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Abstract. Ionizing radiation and radionuclides are widely used in diagnostic radiology, nuclear medicine and 
radiotherapy. Radiation related methods and procedures are especially useful in diagnostic applications where they 
provide valuable information about the patient conditions and problems. In this case, the effort is concentrated in 
obtaining the required diagnostic data while keeping the exposure to the patients to a very minimum level. On the 
other hand, the therapeutic use of radiation, in the form of external or internal exposure is aimed at delivering the 
relevant (rather high) doses to a particular volume in the organ or tissue in order to cure the tumour. In both of these 
modalities, the patients also receive a certain undesirable dose to healthy or normal tissues in the vicinity of the 
tumour. Obviously, any exposure may result in some stochastic effects characterized by a very small increase in the 
probability of developing additional cancers in years after the exposure. The paper discusses various methods of 
explaining the radiation risk to patients undergoing specific examinations or treatments involving radiation 
exposure. It also outlines the approach of the European Union and the situation in the Czech Republic. 
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1. INTRODUCTION 

There is a variety of sources of ionizing radiation, 
such as X-ray based machines, radio-pharmaceuticals 
and also particle accelerators, which are used 
frequently in hospitals and clinics to perform 
diagnostic imaging examinations, medical 
interventions and special treatments aimed at curing 
some diseases, in particular cancer. Diagnostic 
procedures are important for the accurate diagnosis of 
diseases and injuries. Physicians and other medical 
personnel performing these operations are trained to 
use the minimum amount of radiation necessary for 
the technique applied. The benefits from these medical 
procedures greatly outweigh the potential small risk of 
harm due to an unwanted small exposure received by 
patients.  

The increase in radiation related examinations in 
developed countries is becoming alarming. In Figure 1 
[1], the situation in the USA regarding the increase in 
medical exposure during recent decades is illustrated. 
The exposure is mainly due to diagnostic radiology 
examinations and interventional radiology procedures. 
Diagnostic radiology includes the analysis of images 
obtained using X-rays, such as in plain radiography 
(e.g. chest or dental X-rays), fluoroscopy (e.g. with 
barium meal or enema) and computer tomography 

(CT). Imaging modalities also comprise nuclear 
medicine examinations based on the use of unsealed 
radioactive sources (radio-pharmaceuticals) where the 
highest exposure to patients come primarily from 
SPECT/CT and PET/CT examinations. The other 
medical modality characterized by a high exposure is 
related to interventional radiology using minimally 
invasive image-guided procedures to diagnose and 
treat diseases (e.g. for guiding a catheter in a blood 
vessel). 

The important components of all procedures 
involving radiation-related examinations or therapy 
have to be carefully scrutinized from the point of view 
of patients for a specific examination and informing. 
The patients should be informed about the potential 
risks related to the radiation exposure involved in 
simple language. However, one has to take into account 
that the risk of not making the diagnosis may be 
greater than the radiation risk.  

Responding to patient concerns and questions 
about radiation risks can be one of the most 
challenging duties facing physicians, physicists and 
technicians. Patients often arrive with preconceived 
notions of risk based on misinformation they have seen 
in the media or read on the internet.  

In any case, the patient should receive basic 
information about the specific use of radiation, where 
it is important to make patients aware of the radiation 
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risk realistically in relation to other known risks. The 
patient should be able to distinguish between the 
medical procedures involving ionizing radiation from 
those relying on non-ionizing radiation imaging 
modalities relying on ultrasound or magnetic 
resonance techniques.  

 
 

 

Figure 1. The US annual per capita effective dose from various 
sources in 1980 (3 mSv) and in 2006 (5.6 mSv). This trend 

can be soon expected in many other countries. 

2. STOCHASTIC AND DETERMINISTIC RADIATION EFFECTS 

In discussing the risk associated with the possible 
harmful effects of radiation exposure, a patient should 
be aware of the difference between stochastic effects, 
which are mainly attributed to normal diagnostic 
procedures, and deterministic effects, which are only 
relevant to the high radiation exposure encountered in 
therapy and in the case of accidents or radiological 
terrorist attacks [2, 3]. 

