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                                                    ABSTRACT 
 

 

Nowadays in Italy we have about 1050 hospital facilities scattered throughout the country, 

both public and private. The various facilities differ from each other for many factors, such 

as whether they are under the management of an ASL or have their own General 

Management, or for example differ in the number of beds available, the availability of 

specific medical equipment, and more generally for the organizational model of the 

individual facility and the geographical area of competence.        

Many of them are specialized in particular medical fields, but on the whole they all have 

common areas of action, such as a department dedicated to cardiovascular pathologies, 

those related to the nervous system up to the trauma and maternity departments and many 

other departments and sub-departments. In short, we have a large number of hospital 

facilities, each of which differs from the others in a myriad of factors. All of these variables 

led us to wonder if there was a way to evaluate the performance of each hospital facility as a 

whole while taking into account the performance of the individual departments, and then 

look for a way to obtain a final value for each facility that was a combination of the level of 

performance of the individual departments. 

So we decided to use a method that until now had been used in many areas, from finance to 

sustainability, through the environment and many others, namely that of compound 

indicators. In this thesis we will show you how we have constructed a compound indicator 

whose sub-indicators measure the performance of individual hospital departments and 

ultimately give an overall picture of the quality of the performance of each hospital as a 

whole. This type of analysis allows us, once completed, to be able to compare the various 

facilities and also find out if there are any correlations between the quality of the 

performance of the facilities and for example the capacity in terms of beds of the same, or 

their geographical location or for example if they are independent facilities or linked to an 

ASL and many other possible correlations. 
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                             SOMMARIO 
 

 

 

Oggi in Italia abbiamo circa 1050 strutture ospedaliere sparse sul territorio nazionale, sia 

pubbliche che private. Le varie strutture si differenziano tra loro per molti fattori, come il 

fatto di essere sotto la gestione di una ASL o di avere una propria Direzione Generale, o ad 

esempio si differenziano per il numero di posti letto disponibili, per la disponibilità di 

specifiche attrezzature mediche, e più in generale per il modello organizzativo della singola 

struttura e per l'area geografica di competenza.        

Molte di esse sono specializzate in particolari campi medici, ma nel complesso hanno tutte 

aree di azione comuni, come un reparto dedicato alle patologie cardiovascolari, quelle 

legate al sistema nervoso fino ai reparti di traumatologia e maternità e molti altri reparti e 

sottoreparti. Insomma, abbiamo un gran numero di strutture ospedaliere, ognuna delle 

quali si differenzia dalle altre per una miriade di fattori. Tutte queste variabili ci hanno 

portato a chiederci se ci fosse un modo per valutare la performance di ogni struttura 

ospedaliera nel suo complesso tenendo conto della performance dei singoli reparti, e 

quindi cercare un modo per ottenere un valore finale per ogni struttura che fosse una 

combinazione del livello di performance dei singoli reparti. 

Così abbiamo deciso di utilizzare un metodo che finora era stato utilizzato in molti settori, 

dalla finanza alla sostenibilità, passando per l'ambiente e molti altri, ovvero quello degli 

indicatori composti. In questa tesi vi mostreremo come abbiamo costruito un indicatore 

composto i cui sotto-indicatori misurano le performance dei singoli reparti ospedalieri e 

alla fine danno un quadro complessivo della qualità della performance di ogni ospedale nel 

suo complesso. Questo tipo di analisi ci permette, una volta completata, di poter 

confrontare le varie strutture e scoprire anche se ci sono delle correlazioni tra la qualità 

delle prestazioni delle strutture e ad esempio la capacità in termini di posti letto delle 

stesse, o la loro posizione geografica o ad esempio se sono strutture indipendenti o legate 

ad una ASL e altre possibili correlazioni. 
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                    INTRODUCTION  

 

 
 

The concept of quality applied to health care, according to Donabedian, is represented by 

the "ratio between the health improvements obtained and the maximum improvements 

achievable on the basis of the most advanced knowledge and available resources". 

Quality was born at the dawn of the 20th century. At a distance of a century much has been 

done and many techniques and achievements have been developed especially in 

environments other than health care and therefore in sectors that have had to apply 

innovative strategies to continue to survive in a world in continuous evolution. 

Italian healthcare has also begun a slow and perilous journey. The legislative norms on 

quality are still a dead letter in many realities. The supremacy of politics over the logic of 

innovation and improvement of the quality of care and respect for the sick citizen is still 

daily practice. Both the organizational and professional components of quality are still tied 

to the logic of power and free from many of the processes indicated in the preceding pages. 

We hope that Europe, in addition to bringing us closer in the economic sphere, will force us 

to take steps along the road of organizational and professional adequacy in order to give 

answers that are not only more in keeping with the norm and the good dictates of clinical 

practice, but also more convincing and effective to the sick citizen. Our goal in this work is 

to try to measure quality in a proper way, in order to give a clear and understandable image 

about the quality itself and about the way we have calculated it. In this first chapter we will 

see the main aspects of quality but also the different ways in which quality was calculated 

through the years with many different and not always clear methods. 
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1.1 THE EVOLUTION OF QUALITY 

MANAGEMENT METHODS 
 
 

In the last decades many ways to overview and analyze quality in healthcare structures 

have been developed, everyone trying to be an improvement of the previous one 

through the adoption of different methods and parameters. Here we will see some of 

them. 

