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Abstract 
 
The control of healthcare costs as well as the means for this achievement is a multifaceted 
problem for governments all over the world.  
The aim of this work is to determine the areas of activity of 16 Greek Public Hospital Units 
(H.U.), which present problems regarding their performance and suggest sufficient solutions.  
The method used for this study was quantitative analysis methods and especially the application 
of Data Envelopment Analysis (D.E.A.) in the 16 H.U.  
Results : According to the results, information was provided to their managers, concerning: (i) 
the assessment of the sources of management pathogenesis per H.U., (ii) the essential 
information about the mapping out of „the best utilization of financial resources‟ by H.U. 
administrations and (iii) the evaluation criteria of H.U.‟ administrations. The derived 
information provided basic guidelines about the creation of an appropriate policy plan per H.U., 
which should be applied by their administrations in combination with a set of measures that 
need to be undertaken in order to promote efficiency.  
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Introduction 
 

ealth care system in Greece is 
dominated by the National Health 
Service (NHS), a compulsory social 

insurance and a voluntary private health 
insurance system. The NHS provides overall  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
coverage to the population operating on the 
principles of equity, social cohesion and 
equal access to health services for all. In 
these terms, citizens are not directly 
dependent on a specific healthcare 

H 
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institution, but they are free to 
choosebetween a variety of healthcare units 
depending on the type of treatment they 
wish to follow and the region they resident1. 
Nevertheless, the Greek Ministry of Health 
takes the general decisions concerning the 
national health strategy and the relative 
health policy issues within the corresponding 
institutions and following the relative 
legislation. Compromising with this 
environment, Greek public H.U. operate 
within a framework characterized by limited 
economic resources, a restricted number of 
beds and a geographically unequal 
distribution of both personnel and 
patients2,3. For example, in the greater 
Athens area and for the year 2000, there 
were 6.4 hospital beds per 1000 citizens, 
while the corresponding ratio in Central 
Greece was 1.2 beds per 1000 citizens2.  
 In particular, over a hundred and 
thirty public H.U. operate in Greece 
nowadays. The level of equipment is not 
satisfactory, despite the modernisation 
which has taken place over the last two 
decades, since the H.U. usually cannot fully 
fulfil the needs of patients for diagnosis and 
treatment, inability that leads the 
population to the reliable assistance of the 
private sector. The sources of funding for the 
public H.U. are the state budget (74%), fees 
(13%) and private or other sources (13%).  

The efficiency of hospitals has 
traditionally been measured by means of 
ratio analysis (cost per day, cost per patient, 
etc.) and econometric methods. Despite the 
fact that Ratio analysis always gives 
significant information concerning H.U. 
performance in a distributed system, this 
method presents a number of 
inaccuracies4,5,6. In particular, each ratio is 
limited to only one input and one output 
factor, making rather difficult to compromise 
with cases where multiple outputs are 
produced using multiple inputs. Moreover, 
the use of different ratios for the same H.U. 
usually gives different results. For example a 
H.U. may be presented as quite efficient 
with the use of ratio A, while it may be 
presented inefficient with the use of ratio B. 

On the other hand, econometric methods are 
more accurate compared to the ratio 
methods, mainly because their model takes 
into account the inter-polarity between a 
number of hospital inputs and outputs. In 
these terms and during the last years, the 
estimation of the efficiency of H.U., is made 
with the use of DEA7, which conducts an 
analysis for all H.U. inputs and outputs8-17. 
Banker et al.18, and Chang19 applied 
econometric analysis and DEA to obtain a 
comparative evaluation of the relative 
efficiency of hospitals. Thanassoulis et al.20, 
applied DEA to assess units providing 
perinatal care in England and to estimate 
performance targets for them. Ozcan and 
Lynch21 applied DEA, while Lynch and Ozcan22 
used DEA and logistic regression to 
determine if technical efficiency is related 
to rural hospitals closure.  

