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A B S T R A C T

Purpose: To estimate the number of patients in OECD (Organization for Economic Co-operation and
Development) countries who receive a cumulative effective dose (CED) ≥ 100 mSv from recurrent computed
tomography (CT) exams.
Methods: Taking into account recently published data on the number of CTs per patient and the fraction of
patients with CED ≥ 100 mSv as well as country-specific data for the number of CT exams/1,000 population
from OECD publication, this paper makes estimations for 35 OECD countries.
Results: The estimated total number of patients with CED≥ 100 mSv for all 35 OECD countries combined in a 5-
year period is around 2.5 million (2,493,685) in a population of 1.2 billion (1,176,641,900), i.e., 0.21% of the
population. Expressed per 1,000 population, the range is from 0.51 for Finland to 2.94 for the US, a nearly six-
fold difference. Countries with more than 2 patients with CED ≥ 100 mSv in a 5-yr period per 1,000 population
are: Belgium, France, Iceland, Japan, Korea, Luxembourg, Portugal, Turkey, and US.
Conclusions: The first estimates of the number of patients likely receiving CED ≥ 100 mSv through recurrent CT
exams in 35 OECD countries indicate that 2.5 million patients reach this level in a 5-year period. There is an
urgent need for various stakeholders including medical physicists, referring physicians, health policy makers,
manufacturers of CT equipment and epidemiologists to attend to the issue in the interest of patient radiation
safety.

1. Introduction

While acknowledging the immensely useful role computed tomo-
graphy (CT) plays in diagnosis and management of patients, attention
has frequently been drawn to radiation exposure of patients. This has
resulted in lowering the patient radiation doses in large parts of the
world both at the per exam level and the collective dose [1–4]. A recent
study reported that low-dose CT had no effect on human DNA whereas
in the same setting, DNA double-strand breaks and chromosome aber-
rations were shown to increase after standard-dose CT [5]. A number of
studies have documented increased cancer risk after CT scan related
radiation exposures and more studies are ongoing [6–8].

Thus, radiation dose optimization should remain a continuous
pursuit, especially when there is scope for further improvement [3,4,9].
However, despite tremendous improvements in radiation doses in the
last decade, Rehani et al. 2020a [10] demonstrated that patients un-
dergoing recurrent CT exams during a short span of 1 to 5 years are not
uncommon. The authors used a yardstick of cumulative effective dose

(CED) of ≥100 mSv, not that radiation effects start at 100 mSv but at
this level of dose some organs may receive doses of a few tens of mGy or
even exceed 100 mGy, a range at which a statistically significant excess
of certain cancers like of bone marrow, thyroid, bladder, breast, colon
and lung has been demonstrated in a number of studies and there is a
reasonable degree of agreement among official international organiza-
tions like ICRP, UNSCEAR, and national organizations like NCRP on
potential stochastic radiation effects [11–13]. A recent review shows
that there is now convincing evidence of excess cancer risk at organ
doses below 100 mGy [14].

Assessments of the number of patients who may be receiving high
doses in different countries are therefore of high priority. This paper
reports such estimates for countries included in the Organization for
Economic Co-operation and Development (OECD) as required data on
CT frequency is not available collectively from a credible source for
others.
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2. Materials and methods

OECD is an intergovernmental economic organisation with 36
member countries as of 2019. We used the population information for
OECD countries available from the internet [15].

2.1. Assessment of the number of patients undergoing CT exam in each
country

We used data on the number of CT exams per 1,000 population per
year provided by OECD for 2017 or nearest [16] to estimate the number
of CTs in each country as:

= ×

No of CT exams in a country

No of CT exams population population of the country

.

. /1000

Since the number of patients undergoing CT exams in different
countries is not available, we used data from Rehani et al. 2020a [10]
who estimated an average number of CT exams per patient of 1.92 from
the data of 4,819,661 CT exams performed in 2,504,585 patients in 324
hospitals in the US and a country in Europe during periods of one to five
years. This number differed across different institutions (range
1.84–2.23). The annual number of patients undergoing CT exams in
each country was thus obtained by dividing the annual number of CT
exams in each country by 1.92.

≈

No of patients undergoing CT exams in a country yr

No of CT exams in a country per yr CTs per patient

. /

. /1.92

2.2. Assessment of the number of patients with CED ≥ 100 mSv

The data provided by Rehani et al. [10] indicates that 33,407 of the
2,504,585 patients (1.33%) received a CED ≥ 100 mSv. The total
person-time from data in [10], (sum over number of patients *years) of
observation in 4 institutes for these patients was approximated as
267,013 * 5 + 807,526 * 5 + 430,049 * 31/12 + 999,997 * 13/
12 = 7,566,985 patient-years. This corresponds to an incidence of
33,407 patients/7,566,985 * 5 years or 0.02207418 for 5 years among
patients undergoing a CT exam.

