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Abstract—The increase in medical imaging services has 
a significant impact on healthcare costs. The study analyses 
the dynamics of a number of medical imaging services in 
Latvia, Lithuania, and in England for comparison (2012-
2016), which shows that the number of medical imaging 
examinations increases in all the countries covered by the 
study. Moreover, there are significant differences in the 
application of those services in Latvia and Lithuania if 
compared to England, which may indicate to inefficient 
resource management and differences (or absence) of 
diagnostic guidelines. The following research methods have 
been used for the research: monographic or descriptive 
method and graphical method for visualisation, and analysis 
of visual information.
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I INTRODUCTION

      In recent years, the high and ever-growing costs of 
healthcare systems due to technological innovation and 
an ageing population are a significant and pressing issue 
in almost all economies [1], [2]. Diagnostics is an integral 
part of healthcare and provides a more accurate diagnosis 
of the type, cause, and severity of a disease. Diagnosis al-
lows for a more precise treatment plan [3]. The advances 
in medical technology in both diagnostics and treatment 
have contributed to a rapid increase in healthcare spend-
ing [4]. Expanding medical imaging services has a signif-
icant impact on healthcare costs, healthcare quality, and 
healthcare risks. As the number of 

radiological examinations increases, the risk of radioac-
tive exposure increases as well, which is not always ben-
eficial to patient care [5]. One of the strategic objectives 
of the World Health Organisation (WHO) is to ensure 
the availability, quality, and correct use of medical de-
vices (instruments). In May 2007, the WHO Assembly 
expressed concerns about the inadequate investment in 
healthcare technologies related to medical devices (in-
struments) that do not meet national priorities and are 
used irrationally or misused, thus wasting money [6]. The 
WHO states that the increase in the availability of medi-
cal devices would increase the number of imaging proce-
dures significantly [7]. Efficient use of resources (medi-
cal imaging instruments in this case) is discussed not only 
in terms of a number of examinations performed with 
one device but also in terms of a number of completed 
examinations per population in comparative economies 
(Latvia, Lithuania). The authors of the study assume that 

the higher performance corresponds with the worse effi-
ciency because it increases the overall cost of healthcare. 
The study uses data from public databases (such as NHS 
England, OECD), as well as the data received on demand 
from Latvia and Lithuania.

      The study was aimed at showing the differences be-
tween the number of medical imaging services in Latvia 
and Lithuania and the number of examinations performed 
with them compared to England that can indicate the effi-
ciency of the instrument use. To achieve the overall goal, 
the following tasks were set: 

1.	 Compare the number of medical imaging devic-
es and the number of examinations in the OECD 
countries.

2.	 Compare the number of examinations performed 
with medical imaging devices in Latvia and Lithu-
ania in comparison to England. 

     The study is based on the data from the Organisation 
for Economic Co-operation and Development (OECD) 
between 2012 and 2016 (or last published) [8]. In OECD 
statistics, data is available on a number of Computed To-
mography, Positron Emission Tomography (PET), Mag-
netic Resonance, whereas the data on most commonly 
used devices such as X-ray and ultrasound instruments 
have not been aggregated. The authors obtained data 
from Latvia (Center for Disease Prevention and Control), 
Lithuania (Hygiene Institute), and England [9]. There is a 
decentralised healthcare system in the United Kingdom, 
so only national data for England were used in the re-
search. The following research methods have been used 
for the study: monographic or descriptive method and 
graphical method for visualisation, and analysis of visual 
information. 

II RESULTS AND DISCUSSION

Modern medical imaging has direct benefits, which in-
clude more efficient surgical treatment, shorter stay in the 
hospital, elimination of diagnostic surgery, better cancer 
diagnosis and treatment, more efficient post-trauma treat-
ment, better stroke treatment, better heart disease treat-
ment, and rapid diagnostics of life-threatening vascular 
conditions such as mesenteric ischemia [10]. These ben-
efits require new imaging instruments and expand their 
use in diagnostic and treatment. Over the past decade, 
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imaging services and their costs have risen about twice as 
much as other healthcare technologies [10]. The most sig-
nificant number of Computed Tomography (CT) devices 
per million population (Table 1) is in Australia (62.95), 
while the smallest number is detected in Mexico (6.12). 
Hence, the number of imaging devices differs tenfold in 
OECD countries. In five countries (Luxembourg, Lithu-
ania, Austria, Iceland, and the United States of Ameri-
ca), the number of CT instruments has decreased. In its 
turn, an increase of 117% was observed in Chile reaching 
24.27 units per million population; an increase of 25% 
was noticed in France reaching 16.92 units per million 
population, an increase of 25% in Australia leading to 
62.95 units per million population.