The risk of effects from diagnostic examinations is 
so low that it is more than compensated by the patient 
benefit from the use of radiation. The occurrence of 
stochastic effects is proportional to the effective dose 
received by a person. Just for comparison, an effective 
dose of 1 mSv is associated with a risk of about  
5x10-5 mSv-1, i.e. five in 100,000 persons exposed [4]. 
One chest X-ray examination (about 0.02 mSv) 
corresponds just to the exposure received by 
passengers during a five hour flight (due to higher 
contribution from cosmic radiation). These, and as well 
as other similar examples, should be used to inform 
patients about the risk of the exposure associated with 
the use of radiation in fully justified medical 
applications. 

It may be impossible to even demonstrate that 
additional cancers have occurred as the normal 
incident rate of cancer deaths is about 20 percent plus 
or minus some natural variation in this rate. Diagnostic 
medical radiation exposures may increase this risk 
slightly, on the order of a fraction of percent. For an 
individual, this presents a very small risk but when 
there are many thousands of persons exposed to even 
that small radiation dose, there will be some (not 
negligible) additional number of cancers among them, 
which is undesirable from the societal point of view. 
Thus, even low exposures have to be under control.  

Basically, stochastic effects are related to such cases 
when exposed and surviving cells may become 
modified by induced mutations (somatic, hereditary). 
These modifications may lead to two clinically 
significant effects: malignant neoplasms (cancer) and 
hereditary mutations.  

On the other hand, the previously called 
deterministic effects, now referred to as tissue 
reactions, can only be observed after large absorbed 
doses of radiation above a certain threshold level and 
they are mainly a consequence of radiation induced 
cellular death. They occur only if a large proportion of 
cells in an irradiated tissue have been killed by 
radiation, and the loss cannot be compensated by 
increased cellular proliferation. Clinical examples of 
such effects are necrotic changes in skin, necrosis and 
fibrotic changes in internal organs, acute radiation 
sickness after whole body irradiation, cataracts, and 
sterility. The probability of deterministic effects does 
not vary with dose. Instead, there is a certain threshold 
dose for each specific harm below which the effect will 
not appear.  

In addition, it has recently been observed that the 
possible effects may also include cataracts and 
cardiovascular outcomes at lower doses than previously 
considered [5-7]. 

Doses required to produce deterministic changes 
are in most cases large (usually in excess of 1-2 Gy) as 
illustrated in Figure 2. The specific response to 
deterministic effects may differ from person to persons. 

 
Figure 2. Characteristics of the impact and response to 
deterministic effects (CNS – Central Nervous System) 
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Some of the deterministic effects occur in a small 
proportion of patients as side effects of radiotherapy. 
They can also be found after complex interventional 
investigations (such as vascular stenting) when long 
fluoroscopy times have been used. The essential feature 
of the dose-response relationship is the presence of a 
threshold dose. Below this dose no effect may be 
diagnosed but with increasing dose the intensity of the 
induced damage increases markedly, in some 
situations, dramatically.  

3. THE EXPOSURE TO PATIENTS FROM MEDICAL 

EXAMINATIONS 

In the past 100 years or so, diagnostic radiology, 
nuclear medicine and radiation therapy have evolved 
from the original rather primitive practices to 
advanced and efficient medical modalities which 
became an essential and indispensable tool for many 
branches and specialties of present medicine. Although 
the individual risk to a patient undergoing medical 
diagnostic examination is very low and, in most cases, 
comparable with the risk in everyday life, the impact of 
too many patients exposed too frequently may result in 
considerable consequences with respect to the total 
collective population exposure. This may result in such 
an increase in the number of additional cancer cases 
induced in a large population group that it cannot be 
neglected. The availability of radiation related facilities 
and, to a certain extent, the effort of some hospitals 
and clinics to increase the frequency of examinations 
due to the financial stimulation, contributes to the 
unnecessary high number of some kinds of 
examinations. Another reason behind this situation is 
the so-called “defensive medicine“, when physicians, to 
be on the safe side, opt for some examinations which 
may not always be fully justified. When the CT 
modality first appeared, it was considered to be a 
magical apparatus; therefore, there were even cases 
when patients themselves insisted on being examined 
using that high-technology miracle.  

Medical radiation can be delivered to the patient 
from a radiation source outside the patient (e.g. from 
an x-ray machine for diagnosis or a linear accelerator 
for radiotherapy). Regardless of the size of the dose the 
patients receive, they do not become radioactive or 
emit radiation. As a result, they present absolutely no 
radiation hazard to family or others. 

