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Abstract: Introduction: In recent years, several hospitals have incorporated MRI equipment managed
directly by their cardiology departments. The aim of our work is to determine the total cost per
test of both CT and MRI in the setting of a Cardiology Department of a tertiary hospital. Materials
and Methods: The process followed for estimating the costs of CT and MRI tests consists of three
phases: (1) Identification of the phases of the testing process; (2) Identification of the resources
consumed in carrying out the tests; (3) Quantification and assessment of inputs. Results: MRI
involves higher personnel (EUR 66.03 vs. EUR 49.17) and equipment (EUR 89.98 vs. EUR 33.73) costs,
while CT consumes higher expenditures in consumables (EUR 93.28 vs. EUR 22.95) and overheads
(EUR 1.64 vs. EUR 1.55). The total cost of performing each test is higher in MRI (EUR 180.60 vs. EUR
177.73). Conclusions: We can conclude that the unit cost of each CT and MRI performed in that unit
are EUR 177.73 and EUR 180.60, respectively, attributable to consumables in the case of CT and to
amortization of equipment and staff time in the case of MRL

Keywords: computed tomography; magnetic resonance imaging; cardiology; cost measures; cost analysis

1. Introduction

The constant increase in healthcare spending by the most developed countries, due
to various factors such as the ageing of the population or the high cost of technological
advances in this field, has raised doubts about the sustainability of public healthcare
systems [1,2]. Economic evaluation in healthcare has thus become essential when it comes
to allocating limited healthcare resources to achieve the maximum possible benefit, in this
case people’s health, at the lowest cost, helping in the design and choice of healthcare
policies that specify the healthcare needs to be covered, the degree of coverage provided
and the type and volume of resources to be used [3].
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From the clinical point of view, in recent decades, the use of waveform imaging
has become more widespread. One of the fields where its use is growing the most is
cardiology, especially diagnosis by computed tomography (CT) and magnetic resonance
imaging (MRI), mainly because they are non-invasive tests that provide versatility and the
capacity to produce detailed images of the heart, which favors precision in diagnosis; they
are also currently the reference tests for the study of the morphology and functioning of
the heart [4,5].

This widespread use and the increase in tests requested make more efficient use
of cardiac imaging mandatory in a multidisciplinary unit in which cardiologists and
radiologists participate and that work exclusively for the diagnosis of cardiovascular
pathology. In this search for efficiency, the Spanish Society of Cardiology and the Spanish
Society of Medical Radiology published a joint document in 2016 in which they proposed
the creation of multidisciplinary cardiac pathology committees in charge of establishing
protocols to improve the quality and efficiency of the magnetic resonance [6].

CT and MRI have different advantages and disadvantages, and therefore the indication
to perform one exam or the other depends on what is needed to be evaluated and what
cardiac pathology is being looked for or suspected. Thus, computed tomography, due
to its high spatial resolution, allows adequate visualization of structures as fine as the
coronary arteries, and can also evaluate cardiac function and the rest of the cardiac and
thoracic anatomy. MRI has high temporal resolution, making it a great test for assessing
cardiac function. It provides information on perfusion, myocardial viability, areas of
fibrosis, abnormal deposition of substances in the myocardium. It also performs flow
measurements, with which it is possible to quantify valvular pathology and evaluate
functional compromise in operated congenital pathologies [7,8]. It must be said that for
some authors, CT and MRI technologies are complementary rather than substitutive [9].

Faced with the pressing need to reduce waiting times and increase the number and
quality of tests, several hospitals have in recent years incorporated MRI equipment man-
aged directly by their cardiology services. In this regard, a study by Barreiro Pérez et al.
reports data from the first CMR unit installed in Spain which began operating in July 2014
at the University Hospital of Salamanca. This work yields a series of results similar to those
of other studies carried out in Germany and the United Kingdom, the main conclusion
being that the installation and management of an MRI unit in the cardiology department
of a hospital improves care practices and helps to reduce waiting lists. In addition, it
enables the effective participation of the service’s professionals, improves training and
favors research [5].

In 2019, the Hospital Clinico Universitario located in the Euroregion Galicia—North
Portugal implemented an imaging unit with MRI and CT equipment managed directly by
the cardiology service; it is called the Advanced Cardiovascular Imaging Unit (UICVA).
The main objective of this manuscript is to determine the total cost per test of both CT and
MRI in the setting of a Cardiology Department of a tertiary hospital.

2. Materials and Methods
The process followed for estimating the costs of CT and MRI tests consists of three steps:

1. Identification of the stages of the testing process: after analyzing the general process
through which testing is carried out, the following stages were identified:

(a) Requesting the test: regardless of the patient’s origin (outpatient, inpatient or
unscheduled), the process begins with a request by a cardiologist or surgeon for
an MRI or a CT scan.

(b) Assessment and planning of requests: requests are assessed and filtered to deter-
mine the appropriateness of the test by a cardiologist with expertise in advanced
cardiovascular imaging. In this way, a better selection and prioritization of re-
quests is achieved, avoiding the unnecessary performance of complementary
tests that do not involve changes in clinical decision-making [10].
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(¢) Appointment and scheduling of patients: an administrative staff member makes
appointments for outpatients.
(d) Conducting the test: this stage is further subdivided into several parts:

i.  Preparation of the patient. The patient is received in the UICVA by the
nursing staff. Patient preparation includes weighing and measuring the
patient, arranging the signing the informed consent form, administering
the necessary premedication and positioning the patient on the stretcher.

ii. Imaging: performed by radiology technicians and nurses.

iii. Removal of the patient by the nurse and the radiology technician.

iv.  Observation time, for patients who have had contrast administered, for
30 min.

