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Abstract

Medical imaging has enabled major improvements in the medical care of the
patient. However, some of these tests have the disadvantage of using ionizing
radiation at low doses. Although the CT scan is a powerful diagnostic tool, it
remains a highly radiant imaging modality. In addition, the risk of radia-
tion-induced cancer associated with low X-ray doses is established by the
American Phase 2 study BEIR VII, and preventive measures require a good
level of knowledge on radioprotection by imaging test prescribers. In our
study, we evaluated the knowledge of CT scan prescribers in Senegal regard-
ing patient radioprotection. These prescribers consisted of physicians and
surgeons without distinction of specialty. Our objective was to have the re-
quired data for optimizing CT prescriptions in compliance with the principles
of radioprotection. Our work focused on a descriptive analytical study of 107
doctors who prescribed CT scan in public health institutions in Senegal. Our
results revealed poor knowledge of doctors prescribing CT scan on induced
radio risks, even though the majority of them stated that they took those risks
into account. Our data were not isolated, they were applicable to similar stu-
dies conducted outside Senegal. In summary, our study led on the one hand
to recommendations on initial and continuing training and on the other hand
on organizational and regulatory considerations.
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1. Introduction

The medical use of ionizing radiation has become the most important source of
irradiation in the world. On the one hand, the knowledge and skills of profes-
sionals using this radiation determine the implementation of radioprotection
measures recommended by international and national organizations. On the
other hand, the situation in African countries is worrying due to the absence
and/or non-compliance with radioprotection laws and regulations. In Senegal,
CT scanning equipment is on the rise and CT scans are regularly prescribed in
hospitals. Although the CT scan is a powerful diagnostic tool, it remains a highly
radiant imaging modality. In addition, the risk of radiation-induced cancer as-
sociated with low X-ray doses is established by the American Phase 2 study BEIR
VII [1]. However, compliance with the principles of justification, optimization
and limitation requires a good level of knowledge by prescribers regarding pa-
tient radioprotection. We evaluated the knowledge of CT scan prescribers in Se-
negal following the model of the study by Gervaise et a/ [2] conducted in 2011
in France to assess the level of knowledge of CT scan prescribers about patient
radioprotection. Our objective is to have sufficient data to optimize CT prescrip-
tions in compliance with the principles of radioprotection. Our study involved

107 doctors, including senior and junior doctors.

2. Materials and Methods

The study involved prescribers from 10 hospitals in Senegal.

This was a descriptive and analytical cross-sectional study of 107 doctors, in-
cluding senior and junior doctors (trainees and junior registrars who prescribe
CT scan.

- Criteriaof inclusion

All the doctors prescribing CT scan and who agreed to answer to the ques-
tions were included.

- Criteria of non-inclusion

All medical imaging specialists and CT scan practitioners even if they are also
prescribers.

- Data collection

The data were collected using a questionnaire (see Appendix).

The questionnaire was submitted to the prescribers and then retrieved after a
minimum period of 24 hours. The data were collected by second-year-medical
students further to their course on radioprotection.

The data collected were verified, recorded and analyzed using Excel software.

- Data collected

The data collected concerned mainly the following parameters:

The status of senior or junior doctors.

Their unit.

The management of the benefit-risk ratio when prescribing a CT scan.

The level of irradiation during a CT scan.
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The risk of radiation-induced cancer.

Whether or not they have received training on radioprotection.

Whether or not they have read a handbook on the proper use of imaging tests
at least once (See the survey sheet).
- Ethical consideration

The free and informed consent of the interviewees was obtained in advance

and confidentiality was guaranteed.

3. Results

107 Questionnaires were submitted to the doctors and among them 102 responded
(Table 1). This distribution corresponds to 49% of doctors in training and 51% of
senior doctors (Diagram 1).

Question 1. Do you prescribe CT scan?

To this question, 96% of juniors and 94.4% of respondents said they prescribe
CT scan (Table 2).

Question 2. When prescribing a CT scan, have you ever considered the
benefit/risk ratio of X-rays?

In this question, 57% of the prescribers affirmed to take into account the ben-
efit-risk ratio against 43% (Table 3 and Diagram 2).

Among those who take into account the benefit-risk ratio 60% are seniors
compared to 40% of juniors (Figure 1).

Question 3. When prescribing a CT scan, have you already informed the
patient about the risks associated with x-rays and the resulting benefit/risk
ratio features?

Table 1. Number of questionnaires submitted to doctors.