The other way that medical radiation is given is by 
placing radioactive materials (radio-pharmaceuticals) 
in the patient. In these cases the patient becomes 
virtually a radioactive source and will emit radiation. 
For diagnostic nuclear medicine studies (such as a 
bone or thyroid scan), the amount of activity of 
radiopharmaceuticals injected is small and such 
patients present no hazard to their family or to the 
public. These patients are discharged immediately after 
the procedure. 

Patients may undergo radiation therapy by having 
radioactivity injected or radioactive sources implanted 
in the tumour. Such patients may or may not present a 
hazard to others based upon the penetration capability 
of the radiation emitted by the radionuclide. Some are 
very poorly penetrating (such as iodine-125 prostate 

implants). Such patents are discharged. Others who 
receive iridium-192 or cesium implants must remain in 
the hospital until the sources are removed. The 
radiation is penetrating enough that visitors will be 
restricted from visiting the patient. 

Patients treated with a high activity of 131I for 
cancer of the thyroid, in some cases for 
hyperthyroidism, or patients with permanent implants 
of radioactive sources (special category of 
brachytherapy), once released home from a clinic or 
hospital may present some – however slight – risk to 
their family members if they do not observe specific 
rules of behaviour in such situations. These patients 
must be orally informed to avoid a close body contact 
with children and of other necessary precautions by 
specialists responsible for the conduct of their therapy. 

On the basis of experimental clinical and 
epidemiological evidence, the assessment is also given 
of the probability of which cancers and hereditary 
mutations may be induced by doses of various 
magnitudes, most likely without a threshold dose 
(below which no effect would obtain). 

Every effort should be undertaken to minimize the 
doses and, therefore, the risk from diagnostic uses of 
radiation, and to ensure that accurate high therapy 
radiation doses are delivered in the right volume to 
where tumour resides. This objective may be reached 
by avoiding unnecessary (unjustified) examinations, 
and optimizing the applied procedures both from the 
standpoint of diagnostic quality and of the reduction of 
excessive doses to patients. The optimization of patient 
protection in radiotherapy must depend on 
maintaining sufficiently high doses to irradiated 
tumours, securing a high cure rate, while protecting the 
healthy tissues to the largest extent possible. Problems 
related to the special protection of the human embryo 
and foetus in the course of diagnostic and therapeutic 
uses of radiation require some more specific approach. 

Since future cancer risk is highly age dependent 
and many radiation induced cancers have latency 
periods of 10 to 20 years, individuals over 60 have 
minimal cancer risks from radiation exposure, while 
children have a lifetime risk of 10-15% simply due to 
the length of time available for a cancer to develop. 
This also has to be taken into account when assessing 
the risk due to radiation exposure. 

4. COMMUNICATION OF RADIATION RISK TO PATIENTS 

Commonly the risk of not making the diagnosis is 
greater than the radiation risk.  Therefore, medical 
personnel has also to be trained how to transfer this 
information to their patients. A special situation may 
occur regarding the use of medical imaging in children. 
The medical community has to be well-positioned to 
address even such questions the parents and other 
caregivers may ask in a variety of scenarios “Could it 
hurt?” 

There are many approaches to communicate 
medical radiation risks to patients, and each may have 
some advantages and disadvantages. These methods 
may be categorized into several categories which 
include the paternalistic approach, risk comparisons 
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only approach, risk numerology approach, and the 
quality assurance approach [8]. 

The paternalistic approach was mainly applied in 
an earlier era, when the physician advised the patient 
what procedures and treatments were recommended, 
and the patient was expected to unquestionably follow 
such advice. Such an approach can be summarized as 
the “your doctor knows what you need best” method. 
Most patients usually agree that the radiation risk is 
acceptable when their physician recommends an exam 
and they believe the benefits from exams outweigh the 
risks associated with radiation. 

Attempts of risk comparisons only approach to 
overcome the public’s total lack of familiarity with 
radiation have included risk comparisons using the 
concept of effective dose to provide a relative risk of 
radiation exposure. Several comparison approaches are 
used, including comparisons with the background 
equivalent radiation time, comparisons with the 
number of airplane trips; expressing the dose as some 
multiple of a common examination, such as a chest 
radiograph; and by comparing an examination’s dose 
to the safety levels prescribed for occupational 
exposures. Table 1 gives examples of such approaches 
for a chest radiograph and a CT scan of the abdomen 
(based on [9]). 

