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Using the DEA Method to Optimize the Number of Beds
in the Slovak Hospital Sector®
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Abstract

The Slovak hospital sector is characterized by cygacity in the total number
of beds due to inherited infrastructure. In thippg we use the Data Envelop-
ment Analysis technique to optimize the numbeeds lfior 62 Slovak hospitals.
Models with variable and constant returns to scate used. Moreover, our
models account for the quality of hospital carevesll as the long-standing
problem of a low number of medical staff. Basedttmn calculated technical
efficiency, the number of beds could be decreagetDbo to 33% while keeping
other variables constant at current levels. A rdaducof up to 10% in the total
number of beds would be satisfactory in roughly 20%ll hospitals.

Keywords: data envelopment analysis, beds, general hospitals
JEL Classification: 111, G18, C44

Introduction

There has been a widespread interest in the Slwealkhcare sector. Recently,
hospitals in Slovakia have been attracting incréagtention in terms of health
expenditures.

According to the Health at a Glance study, heakpenditures in 2016 ac-
counted for nearly 7% of the Slovak GDP. This prtipa is significantly below
the OECD average of 9%. Compared to 2013, thisrdigmas 7.9% and the
OECD average was higher by only 0.3%. These numhdisate convergence
in healthcare expenditures, but the trend in ouipditators, like life expectan-
cy, remains hidden. Between 1970 and 2015, the OHE@xpectancy at birth
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increased on average by more than 10 years froto 80.6 years. In contrast,
in Slovakia the life expectancy fell short of th&CD average, reaching only
77 years (OECD, 2017). Despite the convergenceeaitiicare spending, it is
necessary to investigate this issue.

The healthcare system in Slovakia is based orutiinersal coverage with
some out-of-pocket payments e.g. co-payments f@sqgoibed pharmaceuticals,
dental care and spa treatments. The identificagfocost inefficiency and con-
tainment of expenditures in hospital care has becamajor policy goal for the
Slovak Ministry of Health. Hospital care, as a doanit part of the health sys-
tem, has been recently characterised by its growosis. The main driver of
such growth is the rise in salaries after doctsiiskes in 2014. As much as 75%
of all expenditures in the Slovak health care seistspent on three categories:
medicines, inpatient care and outpatient care.0h72 the largest part of the
expenditures of health insurance companies (HIG s@ent on inpatient care
(28%). Then, 24% was spent on medicines and 23%utpatient care (Ministry
of Finance of the Slovak Republic and Ministry addth of the Slovak Republic,
2018).

Hospital care can be divided into inpatient antpatient care. Inpatient care
is defined as care for patients requiring contisutmeatment for at least 24 hours.
The outpatient care category is for patients wherat hospitalized overnight
and mostly diagnosed in clinics. Most of theseicéirare parts of hospitals, so
a clear separation is not easy. Another argumemnt iwbatient and outpatient
care within hospitals and clinics should not beasafed is the shared time of
specialists between their practices and inpatiacitiies. As an example, gyna-
ecologists both perform deliveries and provide ptehhealth care. Within the
Slovak hospital care environment, there is a ldagding difference in the de-
velopment of capital and human resources. Duehterited infrastructure, hospi-
tals are characterized by overcapacity in the nurabbeds. However, the situa-
tion is similar in several neighbouring countriés.2015, less than 5% of the
total workforce worked in the health care sectod medical staff accounted for
approximately three quarters of them. Between thars 2000 and 2015, the
total number of staff within the health care seaecreased only in two coun-
tries in the OECD, namely Slovakia and Latvia. Rerinore, other issues in
human resources include ageing and outflow of hgatsonnel. Roughly 45%
of doctors and 33% of nurses are 50 years of ag&ler (Smatana et al., 2016).

Smatana et al. (2016) further identified severaba in which the efficiency
of hospital care could be improved. First, theransurgent need for debt settle-
ment since most of public hospitals accumulatedrsicerable amount of debt.
Also, hospitals need to be modernized. The techméastructure of hospitals
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is outdated reaching an average age of 35 yeaesdiffierences in built-up areas
also contributed to the total costs of the hospit@eneral hospitals have an
average of 30 buildings on one site, in one caaehiag up to 81. The burden of
investments and renovations is carried by the peorgi themselves and it is
mainly covered by health insurance funds. The Minisf Health coordinates

European Union funding, but due to bureaucraticaad other difficulties, the

estimated impact on the overall health care systas small. Furthermore, as
mentioned before, the high number of unused bedsidentified as one of the

key issues in the Slovak hospital sector. In the 1#990s, Slovakia had one of
the highest numbers of acute beds per person iopEuiSince then, there were
several reductions: first between 2000 and 2011 thed between 2011 and
2014. The total number of beds was reduced by 2@%ording to the Strategic

Framework for Health document, another dramaticcgdn in the number of

beds is planned. Between 2014 and 2030, the nuaflierds is expected to fall

by up to 50% of the current state, which is 11,B08bsolute terms (Ministry of

Heath of the Slovak Republic, 2013).

