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PURPOSE

This study featured a survey that offers a snapshot of various teleradiology practices in Turkey, a
Group of Twenty country that has undertaken a major transformation of its health care system
during the last two decades and is currently the world leader in terms of the combined number
of per capita magnetic resonance imaging and computed tomography examinations performed
(which represent the bulk of teleradiology services worldwide).

METHODS

The study data was collected from 4736 Turkish Society of Radiology (TSR) members via an elec-
tronic platform in the web environment through a questionnaire consisting of 24 questions. The
survey was conducted in a 3-month time window (March-May 2021). Statistical tools were used for
the analysis of the quantitative data.

RESULTS

Responses from 156 members of the TSR comprised the study data, revealing that teleradiology
is used for various applications in Turkey. Almost half of the participants (49%) performed telera-
diology only in the private sector. Half of the respondents (51%) stated that they reported images
at home for multiple centers. Moreover, 38% of the participants had been reporting more than 50
examinations per day, and 74% of the respondents earned less than 0.50 Euro per examination they
reported. The overall satisfaction with teleradiology among the teleradiologists was, on average,
4.7 out of 10 points.

CONCLUSION

The results are both promising for the future (i.e., concerning the propensity for adopting new tech-
nology) and alarming for the current state of affairs (i.e., insufficient radiologist reimbursement and
lack of licensing and accreditation of teleradiology service providers). Periodic surveys performed
in countries with different health care systems concerning financial, technical, and medicolegal as-
pects might reveal an up-to-date landscape of teleradiology practices worldwide and help guide
local and regional decision-makers.
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eleradiology continues to progress in line with both the technological developments

and needs arising in the field of health care. It is now being used extensively in many

parts of the world, including Turkey. However, there is a paucity of data on how telera-
diology practices actually operate and whether these services are performed in accordance
with standards.

As of 2022, Turkey'’s population of 84.3 million people put this Group of Twenty (G20) coun-
try in 17" place out of 235 countries, with its population making up 1.1% of the entire world.’
Although a small part of the population uses extra coverage from private health insurance
providers, Turkey’s health care system is effectively “state-sponsored universal” —even en-
compassing the >4 million refugees in the country. The first comprehensive and fully digital
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departmental radiology applications in the
country started in 2001. Over the last two
decades, picture archiving and communica-
tion system (PACS) applications have spread
to nearly all hospitals, making up most of the
local teleradiology practice.

A bilingual (Turkish and English) electron-
ic health information system called e-Nabiz
(e-Pulse in English), which was developed by
the Turkish Ministry of Health in the last de-
cade, has become one of the more advanced
systems in the world. It collects all hospital
records, including imaging-based services,
across the country in a central database and
shares them with health care profession-
als and patients.? This is especially striking
in light of the fact that, according to data
from the Turkish Ministry of Health and the
Organization for Economic Cooperation and
Development, Turkey ranks first and second
in the world in terms of the number of mag-
netic resonance imaging (MRI) and comput-
ed tomography (CT) examinations per 1.000
people, respectively>* Currently, these two
imaging modalities make up the vast majori-
ty of teleradiology applications worldwide in
terms of the number of images reviewed. As
part of this Big Data environment and central
health care management, the first nation-
wide online radiological image distribution
project was implemented in 2014. By the
end of the first year, the coverage rate of the
project in public hospitals had reached 98%.°

The first standards on teleradiology were
published by the Turkish Society of Radiol-
ogy (TSR) in 2010.° An updated version of
the TSR standards was published in June
20217 Of the nearly 5.000 active working
radiologists in Turkey, the number engaged
in teleradiology is unknown. There is still no
licensing and accreditation of teleradiology
services, which remain outside of reimburse-
ment coverage through the universal health
care system in Turkey.

This study aims to obtain cross-sectional
information about the daily functioning of
teleradiology in Turkey from the perspective

* Teleradiology has different modes of use
due to rapidly changing requirements.