 

1.1.1 QUALITY ASSURANCE, VERIFICATION AND REVISION 

 

The clinical audit contains elements that are taken from the Quality Assurance (QA) or 

Verification and Review of Quality (VRQ) as commonly defined in Italy. 

QA was originally developed in the United States. It consists essentially of a formalized and 

systematic process aimed at measuring the quality level of medical care, identify any 

existing problems, design activities capable of resolving them, verify over time that 

corrective actions are effective. 

In Italy the method was introduced in 1984 by the Italian Society of VRQ. 

The main operational phases of a VRQ model can be summarized in the so-called "quality 

spiral": 

- identification of issues to be evaluated, 

 - selection of priorities, 

- selection of the most appropriate methodology to determine the dimensions of each 

problem, 

- development of criteria and standards for measuring and comparing aspects of the reality 

being evaluated, 

- Identification of deficiencies by comparing existing reality with each criterion and 

standard, 

- identification of the actions necessary to eliminate the deficiencies, 

- re-evaluation of care, after an appropriate interval of time to verify whether the 

deficiencies have been effectively corrected. 
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After that Continuous Quality Improvement (CQI) replaces the previous "Quality 

Assurance" and "Quality Verification and Review". 

CQI refers to a set of activities aimed at monitoring and improving processes and outcomes. 

A QM system includes carrying out QM projects, monitoring important processes and 

outcomes using a system of indicators, developing or adapting and updating organizational 

procedures and professional guidelines and verifying their application, and participating in 

accreditation or certification programs. 

An CQI project starts with the identification of a quality problem and ends with the 

assessment of the improvements made. 

The phases of an CQIA project be divided into identification of the possible problems to be 

addressed, choice of the priority problem, definition of criteria, indicators and thresholds of 

good quality, design of the study to identify the possible causes of the problem,  

execution and analysis of the study, design of the improvement intervention (who does what 

and when and who remembers to whom if they have done it), application of the 

improvement intervention, evaluation of the impact in the short term, in the medium - long 

term (6 months - 1 year) and at the end of the intervention, and communication of the 

results. 

Generally we talk about the QM cycle or spiral because if satisfactory results are not 

obtained, we change the criteria and indicators and/or interventions until satisfactory results 

are obtained and then we do not stop, but move on to another problem. 
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1.1.2 TOTAL QUALITY MANAGEMENT (TQM) 

 

Total quality was born and developed in Japan, where it is considered a key element for the 

success of any productive activity. 

The canons of TQM provide for the overcoming of the concepts of service quality 

(therapeutic efficacy) and system quality (certification, accreditation), in order to reach the 

control of organizational aspects (planned quality and delivered quality), of the relationships 

with the user (expected quality and perceived quality), but also for an evaluation of 

competitiveness operated through techniques of "benchmarking". 

Although TQM is a management style developed in an industrial environment, it appears to 

be particularly adaptable to the context of Healthcare Organizations. 

The activity of quality improvement of healthcare organizational processes must take place 

on the basis of a dedicated organization and an operational approach based on the FOCUS-

PDCA model, F(find) O(organize) C(clarify) U(understand) S(select), P(plan) D(do) 

C(check) A(act). 
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1.1.3 ISO 9000 CERTIFICATION 

 

The ISO 9000 (International Standards for Organizations) are standards of general 

application that can be adapted to all sectors of production of goods and services and are 

 used when there is a need to demonstrate one's ability to design and supply a compliant 

product. 

The requirements of these standards are built to provide assurance to the customer not 

through control over the outcome but, rather, on compliance with predefined processes and 

procedures, so that the risks of non-compliance can be drastically reduced. 

Quality systems inspired by ISO standards are very common in firms producing goods. 

Another important feature of ISO standards concerns the possibility of integration with 

other systems such as QM. In this sense, the quality system inspired by ISO 9000 can be 

considered an important first step towards the more complex total quality system. 

 

The standards that came into force at the end of the year 2000, known as ISO 9000:2000, 

make the model very similar to that of Total Quality Management, with a general 

convergence of all quality models.The basic choice of ISO 9000:2000 is to orient the 

standard towards the so-called "process approach". This valorization of "processes" as a 

primary reference for the adoption of Quality Management Systems, starts from the 

consideration that it is the processes that provide the added value of an organization and that 

therefore it is to them that the main attention should be paid in order to aim at greater 

effectiveness and operational efficiency. 

This approach to processes is in line with the most recent organizational approaches, which 

tend to downsize the role of the company's "functions", which are called upon to redirect 

their attention towards improving the processes involved. 