Therefore, the aim of our paper is to propose & Diodel specific to the
Slovak hospital care system. Using our model, weutate the optimal efficient
number of beds, ensuring that the other varialdesam unchanged at the cur-
rent level.

The rest of the paper is organized as followsti®&ed presents earlier litera-
ture and background concerning the Slovak health sgstem as well as DEA
literature dealing with the healthcare sector. iBac2 introduces basic and aug-
mented models. Some descriptive statistics on gngnitl outputs are provided in
the subsequent part of the paper. The last seatantain results and conclusions.

1. State of Literature

The current section can be divided into two sukgaries. First, some infor-
mation on previous studies and papers dedicatdtet8lovak healthcare system
is presented. Furthermore, DEA literature in tleédfiof interest is reviewed.

To our knowledge, some investigation of the Slokeklth care system and
hospital efficiency has already been done. Recetitly paper by Stefko et al.
(2018) evaluated the technical efficiency of headte on the regional level.
Using the window method for intertemporal analysige authors investigated
whether there was a significant change in efficyeaiter the gradual addition of
specialized medical equipment, e.g. CT or MR. Adoas to the authors, the
answer seems to be negative. The DEA models diden@al any impact of
specific technologies on health care in terms 6€iehcy (Stefko et al., 2018).
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Some comments on the results: First, the regianadl INUTS 3) seems to be

too highly aggregated for a detailed analysis afiguisnedical equipment. Fur-

thermore, it is not clearly visible where the authexpect to get positive impact
by additional medical equipment. The technologyléscribed by used inputs
and outputs. The outputs — bed occupancy and aweraging time in days —

seem not to be related with the quantity of medezplipment. Some measure-
ment of quality should be included, e.g. re-opearpiilue to problematic post-

operation care, etc. Most importantly, as mentionedhilingerian and Sherman

(2004), absolute data should not be mixed withtikedadata within the same

model. As mentioned before, the authors not ongdusutputs as bed occupancy
rate and ratio of treatment days to the total nundbgatients, but at the same
time, they used the input of total number of beda health facility.

Among previous papers, the efficiency evaluatiérihe Slovak healthcare
sector was done by Sendek (2014) and Sendek, Kawigahnd Angelovi (2015).
Both papers used the basic model with variablemstio scale assumption. These
models are input oriented and use hospital-levial. ddne results show that smaller
hospitals seem to be more efficient than large emity hospitals. Furthermore,
authors ran several scenarios including potenttegath systems and measured
the change of efficiency. Another analysis of éficy was also done by the
Institute of Financial Policy. Authors investigatteé sector’s effectiveness us-
ing the simple ordinary least squares econometodah Regarding estimated
life expectancy, the authors concluded that theieffcy of the health system
was low with even growing costs for such low perfance (Filko et al., 2012).

Furthermore, Slovakia has been included in seven@ds-country studies.
Particularly in the study of OECD countries, Sloakame out as inefficient
with the efficiency score of 0.895 for an inputesried and 0.966 for an output-
oriented model (Afonso and Aubyn, 2005). Howevere do aggregated inputs
and outputs used in this study, the drivers officiehcy cannot be truly identi-
fied. Second, even though the health systems anpa@ble, it needs to be dis-
cussed whether we can really see them as a sitethnology. The result is
quite similar in Asanduluia et al. (2014), where téfficiency of the Slovak
healthcare sector scored below average. The mosttr€ountry Report on Slo-
vakia from 2017 concluded that the cost-effectigsnef healthcare in Slovakia
remains low (EC, 2017). The mentioned causes iedutie debt and the low
occupancy of care beds.

