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With annual increase of early diagnostics indicator of 

cancer and decrease of the neglect of disease level the 
one-year and five-year survival rate of cancer patients 
that are considered as integrated indices of the efficiency 
of counter-cancer measures is still low. Survival rates of 
cancer patients in Ukraine are 1.5–2 times lower, and 
5 times lower on specific cancer localization, then in the 
European states, the US, and Australia [12,13].

Besides different consideration on the reasons of this 
disparity (organizational, human resources, technolo-
gy, methodology were mentioned) [11,14] we suggest 
that analysis of this situation in the aspects of medical 
care defects [2] and possibility of the medical and so-
cial consequences should be added. Considerable at-
tention was paid for the issue of medical care defects 
by international and national institutions of the certain 
states [17].

There is no doubt regarding need for the increase of 
accessible radiological medical services for population 
because of huge value for human health treatment that 
medical use of radiation sources may provide. Radio-
logical risks related to diagnostics procedures are gener-
ally low. Meanwhile as a result of radiotherapy faults the 
significant consequences may occur.

Even minor deviations of the planned doses caused by 
various reasons in oncological radiology effect on over-
valuation of actual total local dose that cause radiation 
injuries (sometimes fatal injuries) of the patient, or on 
undervaluation of dose that leads to clinical treatment 
efficiency reduction and increase likelihood of relapse or 
occurrence of secondary malignancies.

The problem of bringing a dose to the tumor target is 
seen mainly as a technical and medical and social conse-
quences of this problem were out of focus [1,15]. Accord-
ing to requirements on radiation treatment efficiency for 
malignant tumors and prevention of their recurrence and 
complication due to irradiation it is necessary to ensure 
that error of target tumor and adjacent tissue irradiation 
is not exceed ±5% [6]. Unfortunately in practice the 
scale of medical and social consequences of medical per-
sonnel in Ukraine faults particularly in oncological radi-
ology was not researched yet. But this information could 
facilitate the increase of patients’ safety [2,11,13].

The aim of research – taking into account mentioned 
above, the purpose of this research is to estimate the state of 
radiation therapy patients’ safety and the scale of medical and 
social consequences of medical personnel faults in this area.

���������	�
�	�������	��	��������
The material of the research is results of TLD audit 

(IAEA/WHO) of dosometry quality of the procedures on 
cobalt telegamma-devices in Ukraine, international and 

domestic legal framework for radiotherapy care safety, as 
well as scientific publications domestic and foreign ex-
perts in the field of patient safety.

Research Methods are following: statistical, analytical, 
bibliographic, system approach.

�������	��	���	��������	�
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Defects of medical treatment in oncological radiology. 

The reasons of the unwanted effects in medical practice 
are medical faults, offences and accidents [3]. When the 
negative consequences of medical care for the patient 
occurred due to negligence, inattention, excessive over-
confidence or medical ignorance, we will talk about the 
offence. According the Criminal Code of Ukraine, chap-
ter «Crimes against life and health» that has 15 «medical» 
articles (130–145), medical personnel may be subject to 
liability. These offences of professional medical personnel 
may be found in the annual reports of the Prosecutor 
General of Ukraine. Thus, nearly 600 cases of prosecuted 
for these offences were registered in 2014.

There are accidents in medicine, as in any field of human 
activity that related to the use of electricity, radiation sourc-
es, pressured gases, toxic or explosive substances in medical 
facilities, as well as traumatic falls, fires etc. Proper attention 
was given for these accidents in medical practice, which are 
mainly on responsibility of the state authorities for indus-
trial, technological and labor safety [16]. These cases being 
investigated, recorded, analyzed, and appropriate measures 
to prevent them were taken.

Finally, the medical fault is considered as an acciden-
tal injury of patient, caused by faulty actions or inaction 
of the medical personnel, characterized by his/her mis-
leading in good faith within respect to professional duties 
and the lack of signs of malice, negligence or carelessness 
[3]. Unfortunately, the less attention is given for medical 
faults despite they result more death tolls that transport 
incidents in developed countries [17]. Also medical faults 
receive less attention in the health care system that of-
fences or accidents.