(e) Preparation of the report by a cardiologist and a radiologist.

Identification of the resources consumed in the performance of the tests: cost analysis
was carried out from the perspective of the health sector [11] so that the resources,
material and human, necessary to carry out the tests [12] are taken into account,
without including the costs supported by the patient (travel to the hospital, loss of
working hours, etc.) or social costs, which usually only add complexity without
modifying the results already provided by the previous analysis [13]. The costs
incurred in the different phases of the testing process are classified by distinguishing
between personnel costs (by professional categories: medical, non-medical healthcare
and non-healthcare) and operating costs (consumables, equipment and others). In
turn, within each category, a subdivision is made according to the nature of the
resources consumed.

Quantification and valuation of consumption: Once the different types of resources
consumed in carrying out the tests are identified, they must be measured (in physical
units) and valued (in monetary units).

(a) Personnel costs: in this case, it is necessary to establish the average time spent by
each professional involved in the performance of the tests [14]. To this end, the
time spent by the different workers involved in each of the phases related to each
test was timed for a random sample of 36 patients attending the Hospital Clinico
Universitario de Santiago in April and May 2021. Given that both MRI and CT
are used in different protocols, we collected the data corresponding to each of
them; although, as there were no significant differences, we opted to estimate
the overall average time. In addition, given the impossibility of timing some of
the phases, the times were standardized according to the data published by the
National Institute of Health INSALUD). Table 1 summarizes the average times
obtained for each phase of each test.

In regard to the times showed in Table 1, it should be noticed that given the
configuration of the UICVA and the established protocols, the X-ray technician
has to control the way in which the process is carried out, and it is not possible to
acquire several images at the same time or perform another specific task, so this
time includes an opportunity cost. However, it should be noted that our times
(and therefore our personnel costs) are significantly lower than those obtained in
other studies, such as that of Ten Roldan et al., which makes us assume that it is
a common practice in the Spanish healthcare system [15]. On the other hand, the
consultants only make the request for the test, while the coordinating cardiologist
assesses the appropriateness of the request and makes the final report.

Once the time spent by the different professionals in the performance of each test
is measured, we proceed to their valuation for which, following Alonso Alperi, we
base ourselves on the gross salaries corresponding to each professional category
and the annual working day [14]. Based on the data provided by the Euroregion
Galicia—North Portugal for the year 2022, the cost per hour for each professional
category is calculated. The calculation of the costs of the personnel involved
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in each of the phases/activities associated with the performance of the tests is
carried out by standardizing the cost by 1 h time periods.

Cost of fungibles: with regard to the evaluation of the consumption of fun-
gible materials (medical material, non-medical material and pharmaceutical
products), based on the data provided by the hospital itself, we determined a
total cost of fungibles of EUR 129,382.28 in the case of CT and EUR 31,004 for
MRI. The main difference between the two is due to pharmacological products
(EUR 113,610.28 vs. EUR 15,232).

Equipment costs: three components are distinguished within these costs: depre-
ciation cost, operation and maintenance cost and opportunity cost.

i

ii.

iii.

iv.

For the calculation of the depreciation cost, the use of a financial method
of depreciation is recommended in healthcare economic evaluation [13,16].
Furthermore, an estimated useful life of 8 years is considered for radiolog-
ical equipment as this is the useful life generally assigned to this equip-
ment [17] with a residual value of zero. As for the interest rate, we chose a
discount rate of 3% as this is the rate commonly used in the literature [14,16].
With regard to the cost of operation and maintenance of the equipment, in
the case of our hospital, this cost usually ranges between 7% and 8% of the
value of the investment, so for the present analysis, we use the average of
both (7.5%) [14].

We refer to the opportunity cost of the capital invested in this equipment. Its
consideration seeks to reflect the opportunity loss of investing that capital
in other projects by applying an interest rate to the total capital invested. In
the specific case of the Galicia—Northern Portugal Euroregion, there is no
such opportunity cost since the technological park installed in the northern
geographical area of the Galicia-Northern Portugal Euroregion is one of the
oldest in Spain and therefore any renewal or incorporation is necessary [18].
The cost of fixed assets (i.e., equipment) is calculated taking into account
which part corresponds exclusively to the Cardiology Service and the pro-
portion that corresponds to each test: 42% of the tests performed per year
correspond to MRI and the remaining 58% correspond to CT. We distinguish
between specific equipment for each type of test and general equipment.
In regard to the former, it includes Revolution CT GEHC Computed To-
mography and CT contrast equipment for CT and MRI “Signa Architect
3.0 T” and MRI contrast equipment for MRI. General equipment includes
arrest trolley, defibrillator, infusion pumps, sphygmomanometer, pulse
oximeter, IV/multifunction trolleys, oxygen flowmeters, suction vacuum
gauges, patient chairs, patient chairs, computers, etc. Both categories are
considered in the calculation of the annual depreciation cost.

Firstly, we compute the annual depreciation cost by taking into account
the purchase price of the equipment, an estimated life of 8 years, and a
discount rate of 3%. Since the equipment is not used exclusively by the
cardiology service, it is necessary to determine the portion of the cost
of amortization that corresponds to the tests under study. To make this
allocation, we consider that the most appropriate allocation key is the time
of use of the equipment. Therefore, we divide the annual depreciation
cost over the annual hours of use of the equipment and then multiply the
cost per hour by the number of hours that the cardiology service used
the equipment. In addition, the annual depreciation cost of the remaining
equipment corresponding to the cardiology service is divided between CT
and MRI depending on the number of tests performed (i.e., in this case,
we make a second distribution using the percentage represented by each
type of test with respect to the total number of tests corresponding to the
cardiology service as the distribution key). Finally, the annual depreciation
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cost obtained for CT and MRI is divided by the total number of tests
performed to obtain the cost per test.