Table 1. One of possible ways of comparing the risks from two 
common radiodiagnostic examinations with other risks 

Comparison of typical 
radiation exposure 

Chest 
radiograph 
(~ 0.1 mSv) 

CT scan of the 
abdomen 
(~10 mSv) 

Equivalent to how many chest 
radiographs 

1 100 

Background equivalent 
radiation time Czech Republic 
(3 mSv/y) 

12 d 3.3 y 

No. of flights Prague - New 
York 

2 230 

Fraction of occupational dose 
limit (20 mSv/y) 

0.0005 0.5 

The risk numerology approach is based on 
“informed consent” forms that include a fair amount of 
what can be termed “risk numerology” (e.g., relative 
risks, excess cancer rates, increased rates over 
background levels, and other hazard comparisons). 
Many investigators have used a factor for the increased 
risk of cancer in terms of probability of developing 
cancer related to the unit effective dose. However, even 
highly educated patients sometimes find it difficult to 
understand basic probability concepts or to perform 
even simple mathematic operations, such as comparing 
the magnitudes of two probabilities. For example, a 
probability for the additional risk of 1 in 20,000, 
corresponding to the risk associated with the exposure 
of 1 mSv, on a background risk of 3 in 10 (cancer rate in 
general population initiated by non- radiation 
initiative) is difficult, if not impossible, to grasp.  

On some occasions, a visual aid may be very helpful 
in improving the dialogue about such risks, especially 
those based on dose proportions (ratio to a reference), 
what can be termed as a sort of a “Richter Scale of 
Radiation Risk”. This scale may facilitate the 
comprehension of the risk by less knowledgeable 

persons and help them to distinguish between events of 
a wide range from practically no consequences via 
observable effects to severe consequences [10]. 

When discussing radiation risks, these should be 
described using broad categories such as those shown 
in Table 2 (e.g., negligible, < 0.1 mSv; minimal,  
0.1–1 mSv; and minor, 1–10 mSv). 

Table 2. Examples of three types of imaging modalities and 
their equivalence to the exposure and risks (based on [8]) 

Imaging 
example 

Effect 
dose 
range 
(mSv) 

Background 
equivalent 
radiation 

time 

Risk 
Probability 
of cancer 

(%) 

CT scan of 
NM scan 

1-10 Years Minor ~ 0.05 

Abdominal 
radiograph 

0.1-1 Months Minimal ~ 0.005 

Chest 
radiograph 

< 0.1 
Days to 
weeks 

Negligible ~ 0.0005 

Quality assurances approach is used by some 
institutions which rely on what can be called “quality 
assurances” while communicating the benefit and risk 
in medical radiation. Quality assurance statements 
may include declarations claiming that the hospital or 
clinic uses the newest state-of-art imaging models or 
that their machines have been tested in accordance 
with the latest international standards. They may 
assure that their techniques were designed to deliver 
doses as low as reasonably achievable so patients do 
not really need to worry about any excessive exposure. 
Although these statements may indeed be true and may 
represent a healthy continuous improvement culture in 
the institution, they do not address benefits or risks in 
a quantifiable manner. In some cases, however, they 
may be reassuring. 

5. EUROPEAN UNION DIMENSION  

The European Union (EU) has addressed the safety 
and protection of patients against the unnecessary and 
unjustified radiation exposure in several of its 
documents. The main requirements, which are 
obligatory for the Member States were included in the 
relevant Directive [11], which emphasises the need for 
the justification of medical exposure, including 
strengthening the requirements concerning 
information to be provided to patients, the recording 
and reporting of doses from medical procedures, the 
use of diagnostic reference levels and the availability of 
dose-indicating devices.  

The EU document has also highlighted the clinical 
responsibility of a practitioner for individual medical 
exposures, in particular, justification, optimisation, 
clinical evaluation of the outcome; cooperation with 
other specialists and staff, as appropriate, regarding 
the practical aspects of medical radiological 
procedures, obtaining information, if appropriate, on 
previous examinations, providing existing medical 
radiological information and/or records to other 
practitioners and/or the referrer, as required, and 
giving information on the risk of ionising radiation to 
patients and other individuals involved, as appropriate.  
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The EU requires Member States to take appropriate 
steps in order to ensure that in the case of a patient 
undergoing diagnosis or treatment with radionuclides, 
the practitioner or other relevant assigned personnel 
provide the patient or their representative with 
sufficient information on the risks of ionizing radiation 
and appropriate instructions with a view to restricting 
doses to persons in contact with the patient as far as 
reasonably achievable.  