* In Turkey, teleradiology has permeated
health care services in diversified forms.

* Non-standard applications and low fees
emerged as the most important problems.

* Widespread use of questionnaires might
contribute to shaping the future of telera-
diology.

of one group of its major stakeholders (i.e.,
the radiologists) and to seek clues that reflect
the real picture in this G20 country. The re-
search also sets out to check the radiologists’
satisfaction level pertaining to the frame-
work of teleradiology services in Turkey and
to gauge how widely the standards of the na-
tional professional association of radiologists
have been adopted.

Methods

A questionnaire that consisted of 24
questions was designed by the researchers.
The researchers were four senior academic
radiologists who were all members of the
committee that prepared the TSR teleradiol-
ogy standards. A free web-based platform
was used for the survey templates and data
collection.® At the start of the survey, it was
explicitly stipulated that only “radiologists
currently practicing teleradiology” were sup-
posed to participate. This work was support-
ed by the TSR. Ethics committee approval
was received for the subject matter and the
content of the questionnaire. The study was
approved by the Ethics Committee of Dokuz
Eylul University (reference no: 2021/11-27:
05.04.2021). All participants were informed
of the aim and content of the study before
taking part in the questionnaire, and their
consent was obtained.

The respondents were asked to answer
questions about their age, their mode of
service (institutional vs. self-employed),
their experience in radiology, the telera-
diology infrastructure that was available to
them, and their practical experience with
teleradiology, including their teleradiolo-
gy-based income. The participants were
also asked to submit their opinions on the
advantages and disadvantages of telera-
diology. The survey link was sent through
the mailing list of the TSR to all member ra-
diologists (n = 4.736). Participants were in-
formed about the purpose of the question-
naire. Data were automatically saved in the
survey platform database. The survey was
conducted within a three-month time win-
dow (March—-May 2021). Free questionnaire
statistical tools were used for the analysis
of the quantitative data.® A 10-point Likert
scale was used to understand the respon-
dents’ satisfaction level, where 10 repre-
sented the highest satisfaction level and 1
the lowest. Free text fields were also avail-
able to obtain the participants’ opinions
on their satisfaction with and acceptance
of teleradiology. The survey is provided in
Appendix 1.

Statistical analysis

Descriptive statistics for the continuous
variables were calculated, and frequencies
and percentages were given for the cate-
gorical variables. The Shapiro-Wilk test was
used to check the normality assumption of
the continuous variables. The Wilcoxon rank-
sum (Mann-Whitney U) test was performed
to compare continuous variables between
groups. Pearson’s chi-square test was used
for the analysis of the categorical variables in
groups. A P-value of less than 0.05 was con-
sidered statistically significant. All statistical
analyses were performed IBM SPSS version
25.0 software (Chicago, IL, USA).

Results

In total, 153 radiologists participated in
the online survey. This number corresponded
to 3.2% of the 4,736 member radiologists of
the TSR The demographic data are given in
Table 1. Nearly half of the respondents (48%)
were radiologists with more than 10 years of
professional experience. The majority of the
participants (76%) were male, with a some-
what overrepresentation of the male radiol-
ogists (60%) among the TSR membership.'°
Moreover, 74% of the participants were from
non-academic centers. Three-quarters of the
respondents (75%) reported that they had
not received any teleradiology training, and
the majority (76%) were unaware of the TSR
Teleradiology Standards. Awareness of the
TSR Teleradiology Standards was found to be
statistically higher in the group with work ex-
perience of 4-9 years.

Almost half of the participants (49%)
performed teleradiology only in the private
sector (“private sector” denoted here also
covered the companies to whom imaging
services of public hospitals, or their report-
ing, were outsourced by the government).
Additionally, 28% of the participants were
working only in the public sector, while the
remaining 23% stated that they work in both
sectors.

When asked to reveal their workplace sta-
tus and coverage of teleradiology services,
half of the respondents (51%) stated that
they reported images at home for multiple
centers. The remainder performed teleradiol-
ogy on-site for a single center (17%), on-site
for multiple centers (14%), or at home for a
single center (18%).