(d) Overhead costs: these are estimated by distributing the overhead costs (electricity,
water, etc.) in our hospital, allocating the corresponding amount to the imaging
tests according to the physical space within the hospital and the number of
tests performed.

(e) Social costs:

(1)  The cost of the trip (which corresponds to the patient’s displacement to the
hospital) is calculated from the average distance between the parish to the
hospital. In the territory of GOVERNMENT DECRET, the average is set at
3.92 km [19], which is multiplied by 0.19 euros/km to calculate the cost of
this distance (Presentation for the Workshop on Regional Funding, 2015).

(2)  The cost of the time invested in the trip to the hospital to attend the ex-
ploration is estimated from the weighted mean time for our health area
(39,084 min). To this time, the average duration of the exploration activities
is added (157.23 min for CT and 188.58 min for MRI), as well as the time to
park and arrive at the consultation area (another 20 min), so the total time
is 177.23 min for CT per patient and 208.58 min per patient for MRL

o  For the working-age population, the cost is estimated taking into
account the average gross income of the worker (18,768.21 euros/year)
and the unemployment rate (12%) in our health area as of 31 December
2022) [20]. On the other hand, leisure time is valued at 47% of the cost
of working hours [21].

e  For the retired population, the cost is estimated taking into account the
percentage of people aged 65 or over who perform volunteer work ac-
cording to the CIS-IMSERSO study (2.3%) [22]; those dedicated to car-
ing for grandchildren according to the study “Living Conditions of the
Elderly” carried out by the Sociological Research Center (22.6%) [23],
and the Public Indicator of Multiple Effects Income (IPREM).

(3) The cost of time on the waiting list is analyzed based on the study by
Propper et al. [24], valued at GBP 38.89 (in 1987) for each month. Transferred
to 2022 in euros, they correspond to EUR 128.30.

(4) Waiting time (as of 31 December 2022) for CT scanning in the Radiology
Department: 79.8 days; the Cardiology Department: 24.4 days. For MR,
the waiting time in the Radiology Department: 65.2 days; the Cardiology
Department: 24.4 days.

(5)  The cost of pollution from private motor vehicle travel by road. A signifi-
cant part of transport studies focuses on carbon dioxide (CO;) emissions
and, in turn, CO, emissions are directly related to fuel consumption and
fuel efficiency [20,21]. Chester and Horvath (2008) estimate that the total
emissions of a passenger car are 0.36 kg CO; per passenger and mile [25].
The cost of CO, emissions is EUR 0.0770235 per gram [26].

The Cobb-Douglas function presents the following form [27]:
TC = axP1xf2... xBr,

where Xj, X; and X, represent the total cost and the different costs, and «, 51, B> and B,
are constants.
The model was linearized by calculating the natural logarithms on both sides of
the equality:
InTC =By + B InX, + B,InX,
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Table 1. Average times taken by staff to carry out the tests.

Time Spent
Stage Staff
CT MRI
Request for test Consultant 45 45’
Assessment of the test Coordinating cardiologist 30/ 30/
Patient appointment Secretary 232" 232"
Nurse 12'57" 1724"
Preparation of the patients
X-ray technician 931" 7'51"
Nurse 46" -
Image acquisition
X-ray technician 7'45" 1h21'43"
Nurse 2/29" 2/54"
Removal of the patient
X-ray technician 2/29" 2/54"

ullrr

h: hours, “/”: minutes; “"’”’: seconds.

For the two models ((1) CT Costs; (2) MRI Costs), the equations proposed are the following:
In TCCT = By + B1 In Cost of Staff + B2 In Cost of fungible materials + B3 In Cost of equipment, 1)
In TCMRI = By + By In Cost of Staff + By In Cost of fungible materials + B3 In Cost of equipment. (2)

Each of the Beta coefficients of the previous function represents the partial elasticities
of each variable, showing the weight of each variable in the total cost. It allows evaluating
the possible existence of economies of scale (EE). The economies of scale are calculated by
adding the partial derivatives of the cost function:

EE <1 presence of economies of scale,

EE =1 constant returns to scale,

EE > 1 presence of diseconomies of scale.

In order to overcome the risk of overfitting due to the small sample obtained (al-
though it represents 100% of the universe of patients in the hospital under study), the
Cobb-Douglas regression was performed with a bootstrapping procedure. Bootstrapping
is an internal validation method that is ideal for small samples [28]. The aim of boot-
strapping is to replicate this procedure by sampling within the study population, with
replacement to create more learning subgroups [29]. In each bootstrap sample, data are ana-
lyzed as in the original study sample, repeating each step of model development, including
predictor selection strategies. The bootstrap sample repetition process was performed
10,000 times [30].