Number of questionnaires submitted to doctors: 107 (see diagram number 1)
Number of questionnaires treated = 102
Number of unanswered questionnaires = 05
Status Junior doctors Seniors

Total 50 52

Table 2. Frequency of prescription of CT scan.

Status Junior doctors seniors
Answers yes no yes no
Total 50 2 52 3
Percentage of prescribers 96% 94.4%

Table 3. Benefit-risk consideration.

Status Junior doctors seniors
Answers yes no yes no
Total 23 27 35 17
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0%

Diagram 1. Distribution of prescribers by status.

YES HYES
57% NO mNO

Diagram 2. frequency of prescribers that take
into account the benefit/risk ratio.

Junior doctors 40%

Seniors 60%

Figure 1. Statutes of the prescribers considering
the benefit/risk ratio.

In this question, 25% of the prescribers affirmed informing their patients of
the benefit-risk ratio against 75% (Table 4 and Diagram 3).

Among those who claim to inform their patients, there were 44% of junior
prescribers and 56% of senior (Figure 2).

Question 4. In your opinion, and compared to the dose delivered for a
chest X-ray (RT), the average dose delivered during a standard abdominal
CT scan is equivalent to:

0.5% of participants gave the right answer (Table 5 and Diagram 4).

Expected correct response: Compared to the dose delivered for chest X-ray
(RT), the average dose delivered during a standard abdominal CT scan is equiv-
alent to 100 RT < CT < 250 RT.

Question 5. Knowing that the natural irradiation is about 2.5 msv/year,
how much do you estimate the average dose delivered during an abdomi-
nopelvic CT scan?

0.4% of participants gave the right answer.
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Table 4. Patient information on the benefit-risk ratio.

Status Junior doctors seniors
Answers yes no yes no
Total 11 39 14 38

Table 5. Knowledge of the radiation dose level of an abdominopelvic CT compared to a
chest X-ray.

RT<CT < 10 RT<CT < 100 RT < CT < 250 RT < Do not

h isti T <RT
Characteristics CT < 10 RT 100 RT 250 RT CT know

Answers 26 24 11 5 3 33

Diagram 3. Frequency of prescribers who in-
form their patients about the benefit/risk ratio.

W CT<RT

B RT<CT<10RT

® 10RT<CT<100RT
B 100RT<CT<250RT
W 250RT<CT

m DOES NOT KNOW

Diagram 4. Frequency of prescribers who know the radiation dose
level of an abdominopelvic CT compared to a chest X-ray.

Junior doctors 44%

Figure 2. Statutes of the prescribers informing
about the benefit/risk ratio.

DOI: 10.4236/0jbiphy.2019.93015 208 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2019.93015

S. M. Badiane et al.

Expected correct response: The average dose delivered during an abdominal
pelvic CT scan is estimated between 5 to 20 mSv (Table 6 and Diagram 5).

Question 6. According to the latest consensus conferences, there is a risk
of developing radiation-induced cancer due to the dose delivered during a
single standard abdominal-pelvic CT scan. If yes, how high do you estimate
this risk?

17% of the participants gave the right answer.

Expected correct answer: A risk of developing radiation-induced cancer due
to the dose delivered during a single standard abdominal-pelvic CT scan is esti-
mated at 1/1000 (Table 7 and Diagram 6).

Table 6. Comparison of natural irradiation versus an abdominopelvic CT scan.

Characteristics <5 mSv 5to 20 mSv <20 mSv Do not know

Answers 19 4 16 63

Table 7. Risk of radio cancer induced at low doses.

Characteristics None 1/1000 1/50,000  1/100,000 1/500,000 Do not know

Answers 43 17 4 13 8 17

W< 5mSv
B 5 to 20mSv
B < 20mSv
DOES NOT KNOW

Diagram 5. Frequency of prescribers who know the radiation dose
level of an abdominopelvic CT compared to natural irradiation.

M none
m 1/1000
m 1/50 000
1/100 000
H 1/500 000
B DOES NOT KNOW

Diagram 6. Frequency of prescribers who know the level of risk of
radiation-induced cancer based on the latest consensus conferences.
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Question 7. Have you ever been trained on patient radioprotection?

9% of prescribers claim to have received radiation protection training (Table
8 and Diagram 7). The proportion of prescribers claiming to have been trained
is 55.6% for junior versus 44.4% for seniors (Figure 3).

Question 8. Have you ever read a handbook on the proper use of medical
imaging tests?