Because of missing data in OECD for some countries, we used
numbers for Ireland from the UK, for New Zealand from Australia, and
for Norway and Sweden from Denmark. We excluded Mexico from all
calculations in view of lack of data. We also excluded new OECD
countries that got added after the release of the 2019 publication [16].

3. Results

Table 1 shows the population size of OECD countries and the annual
frequency of CT exams from public OECD data [15,16]. Using the es-
timated incidence of receiving a CED ≥ 100 mSv per 5 years of
0.02207418, as derived above, the estimated numbers of patients re-
ceiving a CED ≥ 100 mSv per 5 years for each of the 35 countries are
presented in Table 1. The total estimated number of patients with
CED ≥ 100 mSv for all 35 countries combined in a 5-year period is
around 2.5 million against a population of 1.2 billion (0.21%).

The number of patients with CED ≥ 100 mSv per 5 years ranges
from 867 for Iceland to 961,799 for the USA. Expressed per 1,000 po-
pulation (last column in Table 1), the range is from 0.51 for Finland to
2.94 for the USA, a nearly six-fold difference. Fig. 1 presents the
number of patients with CED ≥ 100 mSv per 1,000 population in as-
cending order.

Table 2 stratifies countries by number of patients with
CED ≥ 100 mSv in 5-yr period per 1,000 population (Low: 0 to<1,
Medium: 1 to< 2 and High: ≥2). There are 2 countries in Low group,
24 in medium and 9 in high number group.

4. Discussion

The driving force for this paper was to obtain an approximation of
the number of patients likely receiving CED ≥ 100 mSv in a defined
time frame. We translate the results presented in recent papers [10,17]
to a large group of countries in which CT scanning is a standard diag-
nostic procedure and radiation protection efforts are presumably widely
implemented. If true, the numbers presented here are alarming as they
indicate that a large group of patients is exposed to doses for which
there is now convincing epidemiological evidence of a causal link with
cancer [11,14].

There is no direct correlation of the number of patients with
CED ≥ 100 mSv with population size. For example, the UK and France
are similar in terms of population but the number of patients with
CED ≥ 100 mSv in France is nearly double as the frequency of CT use
per unit population is nearly double. Germany and Canada have a si-
milar frequency of CT use per unit population and therefore the number
of patients with high cumulative dose is proportional to population.
Within the European Union, there is a vast difference in CT use fre-
quency from around 44 CTs/1,000 population in Finland to nearly 210
for Luxembourg and Iceland, a 5-fold difference. However, the number
of patients with CED≥ 100 mSv per 1,000 population differs by up to a
factor of 2.94. Countries with more than 2 patients per 1,000 popula-
tion in the relatively high dose range ≥100 mSv are: Belgium, France,
Iceland, Japan, Korea, Luxembourg, Portugal, Turkey, United States
(Table 2).

Our study has some limitations. The number of patients with
CED ≥ 100 mSv in a given period and country is a function of the
number of patients who receive CT scans, the number of CT scans re-
ceived by those patients and the doses to which their organs were ex-
posed during the CT scans. These parameters likely differ substantially
between countries but also between hospitals and other providers
within a country [18]. Our calculations are partly based on country-
specific information (CT frequency) and partly on assumptions derived
from a large number of CTs performed in several institutions in two
countries (number of CTs per patient and effective dose estimated based
on actual exposure parameters used in those two countries). Another
limitation is the lack of data on the indication for the CT scans. Many of
these repeated CTs may be for conditions with a limited life expectancy
(e.g., non-curable cancer) so that radiation-related cancer risk
10–15 years after the procedures is of limited concern for the patient.
However, Rehani et al. [19] show that 10% of patients with
CED ≥ 100 mSv in one of the hospitals included in their survey had
non-malignant conditions and 20% were ≤50 years of age. This will
imply potentially a quarter of a million patients with non-malignant
conditions in the 35 countries. On the other side, we did not include
radiation doses from other exams such as nuclear medicine studies and
interventional procedures, both of which involve significant radiation
doses. We also assumed that all patients in the study by Rehani et al.
[10] were followed for the entire interval collected in each institution.
These reasons are expected to result in an underestimate of the number
of patients with CED ≥ 100 mSv in a five-year period.

