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Summary

� Overview of patient doses in medical imaging exposures

� Which patients undergo imaging with high cumulated radiation 

doses?



Main calculations
• N = number of imaging procedures (N)
• Effective Dose (E) per procedure (mSv)
• Collective Effective Dose (S) (person-Sievert) = E*N
• Average Individual Effective Dose (EW) (mSv)
• EW = S/Population*

* World 7312 million population 2018

• Data collected between 2009-2018
• Frequencies and estimated effective doses of 

examinations/procedures
• Average Individual Effective Dose using tissue 

weighting factors as per ICRP 60

Data Collection



Modality categorization scheme used for 
UNSCEAR medical exposure global assessment



Relative contributions by modality category to (a) estimated annual number of 
examinations/procedures and (b) estimated annual collective effective dose (2009–2018)

UNSCEAR 2020-2021



Comparison of (A) procedures per 1000 people and (B) annual average individual 
effective dose for various categories between worldwide and United States.

Mahesh M, 2023 Patient Exposure from Radiologic and 
Nuclear Medicine Procedures in the United States and 
Worldwide: 2009-2018. Radiology. 2023 
Apr;307(1):e221263. 

PROCEDURES

Annual AVERAGE individual Effective Dose

GLOBAL 
Annual per capita dose = 0.53 mSv

US
Annual per capita dose = 2.2 mSv



Average annual individual effective dose in the US from diagnostic patient radiation 
exposures (in mSv). Comparison between 2006 and 2016

Mettler FA et al Patient Exposure from Radiologic and Nuclear Medicine Procedures in the United States: Procedure 
Volume and Effective Dose for the Period 2006-2016. Radiology. 2020 May;295(2):418-427. 

US individual 
effective dose from 
diagnostic and 
interventional 
medical 
procedures was 
estimated as 2,9 in 
2006 and 2,2 in 
2016, a decrease 
of approximately 
20% in ten years



NCRP Report n.184

Number of CT procedures in the US
Increased by 20% over 10 years!

2006 - 2016



UNSCEAR 2020-2021



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Projection 
Radiology



Conversion 
factors used in 
effective doses 
calculation 
from DAP 
values for 
projection
radiography 
examinations

Projection 
Radiology



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Radiography and 
Fluoroscopy



Conversion 
factors used for 
effective doses 
calculation from 
dose area 
product values 
for
radiography and 
fluoroscopy 
examinations

Radiography and 
Fluoroscopy



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Dental Radiology

Examination type Typical Effective 
dose (mSv)

Relative 
Frequency (%)

Dental Intraoral 0.006 74

Dental Panoramic 0.024 26



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Dental Radiology

Examination type Typical Effective 
dose (mSv)

Relative 
Frequency (%)

Dental Intraoral 0.006 74

Dental Panoramic 0.024 26



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Computed 
Tomography



Conversion 
factors used for 
effective dose 
calculations 
from dose 
length product 
values
for computed 
tomography 
examinations

Computed 
Tomography



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Interventional 
Radiology



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Nuclear Medicine 
Gamma camera 

and SPECT



Typical 
effective 
doses and 
average 
relative 
frequencies 
of procedures

Nuclear Medicine 
PET



Conclusions

� The current evaluation shows only a slight change from the UNSCEAR 2008 
Report and a slight reduction in the effective dose per caput. 

� This contrasts with the previous two UNSCEAR reports which showed notable 
increases, not only in the total number of examinations but also in the frequencies 
of examinations per 1,000 population and the annual effective dose per caput. 

� This evaluation shows the influence of technological changes and changes in 
medical practice as previously more common procedures were supplanted by 
different techniques or phased out entirely. 

� The use of computed tomography has continued to grow and the contribution 
from

� interventional radiology has increased rapidly. It appears likely that these two 
trends will continue and, thus, the effective dose per caput may be expected to 
rise again in the future as access to these techniques using ionizing radiation 
spreads to lower middle- and low-income countries.