It is also important to look at some informatiam the evolution of the DEA
analysis within the field of healthcare. Firstly, autstanding meta-type analysis
of such studies has been done by Hollingsworthq;12003; 2008). The analysis
included 317 publications on the topic of efficignevaluation in the hospital
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sector. The study offers some prominent resultsstMoportantly, the dominant
method within the field of efficiency in healthcasea non-parametric DEA. In
addition, some Malmquist index extension or eveseeond stage regression is
used. However, the parametric SFA method is alsdghenrise. This method
already accounts for 20% of publications compae®0% in the case of the
traditional DEA. Moreover, comparing American andr@&ean hospitals, the
European ones seem to have higher efficiency scohessame is true regarding
the form of entity. Considering all analysed pudlions, Hollingsworth con-
cluded that public rather than private hospitaks more efficient. Most of the
studies use output measures of physical performamgealays of hospitalization
or discharges. However, there is a long-term dsousthat these variables do
not reflect the real output of the health care@edthe patient’s change of health
should be somehow considered. Input variables aialynlabour and the num-
ber of beds as capital proxy. Another approach isse the overall costs as sin-
gle input (Hollingsworth, 2008). The fact that ré&gly used outputs do not in-
clude the true change in the patient’s conditicengeto play an important role.
In the end, the problem of outputs has not beevedoproperly yet. However,
controlling for some qualitative aspect of prodostas well as the overall quan-
tity could slightly overcome this problem. More eet meta-type analysis has
been published by Kohl et al. (2018). In their gam, the 262 papers applying
DEA in healthcare were investigated. According ltese authors, the paper
works as a roadmap and provides a comparison afdéé models as well as the
choices of inputs and outputs. Most of the papsesiuhe basic model and only
few of them enhance the methodology in some wagnBtough most of the
papers are policy oriented, only one has been foabe applied into practice by
policy makers. Such an exception is Rouse and SwWa@96), who used DEA to
set a price for hospital services in New Zealand.

While the Data Envelopment Analysis has severahathges (see section on
methodology), the main disadvantage remains tlemgtvolatility depending on
chosen inputs and outputs. For this purpose, arvieve of similar papers and
applications is presented. We start with the maiterariables. The most com-
mon inputs are some capital proxies e.g. bedsars of a hospital, the number
of buildings or the labour force of a hospital. Tiaet of the mentioned inputs
should be ideally divided into several categorégeg, administrative and medical
staff or even doctors and nurses. The most detaifednation on personnel can
be found in Sheikhzadeh et al. (2012). The laborgef in this paper was divided
into 5 sub-categories. However, most of the studgesl just one or maximum of
two categories of labour according to the meta-gpalysis. The beds input was
used for example in Podgorska (2018), Dlouhy gR807), Hofmarcher, Paterson
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and Riedel (2002) and many other studies. Thedepalar substitution for beds
is the overall area of a hospital. Another appraadio use medical equipment.
In general, these two categories could be congidaseone, called equipment
and infrastructure, as a proxy for the capital dibapital. Such approach can be
found in Stefko et al. (2018), who used medicalicks; while Marshall and
Flessa (2009) used equipment depreciation anddfa¢ @area and Gai et al.
(2010) used the estimated value of capital. Fumibee, the operational costs
were used in Magnussen and Nyland (2008) or Dhaatag2009). On the side
of outputs, the number of hospitalizations andedéht types of visits are con-
sidered to be a mainstream within the DEA literaton healthcare. The number
of outpatient visits was used in Sommersguter-Rearin (2000). Some studies
even include detailed data thanks to the specHialthcare system within the
studied country. Weighted visits and hospitalizaican be considered as more
preferred. The weights are usually set up by ceeat@mgnoses. This is the case
e.g. in Linna, Hakkinen and Magnussen (2006). Pphjger is rare also due to the
cross-country comparison on the hospital level, angpecifically for Norway
and Finland. Fewer studies use qualitative aspéctsording to the aforemen-
tioned meta-type analysis, a lot of studies comeillehis a major weakness of
their analyses. Nayar and Ozcan (2008) used sedeti@iled approaches in order
to capture the qualitative aspect. However, suchiled approach seems to be
highly reliant on private medical data and insidethowledge. The approach
like the one used by Thanassoulis, BoussofianeDgisdn (1995) can be seen in
DEA papers more often. The absolute value of satisir very satisfied patients
from a survey was used as a quality indicator.Heurbore, survival rate, mortality
or even adjusted mortality is a common approackh®xamples can be found
e.g. in Bilsel and Davutyan, (2014) with the rigktested mortality or basic mor-
tality rate in Tiemann and Schreydgg (2014). In paper, we use mortality in
absolute terms to capture the quality of providedises within the hospital.

2. Methodology and Models

The objective of the Data Envelopment Analysitisneasure the efficiency
of Decision-Making Units (DMUSs) by scalar rangingrh zero to one. The advan-
tage is that no assumptions on functional formreweded. DEA also allows to
handle multiple input and multiple output framewdkkiptéik, 2010). The main
concern is an appropriate choice of inputs andutstpAccording to the meta-
analysis mentioned before, the most common apprisaCharnes-Cooper-Rhodes
(CCR) model introduced in 1978 (Charnes et al.819¥he main assumption of
the CCR model is a constant return to scale (CRSjontrast, variable returns
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to scale allow for some savings due to the sizé@funit. Such adjustment was
proposed by Banker, Charnes and Cooper (1984)nfap®MU has an objec-
tive value equal to one and at the same time Zacks

As already mentioned, another advantage of noarpetric DEA is the pos-
sibility to handle multiple inputs and multiple puts. However, some weights
for inputs and outputs need to be defined. To lsetweights, linear program-
ming is used.