The identification and analysis of the processes carried out by the organization is an 

important step for those who intend to adopt a quality management system. 
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1.1.3.1 PDCA CYCLE 

 

The development of the quality system according to ISO 9000:2000 is based on the PDCA 

cycle, better known as the "Deming cycle".  

 

 

 

 

 
 

 

 

 

 

 

 

 

In the context of a quality system, the PDCA cycle represents a dynamic cycle that can be 

applied both to the single process and to the network of processes as such. The cycle is 

closely associated with the planning, implementation, control and continuous improvement 

of implementation processes. 
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- Professional quality 

 

Because of what we have said about guidelines, it was soon realized that organizational 

models and evaluation systems must therefore be complemented by systems suitable for 

verifying clinical outcomes in terms of survival and quality of life. 

Among the certification and accreditation systems, taking into account that ISO-type 

systems are non-specific and based on process analysis without adequately taking into 

account professional aspects, accreditation models of excellence have been developed. 

 The Italian Society of Nephrology has written that accreditation of excellence is based on a 

logic of comparative type between homogeneous realities, typical of benchmark systems; it 

does not use, therefore, a predetermined standard as an element of measurement but 

operates by reference indexes continuously variable in time and space as related to the 

quality of professional performance (best practices) that have been realized in a given 

period. Starting from the hypothesis that the best practice is relative to the context, and 

changes continuously in function of the context and of the scientific evolution, the 

excellence accreditation proposes to support an incremental improvement of the quality of 

the assistance, highlighting the quality of the professional performances and comparing 

among them the performances obtained by homogeneous services within a determined 

reality, or the performances obtained in time by the same service. 

In essence, the accreditation of excellence highlights the constant component of uncertainty 

inherent in medical activity, and with an ex-post evaluation allows to define  

the positioning of a service with respect to the best performance obtained by the reference 

model. On the other hand, only through a mechanism of this kind, it is possible to translate 

into measurable entity the dynamic process that comes from the continuous effort to 

improve one's professional performance. The difference between the two systems becomes 

clearer if a comparison is made by examining, in particular, the following variables: the 

identity and role of the evaluators, the ways in which indicators are constructed, and the 

effects of accreditation. 
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In an accreditation of excellence procedure, particular emphasis is placed on the question of 

consensus: criteria and indicators (and their weighting system) are defined through a long 

process of comparison and validation among "peers". 

Criteria and indicators are also continually updated, as they always take as a reference point 

the state of excellence achieved. 

The evaluation can be done among peers or by an independent agency, but the evaluators 

are always healthcare professionals. 

 

- Process and outcome measures 

 

Health care quality measures, including process measures, have been developed for various 

approaches so that they can be used for analysis of care provided or utilized and for the 

 efficiency improvement. For all of these purposes, however, it is imperative that they be 

understandable, scientifically based, generalizable, and interpretable. 

 

The outcome evaluations are certainly the most truthful and the most precise in determining 

the quality of care, as was stated in an article in Science a few years ago . Unfortunately, 

outcome evaluations are time-consuming to obtain, even if at the end you definitely have a 

definitive answer. Process evaluations, on the other hand, are much easier to implement and 

control, even if one is not sure of the outcome they will lead to. 
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1.2 THE THREE ASPECTS OF QUALITY 
 

 

 

According to his classic tripartition, the axes of quality are addressed to structure 

(organizational quality), process (professional quality), and outcome (results quality). 

When we talk about structure (organizational quality) we refer to the resources available, 

personnel, equipment, buildings, etc., and the organizational methods of these resources. 

When we talk about process we mean the product, the performance, their timeliness and 

their appropriateness with regard to intervention decisions, the level of execution and the 

use of resources. So the dimension of process quality refers to technical correctness, 

coordination and integration of the same, as well as continuity of care. 

Therefore it is the axis that refers to the behavior of the operators. 

In total quality indicates a finalized and interconnected sequence of activities with the aim 

of providing a product to the customer. This sequence almost always involves more than 

one organizational unit and more than one professional figure. 

Processes are all the more important the more likely, based on scientific evidence and expert 

consensus, that favorable outcomes will occur. 
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In the world of industrial quality, but also in health care, a lot of weight is given to process 

analysis as a means of improvement, especially if there is a question of appropriateness of 

performance. 

When we talk about outcomes, we mean changes in health conditions due to health care 

interventions. In a positive sense, they are understood as the prolongation of life, the 

reduction of suffering and disability. In a negative sense they are represented by 

complications and negative effects. In the field of prevention, the outcome is a reduction in 

the incidence of disease. 

A particular outcome is the satisfaction of patients, family members and the general public. 
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1.2.1 THE INDICATORS OF THE THREE AREAS            

 

                                          

 

1 STRUCTURE INDICATORS 

These incorporate the underlying, innovative, hierarchical and proficient necessities of 

medical services offices, as accommodated by provincial guidelines for institutional 

certification. Sadly, notwithstanding, this kind of pointer has its constraints, like the 

dissimilarity in the task of least necessities between areas or the shortfall of occasional 

assessment systems. In a licensed office that conveys fitting cycles, restricted proficient 

ability might think twice about nature of care. Eventually, underlying markers characterize 

the "attributes of the compartment" in which care is given, and their consistence with 

certification necessities is a condicio sine qua non for ensuring the nature of care. 