Approximately half of the respondents
(51%) performed teleradiology services full-
time in their routine practice. The majority of
the participants (88%) had not given a writ-
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ten confirmation that they would perform
the teleradiology service according to certain
standards. While 38% of the participants had
been reporting more than 50 examinations
per day, 29% serviced 11-50 examinations
daily. In addition, 78% of the practitioners
of teleradiology stated that their patients
were not informed about their reports being
made via teleradiology. A further 58% of the
respondents could access their patients’ clin-
ical information at the time of reporting.

Half of the respondents (48%) could ac-
cess their patients’ previously archived imag-
es. While 65% of the participants stated that
the examinations they reported were from
other cities, 8% performed international re-
porting. According to the electronic survey
records, the participants were from 23 dif-
ferent cities. The majority were from Istanbul
(31.5%), Ankara (18.5%), lzmir (10.2%), and
Antalya (5.5%).

Only 18% of respondents stated that they
reported examinations with diagnostic mon-
itors; the majority of the radiologists pre-
ferred standard personal computer monitors
for reporting. Moreover, 35% of participants
used a simple or basic electronic signature.
In 37% of the reports, only the name of the
reporting person was written, without any
type of electronic or digital signature. Nei-
ther a signature nor a name was included in
the reports of 28% of the participants.

Approximately 74% of the respondents
stated that they earned less than 0.50 Euro
per examination they reported, while 13% of

the respondents received no fee-for-service
payment (their service was covered under a
fixed salary).

In total, 63% of the respondents’ telera-
diology service providers stored the radio-
logical images. For the rest of the respon-
dents, the acquisition site was responsible
for the storage.

Structured reporting was preferred by
most of the teleradiologists. However, a quar-
ter of radiologists provided narrative reports
with no differential diagnosis. Finally, 29% of
the respondents inserted diagnostic codes
(International Classification of Diseases, 10th
Revision) in their teleradiology reports. All of
the answers given for the “yes or no” survey
questions are given in Table 2.

The overall satisfaction with teleradiolo-
gy among the teleradiologists was, on av-
erage, 4.7 out of 10 points. Approximately
60% of the participants gave a score of 5
or higher. The mean values and statistical
analyses for the satisfaction levels accord-
ing to gender and affiliated institution are
given in Table 3. Satisfaction levels were
found to be higher among the female and
academic participants. Among the reasons
for the positive view regarding teleradiolo-
gy, the item “bringing additional income”
was the most frequently marked. The re-
sponse rates for the other options are given
in Figure 1. The statistical analysis showed
that significantly more female than male
radiologists believed that teleradiology
facilitated after-hours reporting. These re-

Table 1. Demographic data of the survey respondents

Number Percentage
Gender
Male 111 76.0
Female 35 24.0
Experience in radiology (years)
1-3 36 24.0
4-9 42 28.0
210 72 48.0
Affiliated institution
Academic 39 26.1
Non-academic 110 73.9
Training in teleradiology
Yes 37 24.8
No 112 75.2
Employer
Public 43 28.5
Private sector 74 49.0
Both 34 225
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sults are given in Table 4. Concerning the
negative views, the opinion that “Telera-
diology causes a cheap labor problem” (the
most obvious reason for dissatisfaction)
was more common among non-academ-
ic respondents (P = 0.017; Pearson’s chi-
square).

Among the free-text opinions in favor of
teleradiology were the following: “I use tel-
eradiology as an extension of my hospital’s
PACS. | can also access patients’ data which
makes my evaluation comfortable”; “Tel-
eradiology provides me a silent medium to
be concentrated and focus on images”; “In
pandemic conditions, teleradiology made
the normal workflow possible”; and “It is
the health system that makes teleradiology
unproductive, not the teleradiology itself”
Among the reasons given for the negative
view regarding teleradiology, the item “It
exploits labor” was marked the most. The
response rates for other options are given
in Figure 2. Some of the free-text opinions
against teleradiology were as follows: “Tel-
eradiology means low prices, poor quality”;
“I feel it will bring the end of radiology”; “Tel-
eradiology for me is too much effort without
a rational income”; “Teleradiology with this
fee means millions of meaningless reports”;
and “Reporting without previous images and
clinical data is a kind of Russian roulette.”