Let us considexr andy to be the vectors of inputs and outputs, respelgtiv
wherex is anm-sizevector and similary, thg is ans-sizevector. There is

number of DMUs, whergis thej-th DMU. For everyj-th DMU we have some
X, inputs andy, outputs. Therefore, matricésandY can represent the ordered

vectors for alln DMUs. For these matrices we assume thatRT*" and
Y eR3*", respectively. In other words, we assume thanaplits and outputs are
positive.

Before the model itself, the so-called orientatimeds to be introduced. An
efficient projection of any DMU can be obtainedtivo directions: i) reducing
inputs (therefore input-oriented) dr)(increasing outputs (output-oriented). Due
to the fact that our goal is to optimize the numbgbeds, the input oriented
model is used.

The model used in our calculations is BCC-I modehere “I” stands for
input oriented. This is the version of the classadel publised in 1984:

min O+e(e's +e's)

s.t. Yi-8' =y,
XA+s* =0x,
ei=1 1)
1,8,8=20

€ >0("Non- Archimedeal)

However, as mentioned before, we augmented thesltoccontrol the qua-
lity. Such an aspect is measured via mortalityliacdute terms, and this output
should be treated as the so-called undesirable) @atpput. There are several
ways how to treat undesirable outputs in DEA madeiswever, as shown in
Korhonen and Lupték (2004), efficient units are efficient in all wayOn the
other hand, efficiency scores slightly differ. Thessibilities of how to treat
undesirable outputs within the DEA model are:

a) to treat the undesirable outputs of a treated (@ih DMU) as an upper
bound for the linear combination of other undedealmits. In such case, the
undesirable outputs are taken fixed,
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b) to treat undesirable outputs as inputs. In sucle ¢ae DMU reduces
inputs and undesirable outputs at the same time,

c¢) to use the difference between weighted desirahbiieuanlesirable outputs.
In such case, only desirable outputs are reducitttease efficiency.

Since we consider mortality as a fully uncontrioldaand unfortunate process,
we will treat the output as undesirable accordimgrérsion a). Therefore, the
model (1) can be augmented as:

min O+c(e's* +e's? +e's)
s.t. Y A-s? =y,
Ypd+S =y,
XA+ =06x, 2
e'1=1
A,8,820

¢ >0("Non- Archimedeal)

In the case of CRS, we can simply remove the tiomdof the sum of lamb-
das (4 row within constraints). As can be seen in (2)cdasider the qualitative
aspect, one extra row was added to the progranm Ramwv on, we will distin-
guish between desirable (good) outputs as mafyixwvith their vector of slacks

s9 and undesirable (bad) outpits with slackss’.

One additional adjustment is necessary to caphgrspecific environment of
the Slovak healthcare sector. As mentioned innitreduction of the paper, Slo-
vakia is one of the two countries with a decreasiagd in the number of medi-
cal staff. Furthermore, the age of doctors and oadiersonnel in general is
higher than the average of the OECD. Moreoverptitlow of this labour rep-
resents another issue. For this reason, therelggimto expect further reduction
in hospital labour force. Unfortunately, we were able to distinguish between
several types of labour force within hospitals. rEfiere, we treat all labour as an
uncontrollable input to prevent any reduction. Tiedel looks as follows:

min O+e(e's +e's' +e's? +e's)
s.t. Y A=s' =y
Ypd+S =y,
X A+s =6x; (3)
X, A+s' =x;
e'i=1
1,8,8=20
€ >0("Non- Archimedeal)
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In (3), the controllable inputs ar¥_ and uncontrollable inputs arg, with

corresponding slacks. Again, the CRS version ofntbelel does not include the
condition of the sum of lambdas equal to one. Sigedly:

min O+c(e's* +e's" +e's? +e's’)
s.t. Y A-s? =y,
Ypd+S =y,
X A+s =6x; 4)
X,A+s ' =x;
e'i=1
1,8, =20

€ >0("Non- Archimedeal)

To fulfil the aim of our paper, we use optimizednbdas. These identify pro-
jections for every evaluated DMU. Based on theswbldas, we can calculate the
optimally efficient number of beds. The summarynadthods, models and pro-
cesses can be seen in a simple diagram below.

Figure 1
Diagram of Research Stages and the Model Selecti®nocess

. . Efficient number
Model variants: Technical
M eecton CCR(7) and efficiency based on optmised
BCC(8) calculation Iambdgs

Source Authors’ creation.