More in detail we could divide structure indicators between: 

- Accessible assets (in faculty, hardware, structures, subsidizing). 

- Administration methodologies or, for Donabedian, framework plan: presence of a program 

to draft and refreshing of rules, presence of an award framework and a quality-arranged data 

framework, thoughtfulness regarding decency and congruity of administration. 

quality-situated, consideration regarding value and progression of execution. 
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2 PROCESS INDICATORS 

 

They measure the fittingness of the consideration interaction corresponding to reference 

norms: rules, care pathways. 

Considering that they don't give data on the aftereffects of care (results), process pointers 

are characterized as intermediaries (substitutes), since they are possibly ready to foresee an 

improvement in care results. This predictivity - characterized as vigor - is firmly connected 

with the strength of the clinical suggestion on which the pointer is assembled. As such, the 

more vigorous the proof reporting the adequacy of a medical care mediation, the more 

grounded the clinical suggestion and the more strong the comparing system marker. 

 

We could sub-divide them into: 

 Organizational cycle 

- Volume of administrations (item), for instance, hospitalizations, long periods of 

hospitalization, short term visits, weighted or not by intricacy and utilization of assets, for 

instance, by DRG focuses; the connection between exercises performed and assets utilized 

compares to the supposed functional or useful productivity; 

- Hanging tight times for administrations. 

- Coordination and reconciliation of administrations. 

- Progression of care. 

- Nonexclusive suitability, connected with the degree of execution of administrations 

(hospitalization, day emergency clinic, short term, home) and to the degree of care. 

medical clinic, short term, home) and the utilization of assets, for example propriety of long 

periods of hospitalization; long periods of hospitalization are fitting in this sense when 

administrations are performed for which hospitalization is fundamental. 

- Support exercises and exactly: 

- Execution of preparing exercises: amount and quality. 

- Completing exercises focused on the assessment and improvement of value: interest in 

boards and working gatherings, identification of 

This implies that recognizing markers for assessment and improvement is conceivable. 

- Nature of the administrative exercises really did, for instance, the strategies used to 
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This can be accomplished through the use of the prize framework or the inclusion of staff. 

 Professional interaction 

- Explicit suitability of mediation choices. This is the main classification. It ought to be 

perceived as the utilization of viable administrations (preferably, the most practical) for 

individuals or in the circumstances and times for which they are demonstrated, in the 

illumination of the proof of the global writing and additionally, optionally, of expert 

agreement (one model is the presentation of fundus assessment in diabetics, one more is the 

organization of convenient thrombolytic treatment after myocardial dead tissue). Note that 

any discussion of effectiveness or conventional fittingness ought to come subsequent to 

thinking about unambiguous propriety: barely any things appear to be more silly than 

proficiently doing pointless or even hurtful things. 

- Accuracy of execution (for example for medical procedure and psychotherapy, 

symptomatic tests) 

- This can be accomplished by the utilization of a mix of the accompanying: a) the capacity 

to offer types of assistance sooner rather than later to expand their viability; and b) the 

capacity to offer types of assistance as quickly as possibly. 

- Ways of behaving of wellbeing experts connected with care and regard for clients and 

their families, e.g., in giving data, guidance and backing. 

Ways of behaving of wellbeing experts connected with care and regard for clients and 

relatives, for instance, in giving data, acquiring informed assent, including them in 

decisions, and advancing self improvement. 

 

 

 

 

 

 

 

 

 

 



 20 

 

Benefits 

 

They straightforwardly measure the suitability of medical care intercessions (preventive, 

indicative, helpful, rehabilitative, palliative, help) recommended to patients, archiving the 

nature of the expert demonstration. 

Contrasted with result pointers, they are less impacted by case-blend contrasts. 

They permit the distinguishing proof of unseemliness (in abundance and in deformity), 

proposing early areas of progress in the consideration cycle. 

 

Disservices 

 

Given the trouble of getting process pointers from corporate data frameworks, it is 

important to design an organized clinical review or have committed clinical information 

bases. 

Contrasted with result markers, they are viewed as less applicable by chiefs and patients 

and, to some degree, by experts. 
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3 RESULT INDICATORS 

 

They report an adjustment of care results: clinical (mortality, dreariness), monetary 

(immediate and backhanded costs) and humanistic (personal satisfaction, client fulfillment). 

Considering that clinical results, notwithstanding the nature of care, are impacted by various 

determinants (hereditary foundation, ecological variables, financial circumstances), the 

primary component that influences their power is the time passed since the cycle was 

conveyed. For instance, in medical clinic care, result pointers are exceptionally powerful in 

the event that deliberate by release, tolerably strong as long as about a month: they 

dynamically "debilitate" to a variable degree, likewise comparable to the quantity of 

expected determinants. A further component that influences their power is an archived 

volume-result, still up in the air by an elevated degree of specialized ability and a 

consideration setting of greatness. 