TABLE 1
Computed tomography unit per million population [8]

Country T h e 
2 0 1 2 
year

The 2016 
year or 
last avail-
able

2016/
2 0 1 2 
(%)

Mexico 5.11 6.12 120%
Hungary 7.66 8.86 116%
United Kingdom 9.09 9.46 104%
Israel 9.1 9.71 107%
Netherlands 10.92 13.04 119%
Slovenia 12.64 14.04 111%
Turkey 13.53 14.53 107%
Canada 14.68 15.28 104%
Czech Republic 15.03 15.52 103%
France 13.49 16.92 125%
Luxembourg 24.48 17.14 70%
Ireland 16.74 17.24 103%
Slovak Republic 15.53 17.31 111%
Poland 15.4 17.33 113%
Estonia 17.39 17.48 101%
New Zealand 15.43 17.9 116%
Spain 17.19 18.26 106%
Lithuania 23.76 23.01 97%
Finland 21.8 24.2 111%
Chile 11.18 24.27 217%
Austria 29.77 29.07 98%
Italy 33.29 34.29 103%
Germany 34.01 35.17 103%
Latvia 32.44 36.23 112%
Greece 33.41 36.66 110%
Korea 36.93 37.8 102%
Iceland 40.53 38.76 96%
Switzerland 34.64 38.93 112%
Denmark 33.09 39.11 118%
United States 43.87 41.82 95%
Australia 50.48 62.95 125%

The largest number of Magnetic Resonance (MR) 
devices per million population (Table 2) is found in the 
United States of America (36.69), while the smallest 
number is found in Mexico (2.57). The number of MR 
devices differs 14 times in OECD countries. Only in two 
countries, the number of MR devices is declining, that is, 
Luxembourg and Iceland. The most substantial increase 
in the number of MR instruments was stated in Australia 
(160%), Chile (114%), France (56%), Poland, and the 
Slovak Republic (43%). 

TABLE 2
Magnetic resonance units per million population [8].

Country
The 
2012 
year

The 2016 
year or last 
available

2016/2012 
(%)

Mexico 2.16 2.57 119%
Hungary 2.82 3.97 141%
Israel 3.29 4.91 149%
United Kingdom 7.16 7.23 101%
Poland 5.49 7.87 143%
Czech Republic 6.95 8.52 123%
Slovak Republic 6.29 9.02 143%
Chile 4.41 9.43 214%
Canada 8.86 9.49 107%
Turkey 9.58 10.55 110%
Slovenia 8.75 11.14 127%
Luxembourg 13.18 12 91%
Lithuania 10.04 12.2 122%
Netherlands 11.82 12.8 108%
France 8.65 13.52 156%
Estonia 9.83 13.68 139%
Latvia 9.83 13.78 140%
New Zealand 11.12 13.85 125%
Australia 5.5 14.29 260%
Ireland 12.39 14.72 119%
Spain 14.77 15.92 108%
Iceland 21.83 20.87 96%
Austria 19.1 22.43 117%
Finland 21.61 25.48 118%
Greece 21.91 26.63 122%
Korea 23.37 27.81 119%
Italy 24.62 28.4 115%
Germany 28.66 34.49 120%
United States 34.44 36.69 107%

When comparing the loading of medical imaging 
devices in Latvia (data Center for Disease Prevention and 
Control Latvia)  and Lithuania (data Hygiene Institute 
Lithuania) in 2016 (Table 3), we can see that X-rays 
instruments are used 1.66 times more efficiently in 
Latvia than in Lithuania, CT instruments are used 1.14 
times more efficiently, while MR devices are used 1.07 
times more efficiently in Lithuania than in Latvia. USG 
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equipment is applied equally in both countries. 

TABLE 3
Number of examinations per medical imaging unit in 2016

Equipment Latvia Lithuania
highest value/ 
lowest value

X-rays 10.375 6.235 1.66
CT 4.923 4.337 1.14
MR 3.460 3.692 1.07
USG 1.766 1.759 1.00

The number of medical imaging devices cannot be the 
only comparator. One does not know the age of medical 
devices, whether end-of-life equipment is written off 
when new imaging devices are bought, which are safer 
for patients (reduced radiation time, reduced examination 
time [11]), or the use of those devices continues. It is 
quite important because the latest generation imaging 
instruments are more advanced and have better image 
quality, as well as less exposure for a human. Is 
equipping with medical technology based on a number 
of examinations and are the devices loaded maximally? 
In all three countries compared (Fig. 1, 2, 3), the total 
number of medical imaging services is growing, as well 
as the number of methods considered separately, id est., 
Magnetic Resonance (MR), Computed Tomography 
(CT), radiography (X-rays), and ultrasonography (USG), 
is increasing. 