We add one more comment on economies of scalengsisms. As men-
tioned before, the most common model in DEA hospiige literature is the one
with the CRS assumption following the VRS versistowever, the CRS as-
sumption with the linearity of the production fuioct may seem unrealistic,
since at least some savings resulting from the gizbe hospital exist. In this
case, the VRS variation seems more realistic. Eurthre, the CRS version of
the model assumes that if there is some efficieet af the hospital, there must
also be a much smaller but still proportional vemsdf the same hospital. Again,
this can be difficult to observe. Nevertheless, deeided to follow previous
literature, which often uses the CRS assumptianghik case, the CRS version
of the model can be interpreted as the hard seetizat does not allow any size
effects within the hospital sector. The VRS versioriherefore a mild or soft
scenario. Potentially, there is a space to furthessify the VRS scenario as the
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non-decreasing returns to scale (NDRS) model thatve some savings within
large-scale hospitals but does not allow linear woations of small units to
exist. For simplicity reasons, we distinguish ohstween the hard and the soft
scenario, i.e. the CRS and the VRS assumptions.

2.1. Data and Variables

In this section, some information on variables dath are provided. In Table 1,
we present variables in the structure of contrédlamd uncontrollable inputs as
well as desirable and undesirable outputs.

Table 1

Structure of Variables
Inputs Description Variable name
Controllable Total number of beds Beds
Uncontrollable Total number of personnel Employees
Outputs:
Desirable Total number of hospitalizations Hospialions

Total number of interventions Interventions

Undesirable Total number of deaths — absolute nfigyta Mortality

Source Authors’ creation.

Data on inputs and outputs mainly come from thEKKD website. INEKO is

a non-governmental non-profit organization establisas a support for economic
and social reforms (INEKO, 2018). For one of thejects, data on transparency
of hospital management were collected. These datade the information used
within our paper. There are several things to batimeed. The main source for
INEKO are health insurance companies (HIC). Firstre are differences in the
number of beds according to information from difer health insurance compa-
nies. This is possible since not all HICs have gre@ment with all hospital
wards. We also have to mention that the numbeed§ls not an official indica-
tor for HIC or even for the Ministry of Health. Tiefore, the numbers can
slightly differ. If a difference in the number oédis exists, the maximum value
is used in our dataset.

Table 2
Summary Statistics of Variables
mean Sd min max

Employees 767.42 922.94 31 6176
Beds 402.32 400.02 30 2 569
Interventions 3 496.60 4 810.00 0 30719
Hospitalizations 12 172.42 12 405.12 366 79 245
Mortality 353.98 358.85 0 2270
Number of observations 62

Source Authors’ calculations.
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The number of employees is an information receifreth yearly reports
gathered thanks to the Finstat website. The aifRidtat is to provide a web
service to evaluate the financial condition of Slk¥irms (Finstat, 2018).

As already mentioned, the dataset includes inféomaon 62 general hospi-
tals. Furthermore, there is a lot of variation agadhe hospitals. The size of
hospitals measured by inputs differs significanfizcording to the presented
data, there is one outlier — Bratislava's univgriibspital. Moreover, as can be
seen, at least one hospital has a zero value astpat. In such case, to ensure
correct functionality of our model, we replace zetith a very small number.
Furthermore, there are very strong relations batvigguts and outputs.

Table 3
Correlation Matrix of Variables
Employees Beds Interventions Hospitalizations Modlity
Employees 1
Beds 0.970° 1
Interventions 0.977 0.953" 1
Hospitalizations 0.967 0.982" 0.965" 1
Mortality 0.917" 0.952" 0.910" 0.939" 1

Note * p < 0.05, **p < 0.01, *** p < 0.001.
Source Authors’ calculations.

3. Results

The results are presented as follows: first, treyall efficiency scores for the
CCR and BCC model are presented and compared. THeprojected values of
beds are shown and evaluated. The technical eftgiéor both models and the
whole sample, as well as projections can be foonppendix. Some summary
statistics are presented within this section as wel

Table 4
Efficiency Score Summary
mean Sd min max
Efficiency_score_CCR 723 .187 312 1
Efficiency_score_ BCC .799 .180 .322 1
Number of observations 62

Source Authors’ calculations.

In the case of the CCR variation of the model,haee 6 efficient DMUs. In
the case of BCC, 18 hospitals can be consideresffigéent according to the
specification of our model. Such difference betwdle@ number of efficient
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DMUs as well as a lower average score in the cA€R& is fully understanda-
ble due to the assumptions of DEA analysis. Fongte, in the case of the BCC
version, many large university hospitals are effiti However, these are not
efficient using the CRS assumptions. The sameiésfor some small units.