Discussion

A G20 country since the conception of this
group of the top 20 economies worldwide in
1999, Turkey has experienced controversial
paradigm shifts in health care services since
2002, some of which have been heralded as
international success stories.'" An import-
ant part of this transformation concerns the
procurement of some services, which also
significantly encouraged teleradiology appli-
cations. For example, the rate of outsourcing
of health care services in the public sector,
which was nonexistent in 2002, reached 80%
in 2012.>"3 The systematic promotion of eas-
ier access to health care services and the re-
sulting uncontrolled competition caused an
excessive increase in the number of CT and
MRI examinations performed.® During this
process, teleradiology was quickly adopted
and widely implemented, primarily due to its
cost-reducing effect. The importance of the
current study is underscored by its cross-sec-
tional depiction of teleradiology services
from the standpoint of teleradiologists in
an environment created by the major policy
shift that has occurred over the last two de-
cades.

Dicle et al.



As with many other technologies, tel-
eradiology has been found to fit different
roles and areas of use from its initially de-
fined functions due to rapidly changing
requirements and continuous technolog-
ical advances. The number of surveys that
have been conducted to understand this
evolution of the practice of teleradiology
in different countries and regions is surpris-
ingly small.”*'” When conducted with an ap-
propriate sample population, such surveys
can help reveal the bigger picture to a large
extent. Although the results of these survey
studies are not fully comparable due to the
different conditions, regulations, and poli-
cies among various countries and regions,

It gives an oppurtunity for a second opinion

It is time-independent

It provides high income

Itis a chance for additional income

It shorthens waiting time for reports

It is possible to prepare higher numbers of
reports with fewer radiologists

0%

their technical infrastructure and usage
concepts are comparable with global ap-
plications. Several remarkable results were
obtained in the current study that were not
addressed in other surveys,'*'” which were
not specifically aimed at practicing telera-
diologists.

In general, the practice of teleradiology in
Turkey has permeated the country’s health
care services in all of its forms of application
(i.e., on-site for a single center, on-site for
multiple centers, at home for a single center,
and at home for multiple centers). Among
the survey participants, the percentage of
those who provided teleradiology services
was close to half. However, due to the large

I 5%

I 29%

B 4%
N 59%
I 25%

B 10%

10% 20% 30% 40% 50% 60% 70%

Figure 1. Distribution of opinions in favor of teleradiology service. The distribution of the answers given
to the question, which was arranged as a sentence-completion activity. The reason(s) teleradiology was
viewed positively were selected. More than one answer could be given. Respondents chose the opinion that
was complementary to the following sentence: “I'm in favor of teleradiology service because...”

Table 2. Results of “yes or no” questions in the questionnaire

Question Number of Answer
respondents Yes (%)  No (%)

Do you work in an academic institution? 149 26 74
Did you get any training in teleradiology? 149 25 75
Do you perform teleradiology full time? 150 51 49
Are you aware of the TSR Teleradiology Standards? 143 24 76
Did you give a written confirmation that you will perform the
applications according to the standards when starting the 150 12 88
business?
Are pat.lents informed that their examinations are reported by 148 28 72
teleradiology?
Do you have access to clinical information at the time of 149 58 4
reporting?
Do you have access to the patient’s previous examinations at

. . 145 48 52
the time of reporting?
Are the images stored at the teleradiology site? 140 63 27
Do you use structured reports (that consist of technical data,
exam protocol, findings, results, and recommendations) in 147 66 24
teleradiology reports?
Do you insert any diagnostic code in teleradiology reports? 146 29 61

TSR, Turkish Society of Radiology.

number of service procurements, it was dif-
ficult to determine these rates exactly con-
sidering that radiology reports are given by
publicly employed radiologists through tel-
eradiology as part of the service provided by
the private sector.