3. Results

A total of 565 MRI and 1018 CT scans were performed in 2021. As indicated above, the
costing process started by identifying the different types of resources consumed in perform-
ing the tests (e.g., staff, consumables, equipment, general costs); then, consumption was
quantified and valued in monetary units by applying different valuation criteria. The results
are presented in Table 2, which shows the costs for both tests in the Cardiology Department.
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Table 2. Cost calculation per CT and MRI test.
CONCEPTS CT MRI
Staff EUR 49.17 27.67% (100%) EUR 66.03 36.56% (100%)
Consultant EUR 39.77 22.38% (80.88%) EUR 39.77 22.02% (60.23%)
Nursing EUR 8.91 5.01% (18.12%) EUR 25.77 14.27% (39.02%)
Other EUR 0.49 0.28% (1.00%) EUR 0.49 0.27% (0.75%)
Consumables EUR 93.28 52.49% (100%) EUR 22.95 12.71% (100%)
Medical devices EUR 6.95 3.91% (7.45%) EUR 6.95 3.85% (30.27%)
Non-Medical EUR 0.01 0.003% (0.006%) EUR 0.01 0.003% (0.023%)
devices
Pharmacy EUR 86.33 48.57% (92.55%) EUR 16.00 8.86% (69.70%)
Equipment EUR 33.73 18.98% (100%) EUR 89.98 49.82% (100%)
Depreciation EUR 31.64 17.80% (93.83%) EUR 84.42 46.74% (93.83%)
Maintenance EUR 2.08 1.17% (6.17%) EUR 5.56 3.08% (6.17%)
General Costs EUR 1.55 0.87% EUR 1.64 0.91%
Cost per test EUR 177.73 100.00% EUR 180.60 100.00%

CT: Computerized Tomography; MRI: magnetic resonance imaging. In bold is represented the total of the
following items.

For each test, consumables represent the highest expenditure in CT (52.49% of the
total) due to the high unit cost of the contrast used for the tests (accounting for more than
92% of the total in this category). In the case of MR, the greatest expenditure is generated
by equipment (49.82%), fundamental amortization of equipment (46.74%), and staff time
(36.56%), which is mainly the time of medical staff (22.02%) and non-medical staff (14.27%)
due to the longer duration of the test.

In Table 2, the personnel involved in the tests was classified according to the criteria
established by the hospital, differentiating three categories: medical staff (consultant
and coordinating cardiologist), non-medical staff (nurse and X-ray technique) and other
(secretary). The low cost of “Other” is due to the fact that the secretary’s salary is low and
they spend little time on the tests under study.

The cost structure of both tests was compared as the total cost is similar (approximately
EUR 180/test), although the composition of the cost structure is very different. MRI
involves higher personnel (EUR 66.03 vs. EUR 49.17) and equipment (EUR 89.98 vs. EUR
33.73) costs, while CT requires higher expenses in consumables (EUR 93.28 vs. EUR
22.95) and overheads (EUR 1.64 vs. EUR 1.55). The total cost of each test is higher for
MRI (EUR 180.60 vs. EUR 177.73). As can be seen, the amortization of the equipment
is more important in MRI (46.74% vs. 17.80%) due to its higher cost and time of use
throughout the working day. In CT, it is drugs that represent the greatest expense for each
test (48.57% vs. 8.86%). On the other hand, in both tests, general costs, the cost of non-
medical consumables and the cost of non-medical personnel have a very small influence on
the total cost of the tests.

Table 3 shows the results of the Cobb-Douglas function for the two models. In the
first model (CT), the variables with the highest level of explanation of the total cost are
Cost of Equipment and Cost of Staff. With respect to the second model (MRI), the variable
that explains the total cost to a greater extent is the Cost of Staff associated with the Cost of
Equipment. It should also be noted that the cost of consumables has a greater weight in the
MRI cost function than in TC. Because of the singular contribution of MRI to functional
studies, we can hypothesize that the greater impact of specialized personnel costs in the
MRI function compared to that of CT may be due to the dual ability of MRI to perform
both morphological and functional studies.
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Table 3. Co-b-Douglas cost function analysis type of patient.

CT MRI
Constant 2 0008,
(0.002) (0.008)
31.100 35.826
Cost of Staff (0.000) (0.000)
. . 21.756 25.214
Cost of fungible materials (0.000) (0.000)
, 38.662 31.296
Cost of Equipment (0.000) (0.000)
F 0.000 0.000
R2 0.883 0.970
DW 1.711 1.636

Due to the unique contribution of MRI to functional studies, we can hypothesize that
the greater impact of specialized personnel costs in the MRI function compared to CT may
be due to the dual ability of MRI to perform both morphological and functional studies. In
the case of the costs associated with the consumption of consumables, the difference in the
influence on the final cost is mainly due to the contrast used, iodine for CT and gadolinium
for MRI.

Based on the results of the Durbin-Watson test, there are no autocorrelation prob-
lems for any of the two models. Likewise, the hypothesis of non-existence of collinearity
is accepted.

Regarding the existence or not of economies of scale (EE), diseconomies of scale are
observed both in Model (1) for CT and Model (2) for MRI.

The fact that r is greater than one suggests that despite the size of these units and the
conditions under which they operate, the possibility of lowering their production costs
is not absent in the production process because they operate at sub-optimal points. This
means that if production can be raised, they can approach the minimum efficient scale of
the equipment.

Table 4 shows the societal costs per patient for each scan, both CT and MRI. The costs
are the same except for the cost of the total scan time. It is striking that the highest amount
of these costs is the contamination costs for travel to the hospital for the tests.

Table 4. Social costs per test.

Social Costs CT MRI

Travel 8.99 8.99

Test Time 14.13 16.61
Waiting Time 104.35 104.35
Pollution 879.08 879.08

Finally, a quantifiable benefit is the reduction in waiting times for examinations if CT
and MRI scans are managed by the Cardiology Department compared to the Radiology
Department. Thus, the cost of the waiting time in Radiology for CT would be EUR 341.27,
and for MRI it would be EUR 278.83, while the waiting time in the Cardiology Service for
both technologies would be EUR 104.35.