In 2013 IAEA have generalized the experience of ra-
diation accidents response and presented a brief descrip-
tion of all accidents registered between 1945 and 2010 
[8]. According to IAEA there were occurred 42 accidents 
related to ionizing radiation use in medical practice be-
tween 1967 and 2007, and 13 of which were in the co-
balt-telegamma devices. There were severe radiation ex-
posure injuries in 41 cases that led to death of the patient 
groups in some cases. Only in one of observed cases the 
radiation doses was 5–30% lower than planned that re-
sulted local recurrence of cancer for 492 of 1,045 pa-
tients. In 18 cases the cause of accidents in ontological 
radiology was related to dose planning.

One on the latest cases of massive overexposure of patients 
due to medical personnel and engineer-radiologist fault of 
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dose calculation (overexposure of 7 to 34% of planned dose 
during period of May 2004 to May 2005) occurred in Jean 
Monnet Hospital in Epinal (France). As a result at least 
12 persons died and tens of patients were seriously injured. 
Deviations from the planned doses in described accidents 
predominantly varied in the range of +75% to –30%. This 
generalization of radiation accidents confirmed again that the 
most serious consequences of radiation accidents are related 
to errors of dosimetric planning and implementation of all 
technological stages of radiotherapy [9].

On the one hand the problems of dose calculation and 
exposing of malignant formation should be attributed to med-
ical errors based on their previous definition [16], but if this 
error led to the rejection of proven doses by more than 5% of 
the planned dose, such exposure is considered an emergency 
[6], that may be classified as an accident or offence.

The already mentioned case of Jean Monnet Hospital 
in Epinal has been qualified as offence, and two doctors 
and a radiologist of the clinic were sentenced to 
18 months in prison.

Generally the emergency exposure in the medicine prac-
tice according to International Basic Safety Standards for 
Protection against Ionizing Radiation and for the Safety of 
Radiation Sources is «any therapeutic treatment delivered to 
either the wrong patient or the wrong tissue, or using the 
wrong pharmaceutical, or with a dose or dose fractionation 

differing substantially from the values prescribed by the med-
ical practitioner or which may lead to undue acute or se con-
dary effects» [7]. The interpretation of reasons for such 
emergency exposure as an accident, mistake or offense is 
under competence of the authorities, and it is based on the 
national legislation norms that are mostly imperfect in this 
field. Thus there are problems of legal nature regarding safe-
ty of patients in radiology that require clarification.

The situation in Ukraine. Providing required accuracy 
of the release of absorbed dose in radiation therapy is pos-
sible due regular monitoring of the radiation output of 
therapeutic devices, ie dosimetric calibration of therapeu-
tic beams both in the radiology department and when 
calibration of the radiation fields of radiotherapy apparatus 
conducted, as well as the independent external audit.

Since 1998 IAEA and WHO being conducted regular 
independent audit of dosimetric calibration of gamma-
therapeutic beams using termolumeniscent dosometry 
method («dose by post») in Ukraine (TLD-audit). Par-
ticipation in this procedure is voluntary and confidential 
for medical institutions.

The results of TLD audit for external ray radiotherapy 
devices in Ukraine in 1998–2014 are shown on the figure. 
On the vertical axis of this figure the ratio between mea-
sured dose by dosimeter and dose conditions by audit is 
shown. On the horizontal axis the year of research is shown.
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Range limited by dotted lines on the figure corre-
sponds to the ratio between the dosimeter measured dose 
and dose conditions by audit within ±5% variation [6] 
that is considered to be acceptable.

Attention is drawn to the fact that almost annually 
there have been cases of conditions caused by excess 
auditing dose by 20% or more, which can lead not only 
to radiation complications, but also to the deaths [8].