6. SITUATION IN THE CZECH REPUBLIC 

The basic legislation related the relationship 
between a patient and his/her medical doctor is now 
contained primarily in Act no. 372/2011 Coll., Health 
Services Act (HSA) [12], as amended which has been in 
effect since 1 April 2012. This Act postulates that health 
services can be provided to the patients only with their 
free and informed consent, unless the HSA Act 
provides otherwise. 

Pursuant to this Act the patient is entitled to decide 
to which persons and to what scope the hospital is 
authorized to provide information about his/her health 
conditions and necessary medical procedures. 

In accordance with the HSA no person shall 
interfere with the integrity of another person without 
his consent granted with the knowledge of the nature of 
the intervention and its possible consequences. In 
addition, every action in the context of health care 
requires the consent of the patient, unless the law 
provides that consent is not necessary. The informed 
consent to the provision of health services is, therefore, 
a legal act by a patient, which confers a particular 
patient medical service. Providers agree to give specific 
health services and, if necessary, information about 
specific interference to the patient’s bodily integrity 
related to the provision of health services. 

The informed consent for specific radio-diagnostic 
and nuclear medicine examinations, as well as for the 
therapy treatment based on ionizing radiation 
exposure takes into account the potential nature of the 
risk associated with such procedures.  

This consent usually includes a completed 
questionnaire where the patient gives information 
about his/her health conditions, history of radiation 
related examinations and treatments, and previous 
allergic reactions. The female patients are supposed to 
provide information about their confirmed or potential 
pregnancy. In addition, patients are supposed to 
disclose the type of medication they were using in the 
past or they use at present.  

The patient is expected to sign the informed 
consent where he/she express his/her acceptance of 
the examination or treatment proposed and that the 
procedures/risks have been explained to him/her by 
the relevant medical doctor. In this consent, the patient 
explicitly confirms that he/she 

 Has been instructed and of their right to ask 
questions and decide freely whether he/she 
agrees with the proposed health service or 
health performance would  agree or not, 

 Has been informed in detail on the planned 
health performance, 

 Has been given the reasons for the medical 
procedure and its benefits for his/her health 
conditions, 

 Has been informed also about other possibilities 
and alternatives provided medical services and 
procedures, their appropriateness, benefits and 
risks , 

 Has been informed of the possible risks and 
complications, the all this was told intelligibly to 
enable him/her to consider all possible impacts, 

 Has had the opportunity to ask about 
everything thought to be important.  

 Has declared that the information submitted 
was understood and there were no further 
questions,  

 Has been instructed about the details of the 
proposed medical procedures including, if 
appropriate, alternative options using other 
equivalent modalities, 

 Has hereby given his informed consent to the 
aforementioned health service and 
performance.  

The patient information usually receives the 
information about the level of exposure associated with 
the examination or treatment including the 
explanation about potential risks resulted from the 
exposure. Here the radiologist is supposed to give an 
example of the situation with a similar risk as the risk 
from the prescribed radiation procedures.  

7. CONCLUSION 

Nowadays, many patients are more aware of the 
potential harm of ionizing radiation and ask questions 
which physicians have to be in a position to answer in 
such a way that patients would realistically perceive the 
magnitude of risk in the light of great benefit 
associated with radiation related examinations or 
treatment. This does not mean that they should be 
satisfied with the existing situation which, regarding 
the radiation risk communication to the patients, is 
still unsatisfactory at many hospitals and clinics. It 
would be desirable to pay more attention to training 
and educating non-radiation and referral physicians in 
understanding the radiation risk in perspective in 
order to be able to explain it to their patients. 

It has been observed that non-radiologist 
physicians are often relatively uninformed about the 
involvement of radiation in diagnostic examinations. 
This includes specifically the dose and, therefore, the 
risk patients may be exposed to. Another problem may 
be attributed to understanding the published data 
regarding radiation exposure which is often confusing. 
Moreover, referring physicians do not always know the 
type of equipment being used at referring hospitals or 
clinics.  

Ionising radiation is, therefore, one of the basic 
tools of contemporary medicine, both in diagnosis and 
therapy. Practice of contemporary, advanced medicine, 
without use of ionizing radiation appears currently 
unthinkable. 
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