4. Discussion

The results of our study analyze the costs associated with the performance of CT and
MRI by our Cardiology Department at the University Hospital located in the Galicia—North
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Portugal Euroregion, analyzing the flow of patients and quantifying the consumption of
resources that provided the final calculation of the cost of each test. Our results confirm
that both tests have a very similar cost, around EUR 180, but this cost, while in CT is mainly
due to the use of contrasts, in MRI it is due to the amortization of the devices, which is
much more expensive, and staff time due to the longer duration of the test.

Although the total cost/test ratio is similar, there are important differences in the
composition of the direct costs of performing the two tests which have relevant implications
for the economic and medical management of the service. For example, we see that the cost
of equipment is much higher for MRI than for CT (its weight in the total cost is almost three
times higher for MRI compared to that for CT) due to the higher cost of MRI equipment,
but also to the fact that this equipment is used by the cardiology service for more hours
per day than CT equipment. In addition, MRI has higher personnel costs than CT. As
these are both fixed costs and therefore difficult to change in the short term by healthcare
managers, these differences should be known and analyzed from the point of view of
service management in order to improve operability (less waiting time, less repetition of
tests, better triage, etc.). On the other hand, the fact that in the case of CT the main cost
component is the consumption of consumables (a variable cost on which health managers
have a greater capacity to act) allows a very different approach to be taken when making
decisions on the management of the service. Ultimately, it is the analysis of the composition
of the costs of each test, rather than the overall result, that allows managers to improve
their decision-making in this area.

After a thorough literature review, we found that our results represent a better approx-
imation to the costing of both tests, as discussed below, and therefore a valuable source
of information for healthcare managers. In any case, it should be borne in mind that the
results of the economic evaluation do not constitute a decision rule, but should only serve
as a guide to decision-making, and it is very important to decide the clinical role that each
complementary test plays in the decision-making process of the specialist attending the
patient. In the particular case of coronary artery disease, the main indications for which CT
and MRI are used are various diagnostic strategies such as coronary angiography, which
are available in addition to CT and MRI. In clinical practice, 60% of angiographies do not
show evidence of coronary lesions, and therefore entail a cost and, above all, a risk for the
patient as it is an invasive test, so it is very important to identify the correct sequence of
complementary tests based on their efficacy, safety and cost [31].

Our results represent a better approximation than conventional cost analyses that
are based on theoretical models and that globally assume the costs attributed to a given
syndrome, such as the work of Yin Ge in patients with chronic ischaemic heart disease [32],
without taking into account the explicit costs of each test performed individually. In this
sense, our work adds the value of obtaining all the costs explicitly associated with the
patient flow in the diagnostic process of both CT and MRI managed by a Cardiology Service,
providing real results and not those based on cost assumptions. In this sense, Terpenning
et al. are critical of analyses such as ours, as they consider that real costs may be dependent
on external factors, such as practice, location of the center, inpatient or outpatient setting
or the role of insurance companies in countries such as the United States [33] 17; however,
although we recognize that our analysis could probably be replicated in each country, and
we believe that the actual costs may be dependent on external factors, such as practice,
location of the center, inpatient or outpatient setting or the role of insurance companies
in countries such as the United States [33], our analysis should probably be replicated in
each individual health system to adapt it to its real environment. Such approach is much
closer to reality, and decision-making including the efficiency of diagnostic systems will be
more correct based on a model such as ours and not on a more theoretical model in which
theoretical average costs are imputed, as in the work of Kozor et al. [34].

This type of economic analysis directs expenditure towards elements that do not
generate it, at least not in such a significant way. Our study showed that CT scans cost EUR
177.73 each, mainly attributable to the consumption of consumables (which accounted for
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54.49% of the total), followed by the cost of personnel (27.67%). However, other studies
such as that of Ten Roldan et al., carried out in Valencia and based on theorized models,
showed that most of the cost was generated by personnel, constituting 72% of the total cost,
followed by equipment (16% of the total), while consumables only represented 9% of the
cost of the test; this difference cannot be justified simply by the difference in remuneration
as it is not justified between two Health Services in our country, so the difference lies in the
different economic model used for the analysis. On the other hand, in a similar analysis,
Yarahmadi et al. concluded that most of the cost corresponds to the depreciation of capital
equipment attributable to equipment breakdowns, disproportionate and excessive use of
equipment and equipment maintenance [35], which also does not seem to be in line with
reality, especially in a health service such as the Galician one, where the equipment is the
oldest in Spain [18].

In the case of MRI, the unit cost was EUR 180.60, very similar to that of CT, but this cost
was generated by equipment depreciation (49.82%) and staff time (36.56%). Here, again,
we find discrepancies due to the use of simulation-based analytical accounting models
such as Centone et al. who, despite including direct costs and overhead costs, without
taking into account indirect costs, obtained a higher unit cost per test than ours [36]. Our
argument that simulation models are overused without recourse to real data is reinforced by
a recently published systematic review by Pandya et al., which concludes that the majority
of published studies are actually based on simulation models [37].

In a study by Paquette and Lin [38], the total reduction in emissions of environmental
pollutants from passenger cars, including carbon dioxide, carbon monoxide, nitric oxides
and volatile organic compounds, was 1632 kg, 42.867 g, 3160 g and 4715 g, respectively, with
a total of 194 gallons of gasoline saved; although, unlike our study, it does not incorporate
an economic quantification of the cost or savings of reducing the level of air pollution.