The investigation of expenditure 
management in H.U. which expertise in the 
treatment of infections is of great concern, 
due to the fact that recent studies have 
proved that more than 12% of the patients 
present infections while they are treated30. 
Mismanagement in H.U. is an issue which 
needs special care, especially in the field of 
variable expenditures. The application of 
quantitative analysis, in order to answer the 
question of the „appropriate‟ or 
„inappropriate‟ management of financial 
resources used for infections treatment, is 
applicable to the comparative evaluation of 
H.U.‟ administrations, as far as the extent of 
the efficient utilization of variable 
expenditures is concerned.  

The questions that will be answered by 
the application of the comparative 
evaluation of H.U. and will lead to the 
essential information about the proper 
management of the particular variable 
expenditures are the following: 
1) Which is the H.U. that succeeds in 

perfectly utilizing its variable 
expenditures and as a result is the 
benchmark for the Administrations of the 
rest H.U.? 

2) In what extent is the management of all 
as well as individual variable 
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expenditures on infections treatment 
„inappropriate‟? 

3) In what extent is each individual category 
of expenditures „responsible‟ for the final 
comparative evaluation? 

 
Method and material  
 
Data Sources : Data availability and accuracy 
is significant as it directly affects the 
conclusions which concern the H.U. 
efficiency. It is the purpose of this study to 
provide the appropriate conditions by using a 
comparative analysis of 16 Greek public H.U 
for the treatment of hospital infections23. 
The research is based on data collected from 
official public sources24-30 and on data 
published in Yearbook of Health (1994) by 
Greek Ministry of Health26. The database of 
this study was partially covered from data 
given by Greek National Statistical Service 
for the decade 1992–2002 and from health 
data provided by the OECD (Organization for 
Economic Co-operation and Development) for 
the year 2002. The data were also combined 
with primarily collected data directly from 
hospital units of the sample. 
Data Development Analysis (DEA):The 
quantitative analysis method used in this 
work, is DEA, which is a technique for the 
evaluation of the efficiency of a number of 
producers or decision making units7, 31-35.  
DEA works by estimating a piece-wise linear 
envelopment surface, known as the best 
practice frontier35. Despite its 
limitations34,36, the DEA model has several 
important advantages over parametric and 
econometric approaches. Two of the most 
important are, primarily the flexibility of not 
imposing a particular functional form on the 
production frontier32-34 and secondly, the 
ability to handle multiple-output, multiple-
input technologies in a straightforward way, 
which is considered an important feature 
when assessing efficiency in public sector 
activities32. For a review of DEA health care 
studies see Hollingsworth et al.37, Ozcan et 
al.38, and Chilingerian and Sherman39. Several 
other areas of application include 
hospitals19,33,35,38-42, perioperative services35, 
surgical operating rooms44, and physicians45. 

This study extends the use of DEA in health 
care to H.U. for the infections treatment. 
The analysis provides detailed information at 
the level of Greek units‟ performance that 
provides health services on population of the 
urban area of the country (Greater Athens 
Area - GAA). This level of detail is necessary 
for policymakers to make decisions on which 
individual units should undergo changes. Low 
efficiency is usually related to excess 
resources. Thus, the model can be used to 
explore the effect on efficiency of 
decreasing input resources. The DEA model 
can be used to explore some of the 
underlying reasons for inefficiency. 
 
Input and Output Definition: In order to 
execute a DEA assessment for a group of 
units, an appropriate input set is necessary 
to be defined, which will reflect the 
resources used by the units and an output set 
of the results obtained32,36,39.  In order to 
estimate the degree of comparative 
utilization of the financial resources, which 
are used by the units of this sample and can 
be defined as approximate factors of 
infections, DEA33,44,45,46 was used by applying 
three assumptions, as far as the structure of 
inputs and outputs is concerned. In 
particular, the following inputs were used: 
o Expenditures on antiseptics 
o Expenditures on antibiotics 
o Expenditures on laboratory examinations 