Repeated radiation doses – the inconsistency 

For imaging patients, we do not consistently acknowledge and track cumulative 
radiation dose

Prior exposures do NOT matter

For radiation workers, we acknowledge and track cumulative radiation dose

Prior exposures matter



Cumulative risk 

Risk associated with a series of recurrent exposures to ionizing radiation is the 
summation of risk associated with every single low-dose exposure. Type 1 risk

Type 1 – risk that increase in effect 
with each added risk
Example 1 – smoking – smoking a cigarette 
will not cause lung cancer but if you continue 
to do it the risk of cancer increases.
Example 2 – Obesity – if you eat an 
hamburger this will not cause obesity but if 
you eat one hamburger per day your risk of 
becoming obese increases

Type 2 – risks that when done 
simultaneously cause greater danger 
than when done one at a time
Example 1 – driving, while smoking, while 
eating an hamburger, while texting
Example 2 (not assessed) – exposure to 
ionizing radiation, while receiving 
immunosuppressant therapy

The linear no-threshold (LNT) model of 
ionizing radiation–induced cancer assumes 
that every increment of radiation dose, no 
matter how small, constitutes an increased 
cancer risk for humans. Linear no-threshold 
is presently the most widely applied model 
for radiation risk assessment.



CED> 100 mSv per modality - CT

Of the 2.5 million (2,504,585) patients who underwent 
4.8 million (4,819,661) CT exams during the period of 
between 1 and 5 years, a total of 33,407 (1.33%) 
patients received a CED of ≥ 100 mSv.
The percentages in the 3 institutions ranged from 1.4% 
to 3.4%

The data in this study from 20 countries covering 0.7 
million patients during the period of between 0.4 and 
6.1 years indicated that 0.65% patients received CED 
≥ 100 mSv. 
These values ranged from 0 to 5.0%

Of the 189.030 patients who underwent 575,326 CT 
exams during the period of 4 years, a total of 5.3% of 
patients received a CED of ≥ 100 mSv.



INCIDENCE is a measure of the number (or the proportion) of 
1. new cases of 
2. patients accruing a CED≥ 100 mSv that develop in the 
3. population of patients who undergo a CT examination in 
3. one year/ three years

PREVALENCE is a measure of the number (or the proportion) of 
1. existing cases of 
2. patients who accrued a CED≥ 100 mSv in the 
3. population of patients who undergo a CT examination within a 
3. Specific time period (regardless of when they first developed 
the characteristic)

We should avoid speaking generically about occurrence!!!
Prevalence cannot be used to estimate risk of NEW cases!!! 

Most of the studies assessing patients with CED ≥ 100 mSv reported an “occurrence” by extending their period of 
observation to a variable number of years in which the doses were cumulated while some studies collected the data only 
through surveys with the well-known problems of low return rate, potential bias and inaccuracy of data, making difficult the 
quantitative assessment of the phenomenon as well as the comparison between hospital regarding the management of 
patients with recurrent exposures.

Occurrence – Prevalence - Incidence



Recurrent patients with high CED due to repeated CT scans 

Median I100:1 (%)
2.4%

Median I100:3 (%)
7 %

Brambilla et al Optimisation of protection in the medical exposure of recurrent adult patients due to computed tomography procedures: development of 
recurrent exposures reference levels  Eur Radiol 2024



Brambilla et al  Establishment of recurrent exposures reference levels for repeated computed tomography examinations in adult patients on a nationwide level 
in Slovakia. Eur Radiol 2024 accepted for publication

Recurrent patients with high CED due to repeated CT scans 



• There is no meaningful way to incorporate cumulative doses into 
actionable risk-benefit decisions.

• There is no scientific or medical consensus on what to do when a 
specific cumulative effective or organ dose is reached.

A workable system to introduce the concept of cumulated 
dose into the framework of patient radiation protection



Directions

• Harmonization of referral 
guidelines for patients who 
need recurrent imaging 
keeping into account the CED 
expectancy.

• Recurrent Exposures 
reference levels (RERL) for 
optimization of imaging in 
patients with recurrent 
exposures.



Which patients undergo imaging with high CED?

Nearly 90% of patients with CED> 100 mSv (n = 8,091; 90.4%) had malignant 
diagnoses and only 10% (n = 861; 9.6%) had non-malignant diagnoses.