The aim of the paper is to project the efficieninier of beds in total as well
as on the level of individual hospitals. Therefones look at Figure 2, which
presents the sorted DMUs by efficiency from minirtmimaximal (grey area).
What is even more interesting in our case are tiengial efficiency gains. These
can be achieved by reducing the controllable vé&ijate. the number of beds.
Such gains are presented as the white area ind=Bjukgain, due to difference
in the VRS and the CRS assumption, the white afeasibetween the two figu-
res. More statistics for the case of reducing thealmer of beds are presented in
Table 4, for both the individual level as well he tvhole Slovak hospital sector.

Figure 2

Sorted Efficiency Score (grey area) and Potential &ns by Reducing the Number
of Beds (white area)

T

CCR effciency score
o
o

BCC efficiency score
o
o

o

10 20 30 40 50 60
DMUs - hospitals
Source Authors’ calculations.
Table 5
Summary Statistics of the Projected Number of BedBy Hospital and Sector Level
Hospital level Sector level
Mean S.d. Min Max Sums
Beds 402.32 400.02 30 2569 24 944
Projected beds CCR 289.17 300.62 12.44 1933[77 8287
Projected beds BCC 334.33 398.23 30 2569 20 729
Absolute difference CCR 113 127.77 0 635.23 7116
Absolute difference BCC 68 78.28 0 455.89 4215
Number of observations 62

Source Authors’ calculations.
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On average, the number of beds should be redugeéiBlio 113 beds per
hospital. In absolute terms, the total number «fpital beds should be reduced
from 24,944 to 20,729 in the case of the BCC madetven to 17,828 in the
case of the CCR version. In both cases, the otlwgsbles — the number of per-
sonnel as well as desirable and undesirable outpwisuld remain at the current
level. The individual reduction of specific hospstéas shown in Appendix. The
absolute numbers can be bit misleading due to ifferehces in the size of the
hospitals. Therefore, the distribution of indivilweductions in relative terms is
presented in Table 6.

Table 6

Distribution of Individual Reductions of Beds in Rdative Terms

Efficient Frequency_CCR | Cumulative %_CCR | Frequency BCC | Cumulative %_BCC
reduction (%)

0 1 1.61 1 1.61
10 13 22.58 22 37.10
20 4 29.03 7 48.39
29 14 51.61 7 59.68
39 12 70.97 17 87.10
49 11 88.71 5 95.16
59 4 95.16 2 98.39
More 3 100.00 1 100.00

Source Authors’ calculations.

According to this table, individual reduction shibbe up to 30% in 51% of
all hospitals in the case of the CCR variation enléss than 60% of hospitals in
BCC. Even a much smaller — 10% reduction wouldramigh for 23% of hospi-
tals in the case of CCR assumptions and almost “iOB€CC to be technically
efficient based on the model.

Conclusion and Discussion

According to recent research published by the &fimiof Health of the Slo-
vak Republic, the Slovak hospital system suffecenfithe overcapacity of un-
used beds. In our paper, we proposed a DEA modelanvariants to calculate
the efficient number of beds. Such reduction wddp the current outcomes as
well as the quality of provided healthcare senfiged. The outcomes are the
number of interventions and hospitalizations. Quasi measured as the absolute
value of mortality. We proposed input-oriented nmlede two variants. Particu-
larly, a CCR version with constant returns to scahel a BCC variation with
variable returns to scale. The results differ cdasibly. Therefore, we divided
the results into the soft reduction scenario (B@j the hard reduction scenario
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(CCR). In such case, between 4,216 and 7,015 ledsspitals could be re-
moved to allow the current (unchanged) level opatg. In relative terms, such
reduction is estimated to range from 20% to 33%heftotal number of current
hospital beds. It is not easy to compare the pregosduction with other studies
from different countries due to the specifics o thxamined health systems.
Therefore, we rather use a time-series comparisantérpret our findings. At
the first glance, this could seem drastic and uistea However, between the
years 2000 and 2014, the total number of beds uteacare was reduced by
9,000. Moreover, the Strategic Framework of Heakpects a further reduction
in acute care by another 11,000 until the year Z@8@atana et al., 2016), (Mini-
stry of Heath of the Slovak Republic, 2013). Evkaugh the total number of
hospital beds in our dataset slightly differs frdme total number of acute beds
(24,944 vs. 22,959 in 2014) based on the Natioealti@ for Health Information
source, the proposed reduction is within the range.

Some shortfalls need to be mentioned. First, ditaset itself. We are fully
aware that the data used are from a secondaryesaumat therefore can differ
from the official one.