which refer only to infections treatment. 
Critical results have been drawn by recent 
studies, indicating that a) expenditures on 
antiseptics, b) antibiotics and c) laboratory 
examinations for infections treatment, 
constitute approximately 80% of the total 
variable expenditures for infection 
treatment30. 
 Correspondingly, the following 
outputs were used: 
1. The number of patients for infections 
2. The number of inpatient days 
3. The cumulative result of the number of 

patients and the number of inpatient 
days 

 It is the purpose of the use of three 
different DEA scenarios, to compare their 
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results and possibly confirm the exported 
conclusions.  
The reasons why these inputs and outputs 
were selected are the following: 
1. Operation (non variable) costs such as 

salaries of medical and administrative 
personnel, equipment support e.t.c, 
were not used as inputs, because no 
flexibility is offered, by the legal 
framework of the Greek public H.U., 
concerning suggestion for their possible 
improvement. Thus, a possible conclusion 
suggesting reduction of personnel or 
closure of a whole department would not 
be applicable due to the existing 
framework.                

2. On the contrary, variable expenditures 
can be readjusted in case 
mismanagement is noticed and possible 
solutions may be proposed as an 
alternative.  

3. Finally, these specific outputs are widely 
used in comparative evaluations of public 
H.U. with the use of DEA, while the 
corresponding inputs refer to special 
categories of variable expenditures, 
which are strongly related to hospital 
infections.  

 As a result, DEA was applied in three 
evaluating scenarios concerning the 
comparative utilization of the specific 
financial resources used by the 16 H.U. of 
the sample. The above-mentioned data 
derive from the activity of the 16 H.U. in 
2006. 
 
Sample selection: The H.U. that constitute 
the sample will be referred to as presented 
in table 1. The first 15 H.U. are operating in 
GAA and the last one in the Region. The 
sample consists mainly of GAA‟s H.U. due to 
the fact that they receive approximately 40% 
of the country‟s cases. Furthermore, GAA is 
presumed as one of the most polluted 
regions of the country (and it is well known 
that hospital infections are strongly related 
to environmental pollution and especially 
indoor pollution). Finally, approximately 39% 
of the rest of the country patients usually 
visit GAA‟s HU in a constant basis. 
 

Table 1: The constitution of sample C 

a/a Hospitals 

1 H1 

2 H2 

3 H3 

4 H4 

5 H5 

6 H6 

7 H7 

8 H8 

9 H9 

10 H10 

11 H11 

12 H12 

13 H13 

14 H14 

15 H15 

16 H16 

 
Results and discussion 
 
DEA was used by applying three scenarios, as 
far as the structure of inputs and outputs is 
concerned. Table 2 summarizes the 
input/output characteristics of the three 
scenarios. 
 The results which are derived by the 
use of DEA in the three scenarios derive 
results refer to: 
(a) the degree of the comparative evaluation 
of the production resources being used 
(b) the contribution extent of the production 
resources being used to the whole 
comparative evaluation  
(c)  the inefficient production resources.  
The implementation of DEA, with the use of 
the inputs and outputs described, led to the 
results presented in table 3 that concern the 
evaluation of H.U. of the sample.  
 Regarding the results derived from 
the application of DEA for the three 
alternate scenarios, considering as criterion 
the total utilization degree of inputs, the 
H.U. 14 and 15 present the most satisfactory 
operation and constitute model units or 
report units for the rest H.U. of the sample 
(see table 3). 
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Table 2: Input / Output characteristics of the 
three DAE scenarios 

 Scenario A Scenario B Scenario C 

Input 
Expenditur
es on 

antiseptics 
antibiotics 
laboratory 
examinatio

ns*  
 

 antiseptics 
antibiotics 
laboratory 
examinatio

ns*  
 

antiseptics 
antibiotics 
laboratory 
examinatio

ns* 
 

 
Output 

The 
number of 

patients for 
infections 
 

The 
number of 

inpatient 
days 
 

The 
number of 

patients 
and the 
number of 
inpatient 

days 
 

* referring only to infections treatment 
 
 
Table 3: Final comparative evaluation in 
accordance with DEA scenarios (Technical 
efficiency score %) 