To this question, 23% of prescribers stated that they had already consulted a
guide (see Table 9, Diagram 8). Of those, 43.5% were junior and 56.5% were

Table 8. Radiation protection training.

Characteristics Junior doctors Seniors
Answers yes no yes no
Staff 5 45 4 48

Table 9. Prescribers claiming to have already consulted a guide to the correct use of
médical imaging exams.

Characteristics Junior doctors Seniors
Answers yes no yes no
Staff 10 40 13 39

H YES
ENO

Diagram 7. Frequency of prescribers who have received
radiation protection training.

EYES mNO

Diagram 8. Frequency of prescribers who have already
consulted a guide to the correct use of imaging screens.

DOI: 10.4236/0jbiphy.2019.93015 210 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2019.93015

S. M. Badiane et al.

Junior doctors 55.6%

Seniors 44.4%

Figure 3. Statutes of prescribers informing about the bene-
fit/risk ratio.

Junior doctors 43.5%

Seniors 56.5%

Figure 4. Statutes of the prescribers claiming to have al-
ready consulted a guide of good use in imagery.

seniors (Figure 4).

4. Discussion

4.1. Analytical Interpretation of the Survey Results

Medical science uses various sources of ionizing radiation, produced either by
electric generators or by radionuclides. While their medical interest and useful-
ness have been established, these techniques contribute significantly to the pop-
ulation’s exposure to ionizing radiation. After natural exposure, they represent
the second most important source of exposure for the population and the first
source of artificial origin. The current state of knowledge on the dangers and
risks associated with ionizing radiation has led the international community to
set health objectives for radioprotection aiming at avoiding the appearance of
so-called tissue or deterministic reactions but also at reducing the probability of
radiation-induced cancers [3]. The interest of knowing the risk of radia-
tion-induced cancer is an element of radioprotection.

To this end, studies focusing on good imaging practices and compliance with
handbooks for the prescription of irradiating imaging tests are arousing growing
interest within the scientific community. The choice amongst imaging modali-
ties is therefore in favour of non-irradiating techniques and, failing that, the
lowest doses possible.

Our study shows that prescribers’ knowledge on patient radioprotection is
unsatisfactory, with a significant underestimation of the level of radiation doses
delivered to patients and the potential risks of radiation-induced cancer that re-
sult from them. However, this observation is not only limited to the prescribing

doctors in our study, but is consistent with the results of numerous studies con-
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ducted on populations of hospital practitioners [2] [4] and also on a population
of radiologists, although to a lesser extent [5].

For example, for Lee ef al in a study conducted in 2004 [6], only 9% of para-
medics reported that they thought there was an increased risk of radiation-induced
cancer due to the use of a CT while only 22% of them had informed the patient.
The dose ratio between a CT scan and a frontal chest X-ray was also significantly
underestimated.

In another similar study, conducted in 2004 [7] Jacob et al found a higher
correct response rate among the group of doctors who had previously received
patient radioprotection training compared to the group who had never received
such training.

The course on radioprotection in the medical program is only delivered dur-
ing the first cycle of medical study without any particular focus, thus at the end
of the training curriculum the doctor keeps only vague memories of the concepts
of radioprotection. Furthermore, the availability and distribution of prescription
handbooks for imaging tests is an issue.

Therefore, the training of practitioners on radioprotection seems to play a key
role. However, although the interest of such training is highlighted by organiza-
tions such as Euratom, [4] it seems to be neglected in medical programs. Such
training would allow a better knowledge and consideration of the potential risk
of radiation-induced cancer associated with low X-ray doses by prescribers. This
could then lead to a better justification for irradiating imaging tests and also help
the patient get the right information.

Moreover, with the current availability of publications, the patient can already
find a lot of information on the Internet or in the newspapers that the prescriber
must be able to comment on and sometimes qualify. However, in some cir-
cumstances, this information which the doctor should provide to the patient
becomes a must. This is particularly the case for pregnant women or young pa-
tients with chronic pathologies requiring repeated CT scan.

The limited knowledge of prescribing doctors about patient radioprotection
challenges the “quality” of their medical care. Quality in the provision of medical
care takes into account the availability of protocols, information for practitioners
and patients [6]. Improving the quality of medical care in our contexts of opera-
tion will require CT prescribers to be aware of the concepts of radioprotection,
justification, optimization and limitation of the risk of radiation exposure.