Moreover, even hospital level seems to be quitgreamted. While we as-
sume the same technology across the general Hespiia opposite could be
true. As an example, consider the university hasplthe university hospital has
other outcomes to consider e.g. the learning aadhteg process or can have
some specialized wards different from the averayemal hospital. Furthermore,
we could not evaluate the ward level. Even thoughdd not include speciali-
zed hospitals and institutions e.g. kids, oncologysychiatric hospitals, a dif-
ference in the types of wards within the hospitalsvorth considering. There-
fore, in further research one should focus on obtgiward-level data. Another
disadvantage of our approach is staff-level data.\W&re not able to distinguish
between medical and administrative personnel. Sliffarentiation would be
more than appropriate in further research. We wexigect some inefficiency
hidden within such input.

Moreover, the pressure on bed reduction couldubetly higher than in the
case of more controllable inputs. The question tmwneasure quality remains
open. One possible way to enhance the researchlset the survey made by
insurance companies. Some robustness check in tdrthe quality measure is
necessary. The question is highly connected termdiffces between wards and
therefore many researchers adjust the mortaliticatdr by risk. And last but
not least, an intertemporal comparison within tealth sector could be made.
The static picture provided here can be easily skeand only long-term rela-
tions could show true results.
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Appendix A
Number of the Hospital and its Name

Number

Name

Nemocnica Banovc- 3. sikromna nemocnica, s.

NsF Sv. Jakuba, n.o. Barde]

Nemocnica s poliklinikou Prievidza so sidlom v Bojact
Nemocnica svatého Michala, a.s., Bratis

S| Medical, s.r.o., Nemocnica s poliklinikou Mediss
Univerzitn4 nemocnica s poliklinikou Milosrdbratia, Bratislav
Zeleznn& nemochnica Bratislava, Novapharm, ¢

Nemocnica s poliklinikou Brezno, n

Kysucka nemocnica s poliklinikaliadc:

Dolnooravska nemocnica s poliklinikou MUDr. L. N&ildégého Dolny Kub
Nemocnica ‘poliklinikou Dunajska Streda, &

Nemocnica s poliklinikou Sv. Luk&Sa Galanta,

Pro Vitae, n. o., vSeobecna nemocnica Ge

Nemocnica Handlov— 2. sikromna nemocnica, s.
Nemocnica s poliklinikou Hlohovec, s.i

Gemerclinit, n.o., HnU8a

Nemocnica A. L&éa Humenné, a.

Nemocnica s poliklinikou llava, n.

Nemocnica Dr. Vojtecha Alexandra v Kezmarku

Forlife n.o., VSeobecna nemocnica Kom:

Nemocnica Kosic-Saca a.« 1. sikromna nemocni
Zelezntna nemocnica s poliklinikou KoSice (Zeleamé zdravotnictvo Kosice, s.r.
Nemocnica s poliklinikou n.o. Kfavsky Chime

Nemocnica Krompachy spol. s |

Nemocnice s poliklinikami, n.o., Levice a Tdpany
VSeobecna nemocnica oliklinikou Levoga, a.s

Liptovska nemocnica s poliklinikou MUDr. Ivana Sadd Liptovsky Mikulé:
VSeobecna nemocnica s poliklinikoudanec n.c

Nemocnéna a.s., Nemocnica Malac

Nemocnica s poliklinikou Stefana Kukuru Michalovees
Nemocnica s poliklinikou Myjav

Nemocnica s poliklinikou Nové Mesto nad Vahom,
Nemocnica na okraji mesta, n.o., nemocnica Pagks
Nemocnica Alexandra Wintera n.o. RiaSy

Nemocnica Poprad, &

Nemocnica s poliklinikoilPovaZzskéa Bystric

Nemocnica s poliklinikou, n.o. Rev(

Nemocnica s poliklinikou sv. Barbory Rigva, a.¢

Hospitale, s.r.o., Sa

Fakultnd nemocnica s poliklinikou Skalica,

Nemocnica Snina s.r

Nemocnica s poliklinikoiSpisska Nova Ves, a

Lubovnianska nemocnica, r

Nemocnica arm. generéla L. Svobodu Svidnik

Nemocnica s poliklinikou TrebiSov, &

Hornooravska nemocnica s poliklinikou Trst

V8eobecna nemocnica s poliklinikou, n.o.'kfeKrtis
Vranovsk& nemocnica, a.s. (vratane prevadzky \pgonce’
Nemocnice Ziar nad Hronom (s prevadzkou Bansk&#itia) a Rimavska Sobota (Svet zdravia,
Mestsk& nemocnica Prof. Rudolfa Korca, Zlaté Moe
Nemocnica Zvolen a.s. (\tane prevadzky v Krupin

Fakultnd nemocnica s poliklinikou F.D. Rooseveltmgka Bystric
Univerzitn4 nemocnica Bratisla