The subcatergories of this kind of indicators could be: 

- Last wellbeing results, comprehended as a decrease in distress, enduring, and utilitarian 

handicap (e.g., satisfactory torment control, characterized as a score of 3 or less on an 

emotional agony size of 1 to 10); an expansion of life expectancy; and, for preventive 

intercessions, a reduction in the occurrence of sickness; or complexities and symptoms of 

treatments. 

- Middle results, addressed by organic changes (e.g., decrease in hypertension or upkeep of 

balanced out blood glucose levels) or conduct changes (e.g., decrease in smoking 

propensities, decrease in liquor utilization, expansion in work out, expansion in infection 

self-administration abilities) or ecological changes, e.g., decrease in air contamination. 

Halfway results are to be thought of as provided that they are certainly or presumably 

connected with the ultimate results. 

- Fulfillment of clients, relatives and everybody with the general quality and different parts 

of care: openness, data got, ability and graciousness of experts, probability of inclusion in 

decisions, inn angles, wellbeing results accomplished. 
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Benefits 

 

As discrete factors, result markers are simpler to gauge and frequently accessible in 

corporate data frameworks, whose culmination/unwavering quality is greatest for financial 

results, halfway for clinical results, insignificant/no for humanistic results. 

They fulfill all partners in a medical services framework: leaders, clinicians, patients. 

 

Disservices 

 

Complex measurable strategies (risk change) are expected to address for case-blend and 

sociodemographic contrasts, irregular variety, and choice impacts. 

They require long perception periods (in the event that the result happens at significant time 

stretches) or potentially extensive quantities of patients (assuming the normal recurrence of 

the result is low). 

The principle cause of result markers is the emergency clinic release structure (SDO), an 

authoritative financial device that has two limits: the "quantitative deformity" of clinical 

results coming about because of shrewd coding and the opposite revealing inclination 

lacking to assess the occurrence of sentinel occasions, won't ever code. 

Indeed, even with the advancement of devices and strategies to forestall specific disservices, 

it is difficult to follow inadmissible/ominous results back to processes on which to mediate 

to work on the nature of care. 

 

 

 

 

 
 
 
 
 
 
 
 



 23 

 
1.2.2 THE INDICATORS PROPERTIES 
 
 

Going more in detail quality could be measured as a combination of these factors: 

-  Accessibility: ability to ensure appropriate care to those who need it; 

- Appropriateness: degree of usefulness of care with respect to the clinical problem and 

knowledge; 

- Competence: level of application of scientific knowledge, professional skills and available 

technologies; 

- Competence: level of application of scientific knowledge, professional skills and available 

technologies;  

- Continuity: degree of integration over time between different health care providers and 

facilities caring for the same individual or group of individuals;  

- Expected effectiveness: potential ability of an intervention to favorably modify the health 

conditions of the individuals to whom it is addressed; 

- Practical effectiveness: results obtained from the routine application of the intervention; 

- Efficiency: ability to achieve health outcomes with the least possible commitment of 

resources; 

 - Safety: the degree to which the care provided places the patient and caregivers at the 

lowest risk;  

- Timeliness: the degree to which the most effective intervention is offered to the patient 

when it is most useful to him or her; 

 - Humanization: the degree to which the culture and individual needs of the patient are 

respected, including with regard to information and quality of service. 
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These different declinations of the concept of quality in healthcare allow us to point out that 

quality does not exist for a single actor, or a category of actors involved in the "health 

process " 

Quality, in a company, is developed through the design and implementation of tools aimed 

at measuring and, therefore, promoting the improvement of one or more dimensions of 

quality in a systemic perspective. In this sense, we speak of Quality Systems that aim to 

support continuous quality improvement processes like generating effectiveness, efficiency 

and satisfaction over time. 

The evolution of the approach to quality in our country, up to the present moment, is 

however characterized by decision-making factors that are not easy to read; quality has in 

fact been officially introduced in our health system, but not without approximations and 

persistent grey areas. 

The basic orientation of the process of reorganization of the National Health System pursues 

the containment of costs, without lowering the quality of services (which implies the need to 

measure it), developing a better effectiveness/efficiency. This postulates the implementation 

of a managerial and organizational model capable of offering precise guarantees of quality 

and of satisfying the needs of users, constituting the strategic variable of success . 

 
 

1.2.3 THE LIMITS OF SINGLE INDICATORS                                                             

 
 

We can utilize a single indicator to quantify the presentation of a solitary viewpoint or 

movement. In any case, when the exhibition of a substance relies upon the blend of a few 

viewpoints, straightforward markers are at this point not adequate to give a total image of 

the degree of execution of that element. 

In late many years, because of the developing requirement for deliberate data on complex 

circumstances, there have been expanding endeavors to make manufactured and complex 

markers, in numerous areas and subject matters, fit for coordinating a lot of data in designs 

effortlessly comprehended by countless individuals. 