Despite these limitations, our results are the first assessment of the
number of patients with relatively high doses that should lead to a
strategic agenda by various stakeholders for patient radiation safety.
These should include manufacturers of CT equipment because there is
substantial scope for further improvement in radiation doses [4,20].
Physicians need to develop and implement imaging appropriateness
criteria, otherwise a fairly large number of patients may receive un-
necessary exposure, especially with the background of the lack of
knowledge among physicians [19,21]. Further extrapolation of OECD
data to global population requires availability of CT usage data of
countries outside of OECD and can be done by others if they have data
of their country on CT use, using the above approach. The estimations
can be easily extended to countries that have been added recently to
OECD or are being added, such as: Croatia, Columbia, Argentina, Brazil,
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Bulgaria, Peru, Romania; when their data of CT frequency becomes
publicly available.

The age and sex distribution of patients for all OECD countries is not
available and thus it is not possible to include this information in the

calculations. However, Rehani et al. [10] do provide this information
for their large study with representative data. The RP180 [2] provides
the age and sex distribution for the Top 20 X-ray examinations for 3
OECD countries of Europe. It might be possible to incorporate the

Table 1
Country-specific data as per OECD on population, number of CT exams/1000 population/yr and estimated number of patients with cumulative effective dose
(CED) ≥ 100 mSv.

No. Country Population * CTs/1,000 population/
year**

Estimated No. of Patients with
CED ≥ 100 mSv in 5-yr period

Estimated No. of Patients with CED ≥ 100 mSv in 5-yr
period per 1,000 population

1. Australia 24,992,860 126.0 36,205 1.45
2. Austria 8,837,707 149.6 15,200 1.72
3. Belgium 11,403,740 200.5 26,287 2.31
4. Canada 37,058,856 152.9 65,145 1.76
5. Chile 18,751,405 99.9 21,537 1.15
6. Czech Republic 10,626,430 103.5 12,645 1.19
7. Denmark 5,789,957 172.8 11,503 1.99
8. Estonia 1,321,977 168.7 2,564 1.94
9. Finland 5,515,525 44.3 2,809 0.51
10. France 66,941,698 189.7 145,998 2.18
11. Germany 82,914,191 148.5 141,559 1.71
12. Greece 10,725,886 150.3 18,534 1.73
13. Hungary 9,767,600 122.5 13,756 1.41
14. Iceland 352,722 213.7 867 2.46
15. Ireland 4,857,015 92.3 5,154 1.06
16. Israel 8,872,943 145.2 14,812 1.67
17. Italy 60,421,797 89.9 62,451 1.03
18. Japan 126,443,180 230.8 335,517 2.65
19. Korea 51,635,256 204.6 121,461 2.35
20. Latvia 1,927,170 171.9 3,809 1.98
21. Lithuania 2,801,541 101.8 3,279 1.17
22. Luxembourg 607,950 211.1 1,476 2.43
23. Netherlands 17,231,622 94.0 18,622 1.08
24. New Zealand 4,885,500 126.0 7,077 1.45
25. Norway 5,311,916 172.8 10,553 1.99
26. Poland 38,413,139 97.0 42,839 1.12
27. Portugal 10,283,822 188.9 22,334 2.17
28. Slovakia 5,446,771 153.9 9,637 1.77
29. Slovenia 2,070,050 70.9 1,687 0.82
30. Spain 46,733,038 114.9 61,734 1.32
31. Sweden 10,175,214 172.8 20,215 1.99
32. Switzerland 8,513,227 109.9 10,757 1.26
33. Turkey 81,407,211 206.6 193,364 2.38
34. United Kingdom 66,435,550 92.3 70,499 1.06
35. United States 327,167,434 255.7 961,799 2.94

Total 1,176,641,900 2,493,685

*Population size in 2018 for the 36 member countries of the Organisation for Economic Co-operation and Development (OECD) except Mexico from [12].
**Number of CTs per 1,000 population in 2017 or nearest year from OECD Health at a glance 2019 [13]. We used numbers from the UK for Ireland, from Australia for
New Zealand, and from Denmark for Norway and Sweden.

Fig. 1. Estimated number of patients with CED ≥ 100 mSv in 5-yr period per 1,000 population in 35 OECD countries in increasing order.
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information into the calculations. Similarly, information on what dis-
ease or clinical conditions are contributing to recurrent imaging is
outside the scope of the current paper as such information is not
available at international and even at national level. This subject is best
handled at the local level better at hospital or group of hospitals under
the same service provider as done in recent paper by Rehani et al. [19].
With wide availability of dose monitoring and tracking systems in many
countries it should be possible to gather data from many countries in
the near future to verify or complement our findings [22].