Rehani M et al Eur Radiol 30 (2020)

The patient’s clinical indication for referral together with the estimated CED values 
included cancer in 132 patients (31%).

Brambilla M et al Eur Radiol 31 (2021)

Patients undergoing recurrent CT exams: assessment of patients with 
non-malignant diseases, reasons for imaging and imaging appropriateness

Patients undergoing multiphase CT scans and receiving a cumulative effective dose of 
≥100 mSv in a single episode of care



56 patients who underwent > 40 CT in 10 years (0.06% of the total number of patients 
scanned with CT).

All patients were oncological. All but one with metastatic disease

79 % major 
surgery

68% targeted 
therapy

63% 
radiotherapy

61% involved 
in clinical 

trials

median CT number = 47
mean CED = 187 mSv
Mean LARincidence= 1%
Mean LARmortality = 0.7%

The vast majority of CT 
scans were performed 
for therapy response 
assessment or 
surveillance imaging.

Kwee T et al EJR 125 (2020)

Which patients undergo imaging with high CED?

Which patients are prone to undergo disproportionate recurrent CT imaging and 
should we worry?



Magnitude of the phenomenon in selected cohorts of patients
ESKD- Dialysis – JASN 2011 ESKD- Transplant –NDT 2012

EV Aortic Repair- Radiol Med 2015

Cardiac – JAMA 2010 Heart Transplant – J Heart Lung Transplant 2011

Crohn’s  Disease – Gut 2008

ESKD- Dialysis – Kid Int 2010

Myocardial Infarction – Circ 2010

Chronic – JACR 2010

Cohorts of non-oncological recurrent patients 
with high CED

• Multiple higher dose imaging procedures (CT, interventional, hybrid, etc.) on the same patient
• Cumulative dose above 100 mSv in a few years/ weeks/ days

Lymphoma –BJR - 2021 HCC–Liver transplant –EJR - 2023



ESKD- Transplant –NDT 2012

Heart Transplant – J Heart Lung Transplant 2011

CED > 100 mSv Transplanted patients

No of patients: 92
Fu duration: 4 years
(>100 mSv): 12%
Annual CED: 16 mSv
Mean Age: 52 years

No of patients: 202
Fu duration: 10 years
Mean CED: 84 mSv
Annual CED: 8 mSv
Mean Age: 46 years

ESKD- Dialysis – JASN 2011 No of patients: 106
Fu duration: 3 years
(>100 mSv): 16%
Annual CED: 22 mSv
Mean Age: 65 years

ESKD- Wait list –CJASN 2013 No of patients: 172
Fu duration: 3.7 years
(>100 mSv): 13%
Annual CED: 13 mSv
Mean Age: 51 years

No of patients: 31
Fu duration: 1 year
Median CED: 53 mSv
Annual CED: 53 mSv
Mean Age: 13 years

 P Heart Transplant – J Heart Lung Transplant 2014

Kidneys Heart

Liver- Transplant –EJR  2023 No of patients: 179
Fu duration: 7 years
(>100 mSv): 85%
Annual CED: 56 mSv
Median Age: 58 years

Liver



Lymphoma– Clin Transl Oncol  2016

CED > 100 mSv Lymphoma patients

No of patients: 51
Fu duration: 3.5 years
(>100 mSv): 49%
Total CED: 114 mSv
Annual CED: 40mSv
Median Age: 47 years

Hodgkin Lymphoma– Cancer 2015 No of patients: 78
Fu duration: 3.8 years
(>100 mSv): NR
Total CED: 139 mSv
Median Age: 43 years

British J Radiol 2023

No of patients: 486
Fu duration: 3.6 years
(>100 mSv): 14%
Total CED:  69 mSv
Annual CED: 48 mSv
Mean Age: 59 years

No of patients: 76
Fu duration: 2.6 year
(>100 mSv): 22 %
Total CED: 71 mSv
Mean Age: 53 years

 Lymphoma– Eur J Radiol 2014

No of patients: 83
Fu duration: 3.7 years
(>100 mSv): 67%
Total CED: 170 mSv
Annual CED: 57 mSv
Median Age: 66 years

Hodgkin Lymphoma DLBC Lymphoma



Which is the associate LAR for Lymphoma  patients?