As a rule, combination enjoys the benefit of staying away from the show and understanding 

of an enormous number of rudimentary markers to perform more straightforward and 

quicker examinations, particularly in relative terms. 
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The trouble of utilizing total markers connects with the gamble of being deluding or 

instigating mistakes in understanding, additionally because of the strategic hardships 

experienced in developing them. 

Therefore, the introduction of outlines ought to generally be joined by definite data about 

the parts, techniques for development, strategies for translation and their shortcomings. 

Then again, the expansion of composite pointers brings up many issues about their 

exactness, dependability, and straightforwardness (both in systemic and educational terms). 

To be sure, the incredible driving force for the formation of manufactured pointers isn't 

generally joined by thorough strategic turn of events. 

It is in this manner vital to explain the standards and systemic advances prompting the 

development of composite pointers. 

In orchestrating the majority of essential data into a solitary pointer, consideration ought to 

be paid to two viewpoints: 

Consistency between the singular components and their amalgamation should be 

safeguarded. 

The combination should be a stylization of the noticed reality, not a pressure of it. 

 

 

The union activity might concern: 

The combination of the noticed units as per the qualities accepted by at least one pointers. 

The amalgamation of a few rudimentary pointers into a solitary worth (engineered marker) 

for every unit, as in our particular case, where we will incorporate a few markers generally 

connected with various parts of execution yet of a similar emergency clinic structure, then, 

at that point, proceeding to look at the singular designs among themselves. 

So now we can go through the presentation of our composite indicators. 
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          2.1 COMPOSITE INDICATORS 

 
 

An indicator is characterized as "a variable that depicts an attribute of the condition of the 

framework under investigation, either through noticed or assessed information" (Mayer, 

2007). It ought to be complete by measuring or potentially amassing information in regards 

to a particular perspective, and consider assessment of its change after some time, giving 

clarifications for the explanations behind the change. According to this viewpoint, pointers 

cannot exclusively be valuable in addressing a peculiarity, yet can likewise be utilized as 

models and strategies to show up at an evaluation of the presentation of a given framework. 

It is thus that according to a functional perspective, pointers have taken on extraordinary 

importance as help for the board choices. 

Then again, a solitary marker isn't in itself huge, as it barely gives valuable data to depict 

complex peculiarities. Every marker takes on significance provided that it is essential for a 

more extensive construction, pointed toward getting the peculiarities viable and addressing 

them. 

Composite pointers, or lists, are comprised of a few individual markers joined based on a 

basic model. The expansion of lists is a reasonable side effect of their approach significance 

and functional pertinence in dynamic cycles. 

A file is portrayed by a bunch of markers that should communicate different qualities and 

perspectives with respect to a complicated peculiarity. The primary issue experienced in 

fostering a record is the decision of which pointers to incorporate, how to consolidate them, 

the strategy for amassing them, how much data lost and the subjectivity in picking loads 

inside the list. 

For the Organization for Economic Cooperation and Development (OECD), a composite 

marker should essentially be formed thinking about ten stages: 

 

- Hypothetical system: should be created preceding the choice of individual pointers and 

their mix inside a composite marker. 
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- Information determination: markers should be chosen based on their insightful adequacy, 

quantifiability, spatial inclusion, importance of the peculiarity being estimated; the 

utilization of intermediary factors could be viewed as when information are scant. 

 

- Attribution of missing information: it is important to characterize the technique with which 

to treat missing information. 

 

 

- Multivariate investigation: an exploratory examination should be done on the whole 

construction of the marker, surveying the reasonableness of the informational collection and 

making sense of the strategic decisions. 

 

- Standardization: individual pointers should be standardized to make them tantamount, 

focusing on outrageous qualities that could influence the subsequent stages in the 

development of the composite marker. 

 

- Accumulation and weighting: pointers should be amassed and weighted as per the 

hypothetical system, relationship and pay issues should be thought of and revised or treated 

as particular circumstances of the peculiarity being portrayed. 

 

- Strength and awareness: examinations might be dependent upon issues of heartiness of the 

composite pointer as far as, for instance, consideration or prohibition of individual markers, 

standardization, decision of accumulation and weighting approach. 

 

- Back to real information: the composite pointer should be straightforward and reasonable 

to be separated into its source markers. 

 

-Linkages with different markers: connection with existing composite pointers. 

 

-Presentation and perception: a composite pointer can be imagined or 

introduced in various ways, which impact its impact. 
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Analysis of composite markers essentially concerns the sub-parts important for their 

development, as they are frequently impromptu decisions not completely legitimized by the 

creator. 

These techniques ought to consequently be treated with incredible lucidity to have the 

option to evaluate how the strategy is reflected in the eventual outcomes. Lucidity of total is 

significant to evaluate the consistency of the presumptions made and the positioning 

acquired. As a matter of fact, the general nature of a composite marker basically relies upon 

how the model has been joined into the social, political, and specialized organizing process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30 

 

 2.1.1 STRENGTHS OF CI 

 

Once we decide to adopt composite indicators as a method of analysis and 

benchmarking we could benefit from many advantages deriving from their structure 

and their properties: 

 

- They can be used to sum up complex or multi-layered peculiarities with the end goal 

of supporting decision-makers. 