We have found that prescribing doctors do not feel comfortable with radio-
protection and are not involved in this practice. Krille e al [8] in their 2010 li-
terature review assessed doctors’ knowledge of the doses and risk of CT scan.
Thus, despite the methodological differences of the 14 studies included, this ar-
ticle concludes that doctors’ risk awareness should increase. This lack of profes-
sional involvement is more prevalent in the medical field than in other fields us-
ing ionizing radiation [9]. In the February 2008 publication of the journal “Bul-
letin and Memoirs of the Belgian Royal Academy of Medicine”, Dr. Smeesters
compares the radiological risk awareness and radioprotection knowledge of
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medical staff (diagnostic and therapeutic) with the knowledge of professionals
using ionizing radiation in an industrial setting. According to the author, radio-
protection culture and risk awareness are less widespread in the medical field
than in other sectors using ionizing radiation [10]. The first concern of doctors
is to establish a diagnosis and treat effectively, so radioprotection logically takes
a back seat [4]. This attitude would not be related to negligence or opposition to
radioprotection strategies, but rather to ignorance. They are also unanimous in
recognizing a risk to the repeated use of ionizing tests, even if this assessment is
uncertain and presents a strong inter-individual variability. However, an article
in the Swiss Doctors’ newsletter reports that doctors feel uncomfortable when

informing patients about the radiological risk [10].

4.2. Statistical Approach

We chose a descriptive approach to provide a detailed picture of the knowledge
of CT prescribers about patient radioprotection.

Two variables should be noted:

- an independent variable that is the status of prescribing doctors.
- a dependent variable which is the level of knowledge about patient radiopro-
tection.

In our sampling, we had sought an approach that was fairly representative of
the population of CT prescribers in Senegal.

This sample was non-probabilistic because we did not find it relevant to sub-
mit our questionnaire to radiology or nuclear medicine practitioners who are
also potential prescribers.

Following our network, we have been able to move widely from University
Hospital Centers to Regional Hospital Centers. This has resulted in a fairly rep-
resentative sample of CT scan prescribers in Senegal. The small sample size of
107 participants is a potential source of sampling bias. Nevertheless, data satura-
tion was achieved on a sample of maximum variables that seems to have been
well conducted because if we look at the sociological characteristics of the doc-
tors in the study, we have 52 senior doctors and 50 junior doctors. Demographi-
cally, the majority of the study is made up of urban doctors. However, despite
practice and culture that may differ, the initial medical training is the same. Data
collection was done using a questionnaire based on the Gervais et al [2] model.
In order to encourage the participant in the study, we avoided submitting a
questionnaire that at first glance could appear complex and interfere with the
desire to answer. Therefore, the first questions were accessible and we also
guaranteed the anonymity of the participants and any other identification data.
Our approach was cost-effective because out of 107 questions submitted, 105
doctors answered.

Depending on the participant’s availability, almost all of them gave us a time
slot to answer our questionnaire, while others gave us an appointment the next

day to retrieve the completed questionnaires.
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4.3. Strengths and Weaknesses

The qualitative nature of this study reflects both the conscious opinion of pre-
scribing doctors on radioprotection and its unconscious representation, com-
pared to a quantitative study. Qualitative studies go beyond rationality and open
up a window on what the subject “really” thinks. This allows us to see the dif-
ferent positions that prescribing doctors may have on the subject. The number
of interviews conducted resulted in the collection of a significant amount of
ideas.

For reasons of convenience and adherence, the majority of interviews were
conducted at the interviewee’s worksite. During the interviews, doctors were
sometimes interrupted in their reasoning by the telephone or patients knocking

on the door. Several interviews were conducted at the end of the day.

4.4. Challenges of the Study

We did not encounter any major difficulties in carrying out this work, except for

the risks associated with travel.

4.5. Major Orientations

The purpose of studies such as ours is to improve the control of ionizing radia-
tion risk in the sectors concerned (radiology, nuclear medicine, radiotherapy,
dental surgery) and to improve the safety of patients subjected to diagnostic or
curative radiation, by prioritizing the dissemination and application of the regu-
latory framework and its translation into national institutional and professional
procedures and recommendations.

This is based on several axes, including raising awareness among all the
professionals concerned (radiologists and prescribers, radio-pharmacists,
medical physicists, handlers, dental surgeons) on the need to take radioprotec-
tion into account for any prescription and/or use of ionizing radiation, particu-
larly around the principles of justification and optimization of the various mod-
alities. But also the facilitation of the adherence and appropriation of profession-
als to the approaches for the analysis of practices, as proposed by the High Au-
thority for Health in France (HAS), as a lever for the quality and safety of care
[7] by involving them widely in the implementation of radioprotection proce-
dures and measures.