Fabritius G et al Nature Sci Rep 2016

The average LAR for men and 
women associated to the 
diagnostic imaging procedures 
considered in the present study 
corresponds to about 1 excess 
cancer in 100 lymphoma patients 
from diagnostic imaging 
performed in the first year after 
diagnosis (mean LAR[1] ≈ 1%), 
and to an additional excess 
cancer case for imaging 
procedures carried-out during a 
follow-up period of 5 years 
(LAR[2,6] ≈ 0.23% per year)

The lifetime baseline cancer risk (incidence excluding non-melanoma skin cancer) of a 35-year-old man or woman in 
Germany is about 50 and 40%, respectively

The reported risk estimates overestimate the real risks to some extent since they were derived using life table data 
for the entire German population and not data specific for lymphoma patients with a reduced life expectancy.



Justification and referral guidelines

Hicks LK et al et al Blood 2013 

The American Society of Hematology published the Choosing 
Wisely recommendations, which included a recommendation to 
limit CT surveillance in asymptomatic patients after 
curative-intent treatment for aggressive lymphoma

Number and type of examinations recommended in German, US and European guidelines in 2016

Fabritius G et al Nature Sci Rep 2016



Justification and referral guidelines
Country Type of

Lymphoma
(guidelines)

Initial workup Number of examinations during
Therapy Follow-up (5 

years)
Refractory disease

Germany HL 1 Chest X-ray 2 CTs Neck/Thorax/Abdomen Only in clinical
relapse

1 CT Neck/Thorax/Abdomen

1 CT Neck/Thorax/Abdomen

DLBCL 1 CT Neck/Thorax/Abdomen 1 CT Neck/Thorax/Abdomen,
1 PET/CT or CT Neck/
Thorax/Abdomen

Not in routine
follow-up

None

Italy HL
AIOM 2018

1 CT Neck/Thorax/Abdomen
1 PET/CT 

1 CT Neck/Thorax/Abdomen,
1 PET/CT 

1 CT 
Neck/Thorax/Abdomen,

1 CT Neck/Thorax/Abdomen,
1 PET/CT 

DLBCL
AIOM 2018

1 CT Neck/Thorax/Abdomen
1 PET/CT 

1 CT Neck/Thorax/Abdomen
1 PET/CT 

1 CT 
Neck/Thorax/Abdomen, 
every six month (2 
years)- yearly

Europe HL
ESMO 2018

1 PET/CT and
1 CT Neck/Thorax/Abdomen

PET/CT Only if clinical
symptoms occur

Not specified

DLBCL
ESMO 2015

1 CT Neck/Thorax/
Abdomen and 1 PET/CT

PET/CT Not in routine
follow-up
Option 
Neck/Thorax/Abdomen, 
6,12 and 24 months

1 CT Neck/Thorax/
Abdomen and 1 PET/CT

USA HL 1 Chest X-ray 1 PET/CT or
CT Neck/Thorax/Abdomen

1-2 PET/CTs or CTs Neck/
Thorax/Abdomen

2-4 Chest-X-rays
or CTs

1 PET/CT or CT

DLBCL 1 CT Thorax/Abdomen and/
or 1 PET/CT

2 PET/CTs or 1 PET/CT and
1 CT Neck/Thorax/Abdomen

0-4 CTs Neck/
Thorax/Abdomen

None



Justification and referral guidelines

The significant CED in this category of patients 
should prompt a harmonization of guidelines  to 
keep into consideration the CED expectancy 
according to different guidelines.

1. This principle could be followed in general for 
the clinical conditions in which it is known in 
advance that patient will likely be submitted to 
recurrent imaging



Conclusions

Although it may be controversial to incorporate CED into electronic medical record in 
the care of individual patients, one needs to acknowledge its benefits, such as:
• Effective dose is an appropriate dose metric to compare radiation burden of 

patient exams using different image modalities or in different anatomic regions.
• The concept of RERL could be easily introduced in the clinical practice following 

the consolidated methodology which lead to the establishment of DRLs
• Its utility for optimization of management of recurrent patients among different 

institutions and within the same institution
• Its utility in population research 