In view of the above, we consider that our cost analysis is methodologically much
more solid than what has been published to date, including indirect costs and general
costs which not all authors agree to include [11] 8 but which undoubtedly enrich and give
solidity to the conclusions obtained [15]. Moreover, the interest in this type of analysis is
growing, as healthcare spending has increased in recent decades in developed countries,
making efficient resource management a priority. In this sense, given the lack of similar
studies that perform an economic analysis of CT and MRI in cardiology due to the novelty
of a cardiology service directly managing an imaging unit, the present study is a first
approximation to the calculation of the costs of these tests and, therefore, a valuable source
of information for health managers.

Despite these strengths, our work is not without limitations. On the one hand, some-
times, aspects such as the management of test requests, the assessment of test indications,
or the preparation of reports had to be estimated on the basis of the data published by
INSALUD, as it was impossible to measure them; we do not believe that this limitation
invalidates our results, as we used the data published by the Health Service itself; in
any case, we could be somewhat more precise, but we do not consider that this would
significantly change the results.

Undoubtedly, our work opens the door to future analyses, such as the comparison
of costs in the current UICVA compared to those generated in the performance of the
same tests before the creation of the Unit, even if its creation was not aimed at reducing
these costs. Another element to be added would be the analysis of the costs borne by the
patient, as well as the social costs, which in this study we have decided to eliminate as
mentioned above. Finally, another possible extension of the present analysis should include
a cost-benefit or cost-effectiveness analysis, taking into account the medical and economic
outcomes (effects) that improve the patient’s care process [31].

5. Conclusions

In light of the above, we can conclude that in the context of the growing importance
of economic evaluation in the healthcare field for decision-making, our work represents a
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first approximation to the calculation of costs associated with the performance of CT and
MRI scans managed by a Cardiology Department and a valuable source of information
for healthcare managers. Furthermore, we were able to conclude that the unit cost of
each CT and MRI scan performed in this unit is EUR 177.73 and EUR 180.60, respectively,
attributable to consumables in the case of CT scans and to the amortization of equipment
and staff time in the case of MRI scans.

Author Contributions: FR.-S. conceptualization, methodology, validation, formal analysis, inves-
tigation, writing—original draft, writing—review and editing, visualization, supervision; C.G.-G.
methodology, validation, formal analysis, investigation, writing—original draft, visualization; B.A.-G.
validation, formal analysis, investigation, writing—original draft; A.G.-C. validation, formal analysis,
investigation, data curation, writing—original draft, visualization; O.C.-A. formal analysis, inves-
tigation, writing—original draft, writing—review and editing, visualization, supervision; M.M.-P.
methodology, software, validation, investigation, data curation, writing—original draft, visualization;
S.C.-S. methodology, validation, investigation, writing—original draft, writing—review and editing;
M.P-R. validation, formal analysis, writing—original draft; PM.-R. validation, data curation, writing—
original draft; ].R.G.-]J. conceptualization, validation, writing—original draft, writing—review and
editing, visualization, supervision. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Martinez-Giralt, X. Introduccién a La Economia de La Salud. In Fundamentos de Economia y Gestion de la Salud; Antelo, M., Fraga,
J., Reboredo, J., Eds.; Universidade de Santiago de Compostela: Santiago de Compostela, Spain, 2010.

2. Reyes, F. Financiacién de Las Prestaciones Sanitarias. In Fundamentos de Economia y Gestion de la Salud; Antelo, M., Fraga, J.,
Reboredo, J., Eds.; Universidade de Santiago de Compostela: Santiago de Compostela, Spain, 2010.

3.  Antelo, M.; Fraga, ] M.; Reboredo, J. Fundamentos de Economia y Gestion de La Salud; Universidade de Santiago de Compostela:
Santiago de Compostela, Spain, 2010.

4. Valbuena-Lépez, S.; Hinojar, R.; Puntmann, V.O. Resonancia Magnética Cardiovascular En La Practica Cardioldgica: Una Guia
Concisa Para La Adquisicion de Imagenes y La Interpretacién Clinica. Rev. Esp. Cardiol. 2016, 69, 202-210. [CrossRef]

5.  Barreiro-Pérez, M.; Tundidor-Sanz, E.; Martin-Garcia, A.; Diaz-Peldez, E.; Iscar-Galan, A.; Merchan-Gémez, S.; Gallego-Delgado,
M.; Jiménez-Candil, J.; Cruz-Gonzalez, I.; Sanchez, P.L. Primera Resonancia Magnética Gestionada Por Cardiologia En La Red
Sanitaria Publica Espariola: Experiencia y Dificultades de Un Modelo Innovador. Rev. Esp. Cardiol. 2018, 71, 365-372. [CrossRef]

6.  Sociedad Espariola de Cardiologia. Sociedad Espaiiola de Radiologin Médica Recomendaciones Para Formacion, Acreditacion y Uso
Apropiado de La Cardio-Resonancia Magneética; Sociedad Espariola de Cardiologia: Madrid, Spain, 2016.