Fig. 1. The number of examinations per capita in England (2012-2016 
year) [9]

Fig. 2. The number of examinations per capita in Lithuania (2012-
2016 year), (data Hygiene Institute Lithuania)

Fig. 3. The number of examinations per capita in Latvia (2012-2016 
year), (data Center for Disease Prevention and Control Latvia)

The total number of examinations is the largest, 
namely, 2.09, in Lithuania; the total number of 
examinations is 1.98 in Latvia and 0.74 in England per 
capita per year, Which is almost 3 times less than in 
Lithuania. Figure 4 illustrates the vast difference between 
England and Latvia, Lithuania in each type of medical 
imaging examination in 2016.

Fig. 4. The number of examinations per capita in 2016 year
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The increase in the number of examinations per 
capita over the five years (2012-2016) is observed in all 
the countries studied (Table 4-6). The fastest percentage 
growth is MR examinations in Latvia (+ 68%), Lithuania 
(+ 63%), and England (+ 40%), while the growth rate 

of CT examinations is the fastest in England (+ 40%), 
Lithuania (+ 29%), and Latvia (+ 15%). The number of 
X-ray examinations per capita in Latvia (+ 19%), England 
(+ 6%), Lithuania (+ 0.4%) as well as USG examinations 
are also increasing.

TABLE 4
Number of examinations per capita Latvia

   2016. y  2015.y  2014. y  2013.y  2012. y 
 2016.y/

2012.y (% )
 X-rays 1.13 1.02 0.99 0.93 0.95 119%

 CT 0.19 0.18 0.17 0.17 0.16 115%
 MR 0.05 0.04 0.04 0.03 0.03 168%
 USG 0.61 0.58 0.56 0.51 0.50 123%

TABLE 5
Number of examinations per capita Lithuania

2016. y 2015.y 2014. y 2013.y 2012. y
2016.y/

2012.y (% )
 X-rays 1.27 1.26 1.21 1.25 1.26 100.4%

 CT 0.10 0.09 0.09 0.09 0.08 129%
 MR 0.05 0.04 0.04 0.03 0.03 163%
 USG 0.68 0.68 0.71 0.64 0.62 109%

TABLE 6
Number of examinations per capita England

   2016. y  2015.y  2014. y  2013.y  2012. y 
 2016.y/

2012.y (% )
 X-rays 0.42 0.42 0.42 0.41 0.40 106%

 CT 0.09 0.08 0.08 0.07 0.06 140%
 MR 0.06 0.06 0.05 0.05 0.04 140%
 USG 0.17 0.16 0.16 0.15 0.14 119%

III CONCLUSIONS
       In most countries, the number of medical imaging 
devices is growing significantly, but there is a huge 
difference in access to common healthcare services among 
the OECD countries. A large number of examinations 
does not always indicate that the population has access 
to these examinations, as shown by the example of 
Latvia, where are long queues for state-funded imaging 
services. For instance, an individual must wait between 
50 and 180 days for an MR examination in Latvia [12]. 
To identify the productivity of imaging instruments 
precisely, one should study a number of examinations 
performed by each individual imaging device, as specific 
productivity will depend on a number of population at 
a particular location, where the device is installed. In a 
sparsely neighboured area, the productivity of imaging 
device can be lower than in a densely populated area. 
There are significant differences in the number of 
medical imaging services in Latvia and Lithuania if 
compared to England, so additional research is needed to 
compare this indicator in as many countries as possible 
so that correct conclusions can be drawn on the reasons 
why the differences in the number of examinations are 
so significant. The authors consider that the lack of 
precise medical guidelines in Latvia and Lithuania is 

the primary reason resulting in unjustified examinations 
being performed and medical imaging services being 
overused. The study [10] identifies the ways to tackle 
causes to reduce the overuse of imaging devices. The 
authors agree that the countries with a high number of 
medical examinations (such as Latvia and Lithuania) 
should develop evidence-based eligibility criteria, draft 
comprehensive guidelines, educate attending physicians, 
patients, and the public because patients demand imaging 
examinations (they have read about them or have seen 
advertising). It is also essential to introduce a payment 
reform for imaging services so that no payment is made 
for individual examinations, thus creating economic 
incentives. Providing maximum control over double 
examinations is crucial by ensuring a single database of 
all the examinations. All the countries are recommended 
to publish open data as well as to grant access to medical 
data for further scientific advancement to improve the 
efficiency of national medical services.
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