As can be understood from the answers
of the participants, a significant amount
of patient and clinical data and archived
images can be accessed during teleradiol-
ogy applications. Insufficient integration of
clinical history is an important downside of
teleradiology in Turkey, identified in a re-
vealing 63% of responses in a 2015 study.'®
However, the current survey revealed that
the main complaint here was the low in-
come provided in return for the service ren-
dered. Moreover, although it was not asked
as a separate question in the survey, it was
known that the fees per review stated by
the participants were the same regardless
of the type of examination performed. The
number of daily reports per radiologist was
quite high, and high dissatisfaction regard-
ing the monetary return was evident. Nev-
ertheless, the most important motivation
for the radiologists to perform teleradiolo-
gy was cited as financial income. Low pric-
ing is expected to result in poor reporting
quality and dissatisfaction with teleradiolo-
gy. The latter point was clearly expressed in
the feedback received. This dramatic result
revealed that teleradiology can turn into
an abusive technological tool against the
background of health policies that priori-
tize quantity while ignoring adequate set-
up and implementation of regulations and
controls.

All of the regulatory and supervisory au-
thority pertaining to health in Turkey resides
with the Ministry of Health. However, no
training and certification program specific to
teleradiology exists in the country. Against
this background, the TSR has published tel-
eradiology standards to help radiologists
employ up-to-date standards,® which, unfor-
tunately, remained obscure to a significant
portion of the participants. This necessitates
increased activity on the part of the nation-
al professional association of radiologists to
propagate these standards.

As mentioned in a study by Karthiyay-
ini and Karthikeyan,'® an acceptable and
efficient teleradiology service in favor of
patients will only be possible with appropri-
ate public regulations. These arrangements
should be made with the participation of all
parties involved and in a way that prioritizes
the benefit of the patient. Continuous con-
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trol and improvement with the use and re-
vision of quality criteria should be essential.

This study has some limitations. First, it
only provides a snapshot of the situation
at a time point that coincided with the ex-
traordinary circumstances of the coronavirus
disease-2019 pandemic. Such a period natu-
rally entailed an accelerated transition to tel-
eradiology in many centers. However, some
norms that were being established during
the pandemic might well be long term, if not
permanent. The hybrid use of teleradiology
and on-site reporting for even in-house ser-
vices might well be one such norm, at least
for some centers. Obviously, trends in the
practice of teleradiology need to be moni-
tored by the use of surveys as well as other
tools. Another limitation of this study is the
relatively low number of respondents, who
made up approximately 3% of the potential

Reporting without clinical data is unsafe

The image quality is poor

It is uncomfortable to evaluate the patients
without previous exams

It exploits labor

It breaks my communication with clinicians

0

B3

pool. Nevertheless, unlike in similar stud-
ies,"*"” only radiologists actively performing
teleradiology participated in the current
study. The country-level participation rates
were similar when compared to those of oth-
er published surveys.'>'¢

The strengths of this study include the
specifically targeted population of practicing
teleradiologists (which is unique among pub-
lished surveys in the literature), the extensive
outreach performed through the TSR mailing
list (which essentially afforded the random-
ization of the sample), the diversified content
of the questionnaire (which captured various
implementations of the teleradiology prac-
tice), the balanced distribution of answer op-
tions for each question, the web-based data
collection (which provided easy access to
the survey by the participants), and the high
number of filled-out personal feedback areas

43%

32%

30%

78%

42%

10% 20% 30%  40% 50% 60% 70% 80% 90%

Figure 2. Distribution of opinions against teleradiology service. The distribution of the answers given to the
question, which was arranged as a sentence-completion activity. The reason(s) teleradiology was viewed
negatively were selected. More than one answer could be given. Respondents chose the opinion that was
complementary to the following sentence:“I'm not in favor of teleradiology service because...”