 

- CI have the property to include within themselves a range of aspects and combine 

them together in order to have a global overview about what we are analyzing in 

order to do the best possible benchmark with other entities. Infact they give a wide-

running "image" of the peculiarity.  

 

- Their translation is more straightforward than that expected while endeavoring to 

make an overall image of the peculiarity from a bunch of basic pointers.  

 

- They also have the property of realizing rankings connected with complex 

peculiarities in benchmark operations.  

 

- Finally , once the correct data about the sub-indicators have been chosen, composite 

indicators present an extremely high degree of reliability and validity and lend 

themselves to use in a wide variety of environments, from the financial and 

environmental  one to the healthcare one as we will see. 

 

 

In order to take advantage of all these benefits we have to overcome the issues 

related to the data collection and standardization and to the balancing of the sub-

indicators, issues that we will face in the next step. 
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2.1.2 WEAKNESSES 

 

As anticipated there are two main issues relates to composite indicators: 

 

- The first one is related to the possible lack of data. 

Absence of information regularly disrupts the general flow of creating compound 

markers that are hearty. The shortfall of information can be: 

 

 Totally irregular while the missing qualities don't rely upon the variable of interest 

or on other noticed factors in the dataset; 

 Irregular on the off chance that they don't rely upon the variable of interest 

however are contingent on different factors; 

 Non-irregular in the event that the absence of information relies upon the worth of 

the information. 

 

The investigator's concern lies in the way that, all the time, there is no fundamental 

data to decide whether the shortfall of certain qualities is arbitrary or precise, so it 

becomes challenging to apply instruments of attribution of missing qualities that 

have arbitrariness as a prerequisite. 

 

The three general techniques for the ascription of missing information are as per 

the following: 

 

 Record erasure includes eliminating the unit of investigation for which the 

information is absent from the examination; this procedure disregards the chance 

of methodical contrasts between units with complete and deficient information and 

can hence deliver one-sided gauges; 

 

 



 32 

 The attribution of the missing worth through single ascription (the missing worth 

can be supplanted with the mean, middle or design of the qualities or through 

relapse strategies, hot-deck or cold-deck) or through various ascription. 

 Notwithstanding, suitable contemplations should be given regarding the 

methodology taken for ascription of missing qualities. Outrageous qualities ought to 

be inspected in the event that they become separating values. 
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- The second main issue is related to weighting criteria of the sub-indicators. 

The development of composite indicators derives from the need to join together 

the various components of the peculiarity under study, especially with respect to 

the task of weights. As a matter of fact, it has solid complementary impacts both as 

far as decision-production as for the procedure to be taken on, and as far as 

eventual outcomes. Normally the decisions, beyond what many would consider 

possible, shouldn't expect the personality of intervention, however the 

straightforward pointers ought to be gauged and totaled by the hypothetical design 

hidden them. 

There are different procedures for deciding loads, a few in view of factual models, 

others on participatory techniques, regardless others on master judgment. 

Frequently the loads mirror the nature of the information: higher loads are 

consequently appointed to information that is measurably more dependable, with 

low rates of missing qualities, wide inclusion, and so on the task of loads 

unequivocally affects results: it is subsequently fundamental that the weighting 

model be express and straightforward. Typically the loads are ascribed the worth of 

judgment: starting here of view they hence have the property of making 

unequivocal the goals hidden the development of the compound markers. The topic 

of the importance of the loads is, in any case, much discussed: we will find in a 

particular passage what meaning the loads can expect. 

The period of accumulation of data, which each component of the peculiarity under 

assessment carries with it to the assurance of the composite pointer, is joined by 

gauging. Various strategies for accumulation have been created: straightforward 

markers can be added, increased or consolidated utilizing non-direct methods. 

All in all, we simply need to accentuate how the shortfall of "objective" approaches 

to laying out loads and collections shouldn't be guaranteed to prompt oddball the 

legitimacy of the interaction worked as long as the entire cycle is straightforward. 
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2.2 THE APPLICATION OF R SOFTWARE 

TO COMPOSITE INDICATORS 

 

 

CI's techniques, as we said before, are progressively perceived as a helpful apparatus in 

approach investigation and public correspondence for an assortment of strategy matters like 

public units benchmark, modern seriousness, practical turn of events, personal satisfaction 

appraisal, globalization and development. They give straightforward correlations of units 

that can be utilized to show complex and now and then slippery issues in wide running 

fields, for example the ecological, prudent, social or mechanical turn of events. These 

markers regularly appear to be simpler to decipher by the overall population tracking down 

a typical pattern in many separate pointers and have demonstrated valuable in benchmarking 

nation execution. 