 

H.U. Α Β C 

H1 94.5 66.9 94.52 

H2 33.4 40.7 40.70 

H3 26.6 29.7 29.74 

H4 23.4 23.1 23.77 

H5 21.7 27.9 27.91 

H6 30.1 45.8 45.80 

H7 23.4 47.1 47.06 

H8 60.8 50.5 60.77 

H9 45.6 29.9 45.63 

H10 41.8 35.0 41.77 

H11 35.3 37.0 35.30 

H12 73.3 57.0 73.25 

H13 30.3 34.9 34.85 

H14 100.0 100.0 100.00 

H15 100.0 100.0 100.00 

H16 32.6 100.0 100.00 

Having as criterion the provided 
evaluations of the three DEA scenarios, a 
prioritization of the H.U. has been produced, 
which is presented in table 4. With the use 
of the complex prioritization the individual 
prioritization values of the three scenarios 
are co-estimated, producing a total value 
which characterizes each H.U. taking under 
consideration all the three cases.  
 

Table 4: Prioritization of Hospital Units having 
as criterion the utilization degree of production 
resources  

HOSPITALS PRIORITIZATION IN EACH 
SCENARIO 

COMPLEX PRIORITIZATION 

 Α Β Γ SUM* PRIORITIZATION** 

H1 2 2 2 6 2 

H2 8 7 9 24 8 

H3 11 10 12 33 12 

H4 12 13 14 39 13 

H5 15 12 13 40 14 

H6 13 6 6 25 9 

H7 14 5 5 24 8 

H8 4 4 4 12 4 

H9 5 11 7 23 7 

H10 6 8 8 22 6 

H11 7 14 10 31 11 

H12 3 3 7 13 5 

H13 10 9 11 30 10 

H14 1 1 1 3 1 

H15 1 1 1 3 1 

H16 9 1 1 11 3 

* sum of the prioritizations of the three 
scenarios for each H.U. 
**prioritization which derives from the 
estimation of the sum values 
 
Table 4 clearly indicates that H.U. (14) and 
(15) achieve a remarkable utilization of the 
production resources. On the other hand, 
H.U. (5) and (4) present inefficient 
utilization degrees of production resources, 
no matter which one of the three scenarios is 
applied.  
 
Specific Gravity of Individual Production 
Resources  
The information concerning the contribution 
degree of inputs (production resources) being 
used, is important for the final comparative 
result. Special gravity on individual 
production resourses is the percentage 
contribution of each input in the 
determination of the efficiency score. 
Thus, DEA analysis indicates that the inputs 
which contribute more than 50% to the final 
comparative evaluation are those presented 
in table 5. From the above-mentioned data it 
is clear that the expenditures on antibiotics 
are the most decisive and determinative 
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factor of the final comparative evaluation in 
most H.U. of the sample. 
 
Table 5: Number of Hospital Units, in which the 
individual inputs contribute more than 50% to 

the final comparative result. 
 

  Input Category 

DEA Scenario Expenditures  
on Antiseptics 

Expenditures  
on Antibiotics 

Expenditures on 
Laboratory 
Examinations 

Α 3 7 5 

Β 1 9 6 

C 2 8 5 

 
Inefficient Production Resources  
The existence of „inefficient production 
resources‟ indicates „management 
pathogenesis‟, as well as pathogenesis in 
expenditures (see table 6). This factor 
indicates the percentage of inputs which is 
not efficiently used and their absence would 
not affect the final efficiency score.    
 