The current radiation risk management policies for patients need to
be re-evaluated as they have not been as effective as other areas like
flying, travel by car or even occupational safety. National and inter-
national organizations need to realize that their current policies are not
able to stop this situation of high cumulated doses from happening and
need to review policies.

With actions on the above, it should be possible to conduct justified
CT exams that minimize radiation dose and maximize clinical benefit.

References

[1] Mettler Jr. FA, Mahesh M, Bhargavan-Chatfield M, Chambers CE, Elee JG, Frush DP,
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;17:192256https://doi.org/10.1148/radiol.2020192256.

[2] European Commission. Medical Radiation Exposure of the European Population.
Radiation Protection N° 180. 2015. https://ec.europa.eu/energy/content/rp-180-
medical-radiation-exposure-european-population-part-1-part-2_en.

[3] Rehani MM, Szczykutowicz TP, Zaidi H. CT is still not a low-dose imaging modality.
Med Phys 2019. https://doi.org/10.1002/mp.14000.

[4] Kachelrieß M, Rehani MM. Is it possible to kill the radiation risk issue in computed
tomography? Phys Med 2020;71:176–7. https://doi.org/10.1016/j.ejmp.2020.02.
017.

[5] Sakane H, Ishida M, Shi L, Fukumoto W, Sakai C, Miyata Y, et al. Biological effects
of low-dose chest CT on chromosomal DNA. Radiology 2020;10:190389https://doi.
org/10.1148/radiol.2020190389.

[6] Meulepas JM, Ronckers CM, Smets AMJB, et al. Radiation exposure from pediatric
CT scans and subsequent cancer risk in the Netherlands [published correction ap-
pears in J Natl Cancer Inst. 2018 Oct 1;110(10):1154]. J Natl Cancer Inst.
2019;111(3):256–263. doi:10.1093/jnci/djy104.

[7] Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT scans in child-
hood and subsequent risk of leukaemia and brain tumours: a retrospective cohort
study. Lancet 2012;380(9840):499–505. https://doi.org/10.1016/S0140-6736(12)
60815-0.

[8] Bernier MO, Baysson H, Pearce MS, et al. Cohort Profile: the EPI-CT study: a

European pooled epidemiological study to quantify the risk of radiation-induced
cancer from paediatric CT. Int J Epidemiol 2019;48(2):379–381g. https://doi.org/
10.1093/ije/dyy231.

[9] Rehani MM. Challenges in radiation protection of patients for the 21st century. Am
J Roentgenol 2013;200(4):762–4. https://doi.org/10.2214/AJR.12.10244.

[10] Rehani MM, Yang K, Melick ER, Heil J, Šalát D, Sensakovic WF, Liu B. Patients
undergoing recurrent CT scans: assessing the magnitude. Eur Radiol
2020;30(4):1828–36. https://doi.org/10.1007/s00330-019-06523-y.

[11] National Council of Radiation Protection and Measurements. Implications of Recent
Epidemiologic Studies for the Linear-Non threshold Model and Radiation
Protection. NCRP Commentary No. 27. 2018, Bethesda, Maryland: NCRP.

[12] UNSCEAR. United Nations Scientific Committee on the Effects of Atomic Radiation.
Sources, Effects and Risks of Ionizing Radiation. Uncertainties in risk estimates for
radiation-induced cancer. Annex B. 2015, https://www.unscear.org/docs/
publications/2012/UNSCEAR_2012_Annex-B.pdf.

[13] International Commission on Radiological Protection. Low-dose Extrapolation of
Radiation-related Cancer Risk. ICRP Publ 99. Ann ICRP Ann. ICRP 35(4); 2005.
http://www.icrp.org/publication.asp?id=ICRP%20Publication%2099.

[14] Hauptmann M, Daniels RD, Cardis E, Cullings H, Kendall GM, Laurier D, et al.
Epidemiological studies of low-dose ionizing radiation and cancer: summary bias
assessment and meta-analysis. J Natl Cancer Inst Monogr 2020;2020(56):188–200.
https://doi.org/10.1093/jncimonographs/lgaa010.

[15] OECD Organization for Economic Co-operation and Development. https://stats.
oecd.org.

[16] OECD Organization for Economic Co-operation and Development (2019) Health at
a glance 2019: OECD indicators. OECD Publishing, Paris. https://doi.org/10.1787/
888934017709. https://www.oecd-ilibrary.org/social-issues-migration-health/
health-at-a-glance-2019_4dd50c09-en.