7. Taylor, AJ.; Cerqueira, M.; Hodgson, ].M.c.B.; Mark, D.; Min, J.; O’Gara, P.; Rubin, G.D. ACCF/SCCT/ACR/AHA/ASE/ASNC/
NASCI/SCAI/SCMR 2010 Appropriate Use Criteria for Cardiac Computed Tomography. J. Am. Coll. Cardiol. 2010, 56, 1864-1894.
[CrossRef]

8. Pennell, D. Clinical Indications for Cardiovascular Magnetic Resonance (CMR): Consensus Panel Report? Eur. Heart ]. 2004, 25,
1940-1965. [CrossRef]

9. Reyes-Santias, F; Antelo, M. Explaining the Adoption and Use of Computed Tomography and Magnetic Resonance Image
Technologies in Public Hospitals. BMC Health Serv. Res. 2021, 21, 1278. [CrossRef]

10. Maron, D.J.; Hochman, J.S.; Reynolds, H.R.; Bangalore, S.; O’Brien, S.M.; Boden, W.E.; Chaitman, B.R.; Senior, R.; Lopez-Sendén, J.;
Alexander, K.P; et al. Initial Invasive or Conservative Strategy for Stable Coronary Disease. N. Engl. J. Med. 2020, 382, 1395-1407.
[CrossRef] [PubMed]

11.  Gomez-Ulla, E; Alonso, E,; Aibar, B.; Gonzalez, F. A Comparative Cost Analysis of Digital Fundus Imaging and Direct Fundus
Examination for Assessment of Diabetic Retinopathy. Telemed. e-Health 2008, 14, 912-918. [CrossRef] [PubMed]

12.  Aibar, B.; Blanco, M. Contabilidad de Costes: Conceptos Basicos y Problematica En Organizaciones Sanitarias. In Fundamentos de
Economia y Gestion de la Salud; Antelo, M., Fraga, J., Reboredo, J., Eds.; Universidade de Santiago de Compostela: Santiago de
Compostela, Spain, 2010.

13. Drummond, M.; O’Brien, B.; Stoddart, G.; Torrace, G. Métodos Para La Evaluacion Economica de Los Programas de Asistencia Sanitaria,

2nd ed.; Diaz de Santos: Madrid, Spain, 2001.


https://doi.org/10.1016/j.recesp.2015.11.012
https://doi.org/10.1016/j.recesp.2017.11.036
https://doi.org/10.1016/j.jacc.2010.07.005
https://doi.org/10.1016/j.ehj.2004.06.040
https://doi.org/10.1186/s12913-021-07225-2
https://doi.org/10.1056/NEJMoa1915922
https://www.ncbi.nlm.nih.gov/pubmed/32227755
https://doi.org/10.1089/tmj.2008.0013
https://www.ncbi.nlm.nih.gov/pubmed/19035800

Healthcare 2023, 11, 2084 12 of 12

14.

15.

16.

17.

18.

19.

20.
21.
22.
23.
24.
25.

26.
27.
28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

Alonso Alpedri, M. Andlisis Coste-Beneficio de La Telemedicina Con La Cdmara de Fondo de Ojo No Midridtica Como Estrategia de Cribado
de La Retinopatia Diabética; Universidad de Santiago de Compostela: Santiago de Compostela, Spain, 2006.

Ten Roldan, C. Impacto Del Equipamiento En EI Coste Del Area de Imagen Médica Del Hospital Universitario y Politécnico La Fe (Valencia);
Universidad Politecnica de Valencia: Valencia, Spain, 2013.

Lopez Bastida, J.; Soto Pedre, E.; Cabrera Lopez, F. Revision Sistemidtica y Andlisis Coste-Efectividad Del Cribado de Retinopatia
Diabeética Con Retinografo No Midridtico de 45° Mediante Imdgenes Interpretadas Por Oftalmélogos Frente a Médicos de Familia; Ministerio
de Sanidad y Consumo: Madrid, Spain, 2007.

Stacul, F.; Pozzi-Mucelli, F,; Lubin, E.; Gava, S.; Cuttin-Zernich, R.; Grisi, G.; Cova, M.A. MR Angiography versus Intra-Arterial
Digital Subtraction Angiography of the Lower Extremities: Activity-Based Cost Analysis. Radiol. Med. 2006, 111, 73-84. [CrossRef]
[PubMed]

Sector de Tecnologia y Sistemas de Informacion Clinica. Federacion Espafiola de Empresas de Tecnologia Sanitaria Perfil Tecnolégico
Hospitalario En Espafia; Sector de Tecnologia y Sistemas de Informacién Clinica: Madrid, Spain, 2015.

Secretaria de Estado de la Seguridad Social. Instrucciones Para La Compensacion de Gastos de Transporte En Los Casos de Asistencia
Sanitaria Derivada de Riesgos Profesionales y de Comparecencias Para La Realizacion de Exdmenes o Valoraciones Médicas; Secretaria de
Estado de la Seguridad Social: Madrid, Spain, 2009.

Robusté, F.; Campos, M.; Monzdn, A. Els Comptes Del Transport de Viatgers a La Regio Metropolitana de Barcelona 1998; Autoritat del
Transport Metropolita: Barcelona, Spain, 2000.

Argudo, M.L.C. Implicaciones Renta-Trabajo-Ocio En El Contexto Norte-Sur. Cuad. Econ. Span. J. Econ. Financ. 2002, 25, 185-204.
IMSERSO. Informe 2018—Las Personas Mayores En Espafia; IMSERSO: Madrid, Spain, 2018.

Centro de Investigaciones Socioldgicas (CIS). Condiciones de Vida de Las Personas Mayores; Centro de Investigaciones Sociolégicas
(CIS): Madrid, Spain, 2006.

