardial infarction, where the largest contribution to CED is due to 

invasive catheterization procedures. 

Although most cardiac patients received low or moderate radiation from 

medical procedures, there exist certain groups of patients who receive high 

CED in a short time period. Patients admitted to hospitalization for AMI and  

patients undergoing heart transplant are two such groups. 

Efforts to reduce cumulative radiation dose should be especially aimed at 

such groups. 



Inflammatory Bowel Disease (IBD)

 Chron’s disease and ulcerative colitis are chronic 
disease states with inflammation and ulceration of 
gastrointestinal tract. Diagnostic medical imaging are 
routinely used in the initial diagnosis and ongoing 
evaluation of patients with IBD and its complications.

 IBD patients have increased risk of gastrointestinal 
malignancies including colon cancer, adenocarcinoma 
and lymphoma of the small intestine because of 
chronic inflammation. The use of immunosuppressive 
agents also increases the risk of lymphoma.



Inflammatory Bowel Disease (IBD)

M Brambilla The American Journal of Medicine (2013) 126, 480-486



Inflammatory Bowel Disease (IBD)

Cumulative exposure is intermediate in patients with Crohn’s disease, with 

an annual CED more than twofold the background radiation. 

Exposures exceeding 50-100 mSv of total CED are not uncommon in this 

study cohort, occurring in almost 10% of subjects who underwent imaging. 

Patients with IBD are young (reported mean age 32-46 years) so that the 

risk of developing radiation-induced cancer may be of clinical relevance. 

The largest contributor to the CED in IBD patients is CT, which is 

responsible for about 50-75% of the CED.



Inflammatory Bowel Disease (IBD)

Children with Crohn’s disease demonstrate a moderate exposure to ionizing 

radiation due to medical imaging. The yearly rate of medical imaging radiation 

exposure stands at approximately 3-5 mSv/year, which is only slightly higher than 

typical background radiation. However, this extra yearly radiation exposure 

accrue over the entire lifetime and increases with increasing attained age.

It  is likely that the majority of subjects diagnosed with Crohn’s disease at age 

of 10 years will eventually accrue more than 100 mSv at the age of 30 years 

and more than 200 mSv at the age of 50 years,



Endovascular aortic repair (EVAR)

Endovascular aortic aneurysm repair (EVAR) has become an 
integral part of vascular surgery as an established less invasive 
treatment option for the repair of abdominal aortic aneurysms. 
The use of fluoroscopy is common in EVAR procedures. 
Moreover, the life-long follow-up often includes computed 
tomography imaging, a modality that requires a substantial 
radiologic burden. 

Available estimates of radiation exposure to the patients 
submitted to EVAR are based on the original protocols of the 
EVAR trials with a prevision of a CT preoperatively and then 
during postoperative follow-up at 4-6 weeks, 3-6 months and 12 
months and annually thereafter, assuming an average dose for 
each CT examination



Endovascular aortic repair (EVAR)

 Radiation exposure is a risk factor for developing cancer but it is associated 
with a latency period of between 10-20 years. The mean age of patients in 
these studies of 75 years represents most EVAR patients, and therefore, 
this risk may not be of significant clinical importance. 

 The other associated risk of radiation exposure is acute skin injury, which 
can be usually seen with skin dose > 2 Gy and is associated with the 
fluoroscopy guided interventional procedure. 

M Brambilla The American Journal of Medicine (2013) 126, 480-486



M Brambilla, et al Radiol Med 2015;

Cumulative radiation dose and radiation risk from 

medical imaging in patients subjected to endovascular 

aortic aneurysm repair

To quantify the cumulative effective dose (CED) of radiation and the dose to relevant 

organs in endovascular aortic repair (EVAR) patients, to assess radiation risks and to 

evaluate the clinical usefulness of multi-detector computed tomography (MDCT) follow-

up.

The radiation exposures were obtained from a retrospective study of 71 consecutive 

EVAR patients with a follow-up duration ≥1 year (mean 2.7 years). Effective dose and 

organ dose were estimated on an individual basis. Radiation risk was expressed as risk 

of exposure-induced death (REID) (%).