[17] Brambilla M, Vassileva J, Kuchcinska A, Rehani MM. Multinational data on cu-
mulative radiation exposure of patients from recurrent radiological procedures: call
for action. Eur Radiol 2019. https://doi.org/10.1007/s00330-019-06528-7.

[18] Smith-Bindman R, Wang Y, Chu P, et al. International variation in radiation dose for
computed tomography examinations: prospective cohort study. BMJ
2019;364:k4931. https://doi.org/10.1136/bmj.k4931].

[19] Rehani MM, Melick ER, Alvi RM, Khera RD, Batool-Anwar S, Neilan TG, et al.
Patients undergoing recurrent CT exams: assessment of patients with non-malignant
diseases, reasons for imaging and imaging appropriateness. Eur Radiol
2020;30(4):1839–46. https://doi.org/10.1007/s00330-019-06551-8.

[20] Klein L, Dorn S, Amato C, Heinze S, Uhrig M, Schlemmer H-P, et al. Effects of
detector sampling on noise reduction in a clinical photon counting whole-body CT.
Invest Radiol 2020;55(2):111–9. https://doi.org/10.1097/RLI.
0000000000000616.

[21] Rehani MM, Berris T. International Atomic Energy Agency study with referring
physicians on patient radiation exposure and its tracking: a prospective survey
using a web-based questionnaire. BMJ Open 2012;2(5):e001425. https://doi.org/
10.1136/bmjopen-2012-001425.

[22] Seuri R, Rehani MM, Kortesniemi M. How tracking radiologic procedures and dose
helps: experience from Finland. AJR Am J Roentgenol 2013;200(4):771–5. https://
doi.org/10.2214/AJR.12.10112.

Table 2
Stratification of countries based on estimated number of patients with CED ≥ 100 mSv.

Category Number of patients with CED ≥ 100 mSv in 5-yr
period/1000 population

Number of
countries

Names of countries

Low 0 to < 1 2 Finland, Slovenia
Medium 1 to < 2 24 Australia, Austria, Canada, Chile, Czech Republic, Denmark, Estonia, Germany, Greece,

Hungary, Ireland, Israel, Italy, Latvia, Lithuania, Netherlands, New Zealand, Norway, Poland,
Slovakia, Spain, Sweden, Switzerland, United Kingdom

High ≥2 9 Belgium, France, Iceland, Japan, Korea, Luxembourg, Portugal, Turkey, United States

M.M. Rehani and M. Hauptmann Physica Medica 76 (2020) 173–176

176

https://doi.org/10.1148/radiol.2020192256
https://ec.europa.eu/energy/content/rp-180-medical-radiation-exposure-european-population-part-1-part-2_en
https://ec.europa.eu/energy/content/rp-180-medical-radiation-exposure-european-population-part-1-part-2_en
https://doi.org/10.1002/mp.14000
https://doi.org/10.1016/j.ejmp.2020.02.017
https://doi.org/10.1016/j.ejmp.2020.02.017
https://doi.org/10.1148/radiol.2020190389
https://doi.org/10.1148/radiol.2020190389
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.1016/S0140-6736(12)60815-0
https://doi.org/10.1093/ije/dyy231
https://doi.org/10.1093/ije/dyy231
https://doi.org/10.2214/AJR.12.10244
https://doi.org/10.1007/s00330-019-06523-y
https://www.unscear.org/docs/publications/2012/UNSCEAR_2012_Annex-B.pdf
https://www.unscear.org/docs/publications/2012/UNSCEAR_2012_Annex-B.pdf
http://www.icrp.org/publication.asp%3fid%3dICRP%2520Publication%252099
https://doi.org/10.1093/jncimonographs/lgaa010
https://stats.oecd.org
https://stats.oecd.org
https://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance-2019_4dd50c09-en
https://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance-2019_4dd50c09-en
https://doi.org/10.1007/s00330-019-06528-7
https://doi.org/10.1136/bmj.k4931]
https://doi.org/10.1007/s00330-019-06551-8
https://doi.org/10.1097/RLI.0000000000000616
https://doi.org/10.1097/RLI.0000000000000616
https://doi.org/10.1136/bmjopen-2012-001425
https://doi.org/10.1136/bmjopen-2012-001425
https://doi.org/10.2214/AJR.12.10112
https://doi.org/10.2214/AJR.12.10112

	Estimates of the number of patients with high cumulative doses through recurrent CT exams in 35 OECD countries
	Introduction
	Materials and methods
	Assessment of the number of patients undergoing CT exam in each country
	Assessment of the number of patients with CED ≥ 100 mSv

	Results
	Discussion
	References