More detailed information on TLD audit results of the 
external ray radiotherapy devices in Ukraine in 1998–
2014 presented in the Table.

According to the data from Table it can be seen, that 
in 1998, 2000, 2002, 2007, 2008, 2009, 2011 and 2013 for 
more than 30% of external ray radiotherapy devices that 
were TLD audited the accuracy of the release of absorbed 
dose exceeded ±5%, and in 2005 and 2006 these varia-
tion was in more than half of devices.

An average for 15 years period of 1998–2014 the dis-
crepancy of the radiation output of external beam radio-
therapy devices and specified parameters was observed in 
32.6% of the results on the 1st stage of audit, and in al-
most 12% of cases for re-audit. These data is close to 
earlier estimations [15] that discuss the problems of the 
calculation of dose on 28% external gamma-therapeutic 
devices that were subject to TLD audit in Ukraine. In 

this paper it is also noted that according IAEA/WHO 
TLD audit results for developing countries there are only 
5–15% of devices has an error of the calculation of ra-
diation beam more than 5%.

Thus in practice every third devise that was subject of 
TLD audit in Ukraine there were problems with dose 
calculation.

Before we proceed to the assessment of the number of 
cancer patients which effectiveness of treatment could 
negatively be impacted by above-mentioned problems 
with external radiation devises, you should also note the 
following:

– Dose calculation is one of many stages of ray ther-
apy, and error could be made on any stage [2,7];

– Lack of simulators, planning systems, devices for 
fixation of patients during irradiation, devices of indi-
vidual protection of healthy tissues, and outdated models 
of clinical dosimeters in oncological radiology depart-
ments [14];

– Low qualification level of engineers, radiologists, and 
absence of certain professions in the national classification, 
and therefore absence of radiotherapy positions and special-
ists in «Medical Physics» in the medical departments [10];

– Lack of targeted activities in accounting and analysis 
of medical errors in Ukraine particularly in oncology [4,5].
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Taking into account the aforementioned problems of 
oncological radiology it can be argued that a deviation of 
calculation and release of absorbed dose to the tumor target 
with accuracy above or below 5% took place for a half of 
gamma-therapy devices in Ukraine. At least it can be con-
sidered as a pessimistic option of the assessment of situation.

In order to estimate medical and social consequences 
of the dose miss-calculation problems, we may suggest 
that there are about 100 tele-gamma therapy cobalt de-
vices in Ukraine (even larger number of these devices is 
expected for the near future) [11], and the annual load 
on each device is about 300 cancer patients. Therefore, 
we obtain an annual contingent of treated on these de-
vices people that is about 30,000 people. Using this in-
formation it is quite easy to estimate the number of pa-
tients in whom radiotherapy is inefficient (absorbed dose 
is higher or lower than planned).

While according our optimistic option (32.6% of tele-
gamma devices with unsatisfactory TLD audit results) we 
receive about 10,000 cancer patients, and the pessimistic 
option (50.0% of tele-gamma devices with unsatisfactory 
TLD audit results) we received 15,000 cancer patients 
respectively, for those who will receive ineffective radio-

logical therapy or will obtain maligned complications or 
even fatal consequences.

Generally it confirms the significance of medical faults 
and patient safety issues in Ukraine that should be fun-
damentally investigated.
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The problem of the medical faults of cancer patient treatment 

by radiological methods is extremely important in Ukraine.
Usually studies of medical faults in oncologic radiology 

consider organizational, thematic, personnel and technical 
aspects. Meanwhile known studies do not cover medical 
and social consequences of this unresolved problem.

According optimistic option there is about 10 thou-
sand cancer patients annually who may suffer due dose 
calculation errors, and by pessimistic option such number 
may reach 15 thousand patients.

There are legal problems regarding patient safety in on-
cological radiology. These problems require clarification.

The primary task of improving the patient safety in 
oncologic radiology is the accounting and analysis of ra-
diation therapy defects and their consequences.
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