The average annual CED was 129 

mSv/patient year

The average REID was 0.8% (i.e. odds 

1 in 130) and the median REID was 

0.65%.

The excess cancer risk attributable to 

radiation exposure is not negligible.



Conclusions

Altogether, these findings emphasize the need to begin 
tracking at least the CT-related exposure, as suggested 
by the American College of Radiology, to develop and 
increment alternative strategies to reduce patient-
specific radiation burden. 

As institutions begin to implement radiation reduction 
and exposure tracking programs, special attention 
should be paid not only to individuals but also to 
cohorts, such as the ESKD patients or Crohn’s patients. 
This will also aid in incrementing the awareness of the 
medical community (including radiologists and 
emergency room physicians) of the much higher 
radiation burden associate with CT examinations in 
comparison with other radiologic procedures



 Inflammatory bowel disease (IBD) including
– Chron’s disease
– ulcerative colitis

 Congenital Heart Disease 
 Cystic fibrosis
 Hydrocephalus shunt
 Hemophilia
 Dysraphism





Conclusions

 The literature over cumulative radiation exposure form medical 

imaging in patients with non oncologic chronic illnesses is scarce:

– all the studies were retrospective; 

– The sample size is low for each cohort; 

– some of the source materials refer to very small number of children and some of 

the children in the source material were followed for a relatively short time 

period.

 Risk/benefit of medical imaging depends on a number of factors:

– severity of underlying condition, 

– performance of the screening test in that specific population, 

– life expectancy of the patient population.

These considerations suggest the need of prospective studies enrolling a greater 

number of patients, followed for longer period of time and able to control 

confounding variables in order to provide better estimates of the cumulative 

exposure to radiation, which, in turn, should be increasingly expressed in terms of 

organ dose instead than effective dose.



Recommendations

 There should be models for predicting patients with different clinical 

conditions who are likely to reach high cumulative dose range. 

Professional medical societies should develop or adopt 

appropriateness criteria/referral guidelines for patients who require 

multiple and/or long-term imaging studies.

 When a series of procedures can be reasonably foreseen, the risks 

and benefits of the entire series should be considered in the 

justification process. 

 There is an urgent need for inclusion of the concept of patient 

cumulative radiation exposure in radiation protection framework and 

standards. 

 Alert values for cumulative radiation exposures of patients should be 

set up and introduced in dose management systems with suitable 

cautions provided to avoid misuse.



How tracking individual exposure?



Look up Tables For specific CT 
examinations



EDDLP Conversion Factors

E = DLP x k

k values region specific

Guidelines EUR16262EN

Region of body

Normalized 

Effective Dose 

EDLP (mSv mGy-1 cm-1)

Head 0.0023

Neck 0.0054

Chest 0.017

Abdomen 0.015

Pelvis 0.019



Estimation of Patient Organ dose
Cardiac CT -Adult patients

Huda W AJR 2011;196: W159-W165



Estimation of Patient Organ dose
CT –Pediatric patients

Choonsik L W Med Phys 2012;39



Estimation of Patient Organ dose
Look up Table Example: Chest CT -Adult patients

Organs that are directly in the x-ray beam, and are completely irradiated, generally 

had forgan values for a complete chest CT scan that were well above 1 i.e., breast, lung, 

heart, and thymus. Organs that are not completely irradiated in a total chest CT scan 

generally had forgan values that were less than 1 e.g., red bone marrow, liver, and 

stomach.
Huda W Med Phys 2010; 37:842-47



Look up Tables For Interventional 
procedures



Estimation of Patient Organ dose
Coronary Angiography and Percutaneous Coronary Intervention





Fig. 5 Conversion factors from 

KAP to effective dose by added 

copper filtration. The error bars 

represent the standard 

deviation of the sample.

Vano et al. Physica Medica in Press

Dependence of conversion factors from added filtration



Conclusions

 Conversion factors 

– E/KAP for interventional radiology

– E/administered activity and type of Radiopharmaceutical 

for NM

– E/DLP for CT

Seems the most simple and efficient way to manage the 

radiation exposure tracking of individual patients.

 Alert values could be set at a value of 100 mSv of CED 

accrued