 
Table 6: Number of Hospital Units that present 
‘Inefficient Production Resources’  
 

 Inefficient Production Resources 

DEA  
Scenario 

Expenditures 
on 

Antiseptics 

Expenditures 
on 

Antibiotics 

Expenditures 
on 

Laboratory 
Examinations 

Α 10 5 3 

Β 10 1 3 

C 10 4 3 

 
 From the above-mentioned data 
arises that the expenditures on antiseptics 
are presented in most H.U. as „inefficient 
production resources‟, which indicates that 
the expenditures on antiseptics are 
important factor of management 
pathogenesis. Table 7 presents the amount 
of variable expenditures, which absence 
would not affect the final efficiency score. 
 
 
Table 7: Variable expenditures that should not 
be spent 

 
 

  Expenditures on 

Hospital 
Units 

Antiseptics Antibiotics Laboratory 
Examinations 

H1 62751 460859 _ 

H3 33301  _ 

H4 39229 133253 _ 

H5 41578 _ _ 

H9 28079 _ _ 

H10 21061 48459 _ 

Total 225999 642571 _ 

 TOTAL:868570   

 
Conclusions 
 
As far as the variable expenditures are 
concerned, the H.U. of this sample have to 
restrict the level of financial resources, 
which in absolute magnitudes and 
expenditures category are presented in table 
7. As a result they would restrict their 
particular variable expenditures by 868.570 
euros or by about 8%, in case they 
compromised their operation with the 
model-units of the sample. 
 In relation to the methodology used 
for the comparative evaluation of the H.U. of 
this sample, simply economic criteria were 
taken under consideration43.  It is namely 
regarded that there are no particularities in 
the cases of infections. The only criterion 
reflecting the particularity of infections from 
medical point of view is the output of the 
number of inpatient days in combination 
with the number of patients.  
The information arising from the 
investigation is: 
 
a. The comparative evaluation made possible 
to point out the H.U. that operate in a 
„model‟ way and at the same time it 
remarked the comparative efficiency of the 
rest of the units. Consequently, 14 out of 16 
administrations of the particular sample 
presented problems regarding the utilization 
of financial resources that they manage, for 
the treatment of patients with infections. 
These findings are quite significant for the 
following reasons: 

Firstly, they point out to the H.U.‟ 
administrations that they should reconsider 
or change the processes of evaluation of 
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particular financial resources by taking under 
consideration the corresponding 
administrations of the “model” H.U. 
Secondly, useful information is provided for 
the state agencies, in order to establish the 
appropriate measures, in the frame of the 
present legislation. Beyond the above-
mentioned, the best financial resources‟ 
evaluation, provide quality upgraded nursing 
services. 
b. The production resources, to which the 
efficiency level of the administration is 
attributed, are pointed out. Thus, H4 
presents a comparative degree of evaluation 
in the order of 23%. Consequently, it is 
necessary to find the activity sector that 
does not work efficiently. The answer to this 
problem is given by the 14 H.U.‟ quantitative 
analysis. As a result, their administrations 
have to focus on the indicated activities, so 
as to take the appropriate measures. It is 
obvious that this information is quite useful 
even to the dominant H.U.‟ administration 
agencies, which have the responsibility to 
observe the evaluation degree on the whole 
as well as with regard to the individual 
financial resources for health care. 
c. Valuable results emerge from the 
evaluation of utilization degree of each 
particular production resource, which is used 
as an „input‟ in the application of DEA.  
Thus, for example H1 spends 460.859 € more 
than the permissible amount, as it utilizes 
the production resource „financial resources 
for buying antibiotics‟ in an uneconomical 
way. The above-mentioned information is 
given according to the corresponding 
financial resources‟ evaluations of the 
„model‟ H.U. (14), (15) presented in this 
sample. 
 In conclusion, it is possible to define 
the number of patient or inpatient days that 
the H.U. of the particular sample should 
supply, in order to achieve excellent 
utilization degree of their production 
resources. The „best policy plan‟ that has to 
be adopted by each one of the 14 H.U. of the 
sample, having as benchmark H.U. 14 and 
15, which are assumed as the best-practice 
H.U. concerning the management of the 

particular financial resources, is clearly 
provided. 
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