However, these steps require the implementation of practical orientation
training during initial and continuing medical training.

Education and training on radioprotection require strong action in some
countries by the Ministry of Higher Education and Health to ensure that medical
education programs better integrate the physical and biological bases of the ef-
fects of ionizing radiation, their various applications and radioprotection.

The relevant training topics would be structured around:

- the national and international regulatory legislative and institutional frame-

work,
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- staff and patient safety requirements,

- quality control of equipment,

- employers’ obligations regarding workplace safety standards, monitoring and
follow-up of staff.

These steps should lead to the design of information systems on patients’ dos-
es of exposure under the supervision of the various actors and bodies concerned
and the improvement of mandatory quality control for new and existing instal-
lations through measures informing about the quantity of radiation emitted
during irradiation examination procedures.

In addition, it would be useful in our conditions to set up an information and
advice system for doctors and patients confronted with a problem of exposure to
ionizing radiation to verify the relevance of radiological examinations requested
either at the level of insurance providers or even public authorities and this
should be mandatory for the radiology department through a systematic wel-
coming of the patient by the radiologist before any imaging test. In our opinion,
the radiologist should not just consider the patient and their pathology as an
image to read. This robotic method of management is a strainer that reduces the
chances of the patient and the quality of their medical care.

In the same line, we encourage the promotion of national expertise in radio-
protection by setting up a powerful, transparent and pluralist scientific moni-
toring system to follow-up the evolution and critical analysis of new scientific
data likely to have an impact on radioprotection in the short and long terms.
The major orientation would be a vigilant and responsible radioprotection with
an emphasis on the reduction of doses received by the public, patients and pro-
fessionals.

These proposals comply with the report of the commission headed by Profes-
sor Constantin VROUSOS submitted to the Director General of Nuclear Safety
and Radioprotection in France on 2™ March 2004 [11].

5. Conclusion

The observation of low level of knowledge of CT prescribers in patient radiation
protection challenges the public health authorities and learned societies on the
need to train health professionals. The current upgrading of the imaging tech-
nical platforms of the main national hospitals as well as regional hospitals is
turning training needs into a real emergency. The lack of continuous training of
medical staff and patients on radioprotection is a disadvantage and a potentially
serious risk due to the diverse profile of the staff and equipment installed in
health services. In summary, our work resulted in recommendations focused on
initial and ongoing training to be developed, as well as organizational and regu-

latory aspects to be improved.
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Appendix

Survey sheet.

Evaluation of the knowledge of CT scan prescribers on patient radioprotec-
tion in Senegal

QUESTIONNAIRE

(Tick the answers that you think are correct)

Junior doctor/Senior (years of experience since the MD)........ Years

Ui e

HOSPItAL: . e

Do you prescribe CT scan? (Even occasionally) Yes[d No [

Which organ CT scan do you prescribe the mOSE............ccceeeverereneececncnns

When prescribing an CT scan, have you ever taken into account the bene-
fit/risk ratio related to x-rays? YesJ No O

When prescribing a CT scan, have you already informed the patient about the
risks associated with x-rays and the resulting benefit/ risk ratio? Yes ] No [

In your opinion, compared to the dose delivered for a chest X-ray (RT), the
average dose delivered during an abdominal pelvic is equivalent to:

OCT <RT

OI10RT > CT > RT

0100 RT > CT > 10 RT

1250 RT > CT > 100 RT

OCT > 250 RT

Knowing that the natural irradiation is about 2.5 mSv per year, how much do
you estimate the average dose delivered during an abdominal pelvic CT
scan? ... mSv

In your opinion and according to the latest consensus conferences, is there a
risk of developing radiation-induced cancer due to the dose delivered during a
single standard abdominal CT scan and if so, how high do you estimate this risk?

O None (= no risk of radiation-induced cancer for a single abdominal-pelvic
CT'scan)

0 1 per 1000 (= 1 in 1000 patients at risk of developing cancer due to the dose
received by having a single abdominal and pelvic CT scan)

O 1 per 50,000

O 1 per 100,000

011 per 500,000

Have you ever been trained on patient radioprotection? Yesl No[l

Have you once read a handbook on the proper use of medical imaging tests?
Yesd Nol

NB-Junior doctor = specialization in progress
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