Propper, C. Agency and Incentives in the NHS Internal Market. Soc. Sci. Med. 1995, 40, 1683-1690. [CrossRef]

Chester, M.; Horvath, A. Environmental Life-Cycle Assessment of Passenger Transportation: Detailed Methodology for Energy,
Greenhouse Gas and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, Heavy Rail and Air. Ph.D. Thesis, University
of California, Berkeley, CA, USA, 2008.

Litman, T. Air Pollution Costs Spreadsheet; Victoria Transport Policy Institute: Victoria, BC, Canada, 2006.

Cobb, C.W,; Douglas, PH. A Theory of Production. Am. Econ. Rev. 1928, 18, 139-165.

Moon, D.E. Modelirovaniye Ekonomicheskogo Rosta s Peremennoy Elastichnost yu Zameshcheniya Proizvodstvennykh Faktorov: Mono-
grafiya; Izd-vo DVGUPS: Khabarovsk, Russia, 2011; 321p.

Richter, A.N.; Khoshgoftaar, TM. A Review of Statistical and Machine Learning Methods for Modeling Cancer Risk Using
Structured Clinical Data. Artif. Intell. Med. 2018, 90, 1-14. [CrossRef] [PubMed]

Martin, G.P; Riley, R.D.; Collins, G.S.; Sperrin, M. Developing Clinical Prediction Models When Adhering to Minimum Sample
Size Recommendations: The Importance of Quantifying Bootstrap Variability in Tuning Parameters and Predictive Performance.
Stat. Methods Med. Res. 2021, 30, 2545-2561. [CrossRef] [PubMed]

Ripley, D.P; Brown, ].M.; Everett, C.C.; Bijsterveld, P.; Walker, S.; Sculpher, M.; McCann, G.P; Berry, C.; Plein, S.; Greenwood, J.P.
Rationale and Design of the Clinical Evaluation of Magnetic Resonance Imaging in Coronary Heart Disease 2 Trial (CE-MARC 2):
A Prospective, Multicenter, Randomized Trial of Diagnostic Strategies in Suspected Coronary Heart Disease. Am. Heart ]. 2015,
169, 17-24.e1. [CrossRef] [PubMed]

Ge, Y,; Pandya, A.; Steel, K.; Bingham, S.; Jerosch-Herold, M.; Chen, Y.-Y.; Mikolich, J.R.; Arai, A.E.; Bandettini, W.P.; Patel,
A.R; et al. Cost-Effectiveness Analysis of Stress Cardiovascular Magnetic Resonance Imaging for Stable Chest Pain Syndromes.
JACC Cardiovasc. Imaging 2020, 13, 1505-1517. [CrossRef]

Terpenning, S.; Stillman, A. Cost-Effectiveness for Imaging Stable Ischemic Disease. Br. J. Radiol. 2020, 93, 20190764. [CrossRef]

Kozor, R.; Walker, S.; Parkinson, B.; Younger, J.; Hamilton-Craig, C.; Selvanayagam, J.B.; Greenwood, ].P,; Taylor, A.]. Cost-
Effectiveness of Cardiovascular Magnetic Resonance in Diagnosing Coronary Artery Disease in the Australian Health Care
System. Heart Lung Circ. 2021, 30, 380-387. [CrossRef]

Bahrami Yarahmadi, F,; Faraji-Khaiavi, F.; Torabipour, A. Costs of CT Scan and Ultrasound Services Using the Activity-Based
Costing Method. Health Technol. Assess. Action 2021, 4. [CrossRef]

Centonze, M.; Lorenzin, G.; Francesconi, A.; Cademartiri, F.; Casagranda, G.; Fusaro, M.; Ligabue, G.; Zanetti, G.; Spanti, D.; De
Cobelli, F. Cardiac-CT and Cardiac-MR Examinations Cost Analysis, Based on Data of Four Italian Centers. Radiol. Med. 2016,
121, 12-18. [CrossRef]

Pandya, A.; Yu, Y.-J.; Ge, Y.; Nagel, E.; Kwong, R.Y.; Bakar, R.A.; Grizzard, ].D.; Merkler, A.E.; Ntusi, N.; Petersen, S.E.; et al.
Evidence-Based Cardiovascular Magnetic Resonance Cost-Effectiveness Calculator for the Detection of Significant Coronary
Artery Disease. J. Cardiovasc. Magn. Reson. 2022, 24, 1. [CrossRef]

Paquette, S.; Lin, ].C. Outpatient Telemedicine Program in Vascular Surgery Reduces Patient Travel Time, Cost, and Environmental
Pollutant Emissions. Ann. Vasc. Surg. 2019, 59, 167-172. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s11547-006-0008-5
https://www.ncbi.nlm.nih.gov/pubmed/16623307
https://doi.org/10.1016/0277-9536(94)00285-2
https://doi.org/10.1016/j.artmed.2018.06.002
https://www.ncbi.nlm.nih.gov/pubmed/30017512
https://doi.org/10.1177/09622802211046388
https://www.ncbi.nlm.nih.gov/pubmed/34623193
https://doi.org/10.1016/j.ahj.2014.10.008
https://www.ncbi.nlm.nih.gov/pubmed/25497243
https://doi.org/10.1016/j.jcmg.2020.02.029
https://doi.org/10.1259/bjr.20190764
https://doi.org/10.1016/j.hlc.2020.07.008
https://doi.org/10.18502/htaa.v4i4.6865
https://doi.org/10.1007/s11547-015-0566-5
https://doi.org/10.1186/s12968-021-00833-1
https://doi.org/10.1016/j.avsg.2019.01.021
https://www.ncbi.nlm.nih.gov/pubmed/31077768

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