Table 3. Mean values of satisfaction levels in teleradiology practice

Mean rank P*

Gender
Male 67.05

0.010
Female 87.88
Affiliated institution
Academic 91.42

0.020
Non-academic 66.97

*Mann-Whitney U test.

Table 4. Distribution of the opinion that “Teleradiology facilitates after-hours reporting”
(second-ranking reason for satisfaction) by gender

Male Female
Teleradiology facilitates after-hours reporting n % n % P*
Disagree 92 80.0 23 20.0
Agree 19 613 12 38.7 0.020

*Pearson’s chi-square
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in the questionnaires. Another upside of this
study is that it was performed in a country
with the highest numbers of CT and MRI ex-
aminations worldwide (adjusted for popula-
tion), as these are the foremost subjects of
teleradiology.

In conclusion, this study revealed that tel-
eradiology in Turkey has a variety of applica-
tions and practices that are already shaping
the future of radiology services in this G20
country. It is hoped that this study, which
underlines the effects of the radical change
in health care policy in Turkey over the last
two decades, will be useful for future discus-
sions on this subject. The results are both
promising for the future (i.e., concerning the
propensity for adopting new technology)
and alarming for the current state of affairs
(i.e., insufficient radiologist reimbursement
and lack of licensing and accreditation of ser-
vice providers). Periodic surveys performed
in countries with different health systems
may help illustrate the current landscape of
teleradiology practices worldwide, and fi-
nancial, technical, and medicolegal research
also involving non-radiologists could be an
effective tool to help guide local and region-
al decision-makers.
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Appendix 1. Survey questions

How many years have you been a radiologist?

What is your gender?
Type of institution you work for: academics or non-academics

W=

Did you get any training in teleradiology?

[JYes [ No

Your employer in teleradiology: only state, only private sector, both?
6. Type of teleradiology performance: on-site, single center; on-site, multiple centers; at-home, single center; at-home, multiple centers?

v

7. What is the share of teleradiology in your routine radiology service: full-time or part-time?

8. Are you aware of TSR Teleradiology Standards?
[JYes [ No
9. Did you give a written confirmation that you will perform the applications according to the standards when starting the business?
[JYes [ No
10. How many exams do you report with teleradiology per day?
[11-5, [J6-10, [111-50, [151-100, []1100+
11. Are patients informed that their examinations are reported by teleradiology?
[JYes [ No
12. Do you have access to clinical information at the time of reporting?
[JYes [ No
13. Do you have access to the patient’s previous examinations at the time of reporting?
[dYes [ No
14. Reporting site: home, office, imaging center, hospital?
15. How far is the image acquisition from your reporting site: at the same site, within the same city, another city, another country?

16. What kind of monitor are you using in teleradiology reporting: standard PC, high-resolution PC, diagnostic?

17. How do you sign your report: fresh signature, electronic signature, only name, unsigned?

18. How much you are paid for each teleradiology exam report:
[10,1-0,5, [10,6-2, [12-5, [15+euros?
19. Are the images stored on the teleradiology site?
[Yes [ No
20. Do you use structured reports (consists of technical data, exam protocol, findings, results, and recommendations) in Teleradiology reports?
[1Yes [ No
21. Do you insert any diagnostic code in teleradiology reports?
[1Yes [ No

22. What is your satisfaction level with the Teleradiology Service? (10 point scale)

23. I'min favor of Teleradiology Service because it

- gives an opportunity for a second opinion

- is time-independent

- provides high income

- is a chance for additional income

- shortens waiting time for reports

- is possible to prepare higher numbers of reports with the fewer radiologist

24. I'm not in favor of Teleradiology Service because
- reporting without clinical data is unsafe
- the image quality is poor
- I'm unable to reach patients’ previous exams
- it exploits the labor
- I'm unable to communicate with the patients’ physicians
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