Univerzitna nemocnica L. Pasteura Ko

Univerzitna nemocnica Mart

Fakultnd nemocnica Nit

Fakultndnemocnica s poliklinikou Nové Zam

Fakultna nemocnica s polikliniko. A. Reimana Pres
Ustredna vojenska nemocnica SNP RuZomb- fakultna nemocnic
Fakultna nemocnica Tréim

Fakultna nemocnica Trna

Fakultnd nemocnicapoliklinikou Zilina

Source:Authors’ calculations.
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Appendix B
Individual Results by Hospitals

CCR mode BCC mode
Original Efficiency | Projected Percent Efficiency | Projected Percent
Number | number of Bedg  score Beds Reduction (%) score Beds Reduction (%)
1 13€ 1.0C 13€ 0 1.0C 13¢
37¢ 0.61 22¢ 3¢ 0.67 252 32
3 517 0.58 29¢ 42 0.64 32¢ 3€
4 24( 0.67 161 32 1.0C 24C 0
5 4C 1.00 4C 0 1.0C 40 0
6 122 0.59 72 41 0.6€ 80 34
7 3€ 1.00 3€ 0 1.0C 36 0
8 214 0.74 15¢ 2€ 0.7¢ 16¢ 21
9 46( 0.61 27¢ 3¢ 0.68 31t 32
1C 30¢ 0.71 21z 2¢ 0.77 231 23
11 434 0.52 221 48 0.57 24¢ 43
12 45¢ 0.57 261 43 0.64 29t 3€
13 7C 0.31 22 6¢ 0523 37 47
14 62 0.46 28 54 0.72 45 28
15 3C 0.41 12 5¢ 1.0C 30 0
16 62 1.0C 62 0 1.0C 62 0
17 361 0.52 18¢ 48 0.5€ 20z 44
18 147 0.40 5¢ 6C 0.4¢ 72 51
19 172 0.84 144 1€ 0.84 144 1€
20 40¢ 0.78 31¢ 22 0.7¢ 321 21
21 37¢ 1.00 37¢ 0 1.0C 37¢ 0
22 9€ 1.0C 9€ 0 1.0C 96 0
23 147 0.60 8¢ 4C 0.62 91 38
24 11& 1.0C 11& 0 1.0C 11¢ 0
25 61t 0.75 467 2t 0.8¢ 54¢ 11
26 34C 1.00 34C 0 1.0C 34C 0
27 297 0.66 19¢ 34 0.6¢ 20¢ 31
28 452 0.62 282 38 0.62 282 38
29 111 0.9C 9¢ 1C 0.9¢ 11C 1
30 54k 1.0C 54k 0 1.0C 54¢ 0
31 19t 0.50 98 5C 0.523 104 47
32 8C 0.73 58 27 0.7¢ 63 21
33 20C 0.55 11C 4t 0.5t 11C 4t
34 247 0.66 162 34 0.67 167 32
35 56€ 0.81 45¢ 1¢ 1.0C 56€ 0
36 494 0.62 304 38 0.68 33t 32
37 13t 0.66 8¢ 34 0.68 91 32
38 38¢ 0.68 26¢ 31 0.6¢ 26¢ 31
39 63 0.92 58 8 1.0C 63 0
40 31¢ 0.7 22z 3C 0.71 22¢ 2¢
41 16¢ 0.7 11¢ 3C 0.71 12C 2¢
42 27¢ 1.00 27¢ 0 1.0C 27¢ 0
43 23¢ 1.00 23¢ 0 1.0C 23¢ 0
44 252 0.49 122 51 0.4¢ 124 51
45 47¢ 0.58 28( 42 0.65 31C 3t
46 28¢ 0.67 18¢ 32 0.68 192 32
47 122 0.95 11€ 5 0.95 11€ 5
48 39C 0.68 267 32 0.71 27¢ 2¢
49 67z 0.31 211 6¢ 0.32 21¢ 68
50 9t 0.58 5E 42 0.65 62 3t
51 367 0.73 27C 27 0.82 30z 18
52 90¢ 0.8C 72¢ 2C 1.0C 90¢ 0
53 256¢ 0.75 1934 2t 1.0C 256¢ 0
54 1347 0.73 99C 27 0.94 1272 6
55 83¢ 0.82 684 18 1.0C 83¢ 0
56 717 1.00 717 0 1.0C 717 0
57 74¢ 0.8C 601 2C 0.8t 634 1t
58 1281 0.56 71¢ 44 1.0C 1281 0
59 522 0.75 39z 2t 0.7€ 39¢ 24
60 83¢ 0.73 61C 27 0.82 68t 18
61 62¢ 0.73 45¢ 27 0.82 52¢ 17
62 76¢ 0.75 57¢ 2t 0.8¢ 68¢ 11

Source:Authors’ calculations