A few stages are associated with making composite pointers: examining the design of basic 

markers through multivariate insights, taking care of the issue of missing information that 

can be missing either in an irregular or in a non-arbitrary style, carrying the pointers to a 

similar unit by standardization lastly choosing a fitting weighting and conglomeration 

model. 

A lot more extensive running writing is found for the conglomeration techniques than the 

one with respect to weight frameworks; in any case, the two viewpoints are connected and 

between woven and regularly lead to similar arrangements. 

The practical troubles in applying composite markers (CI) techniques derived from the 

creation boondocks examination (for example Benefit of the Doubt - BoD) have regularly 

put the commonsense reception of the more perplexing techniques down, while having 

positive properties. 
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Compind bundle make equivalent and effectively measurable composite pointers created 

with a majority of strategies and supports analyst into heartiness examination through 

rehashed reproductions on subsamples of units or factors. Considering that, the principal 

question is: Why CI bundle in R? Answer is simple: R is the most exhaustive measurable 

examination bundle accessible, is free, cross-stage and open source programming, yet 

particularly R is a programming language to reconsidering CI as an assessment device, 

however as a piece of the primary exploration stream making simple portable 

responsiveness investigation through bootstrap replications. 

So the resulting question become: how plan a CI bundle in R? As we will see it, the bundle 

would have these premise properties: 

  It must be basically as straightforward as conceivable to utilize; 

  The language structure must be simple and autonomous from the selected 

Strategy and bundle should cover a few stages of the CI computation. 

Given these premises, Compind R bundle contains a majority of techniques can be summed 

up into: 

- Non Frontier Methods 

- Frontier method 

 

2.2.1 NON FRONTIER METHODS 

 

This segment gives a few capacities ordinarily utilized in the estimation of com-posite 

pointers; Compind carries out the primary strategies proposed in the OECD manual all the 

more firmly connected with numerical system keeping away from all techniques which  

somehow or another would accommodate an emotional decision of the weights, and it’s 

precisely the way we assign weights that classify the Non-Frontier Methods. 

 

WEIGHTING STRATEGY BASED ON FACTOR ANALYSIS 

 

Factor Analysis (FA) plans to depict a bunch of Q pointers i1,i2,...,iQ concerning fewer m 

elements and to feature the connection between these factors. As opposed to the Principal 

Component Analysis, the FA model accepts that the information depends on the basic 



 36 

elements of the model, and that the information change can be disintegrated into that 

represented by normal and one of a kind variables. 

On the issue of how variables ought to be held in the investigation without losing an excess 

of data, methodologists are partitioned; Compind bundle with the ci_factor work offers 

three prospects: 1) method="ONE" (default) the composite marker assessed values are 

equivalent to first part scores; 2) method="ALL" the composite pointer assessed values are 

equivalent to part scores increased by its extent fluctuation and 3) method="CH" it tends to 

be pick the quantity of the part to consider. 

In the wake of picking five pointers it was applied factorial examination deciding to gauge 

the scores on the three parts with the related loadings. 

 

WEIGHTING STRATEGY BASED ON GEOMETRIC AGGREGATION 

 

Geometric aggregation (GA) is a basic technique less compensatory approach than the 

added substance ones; in different terms, units with low scores in certain pointers would 

lean toward a direct as opposed to a mathematical accumulation, that is an expansion in a 

marker worth would have higher minor utility on the composite marker assuming the 

marker esteem is low. 

 

Since in GA compensability degree isn't consistent, in light of the fact that is higher for 

com-posite files with high qualities as well as the other way around, units with low scores 

will quite often lean toward utilization of direct accumulation, attempting to advance their 

situation in positioning. 

 

 

MAZZIOTTA-PARETO INDEX STRATEGY 

 

The MPI is a non-compensative composite record which, beginning from a straight total, 

presents a punishment for the units with unequal upsides of the markers (De Muro et al., 

2010). It is made out of two sections (a proportion of the mean level and a proportion of 

how much unbalance) and, uniquely in contrast to different techniques, might be utilized for 

building both "positive" and "negative" composite records (punishment course). 



 37 

 

WROCLAW TAXONOMIC METHOD 

 

Wroclaw Taxonomic Method is a procedure initially created at the Univer-sity of Wroclaw, 

which has encountered a genuinely far and wide in Italy, particularly for the improvement 

of financial and social markers (see for example Schifini D'Andrea, 1982; Quirino, 1990; 

Mazziotta, 1998) and as of late by Cwiakala-Malys, 2009. It depends on an exceptionally 

straightforward standard: the benchmark is the one that has minimal separation from an 

"ideal" unit, described by the best execution for every one of the pointers considered; 

following the estimation of (Euclidean) distances of all units by the "ideal" one, it can 

construct a rundown in which the various units are requested in extent with the separation 

from the ideal circumstance. 

Independently from the weighting cryteria, non-frontier methods don’t fit perfectly our 

dataset and our goals. Infact the data that we have collect present some gaps, and frontier 

methods as we will see, through an algorithm are able to fulfill them. Frontier methods also 

take into account extraordinary values, for example some data that have values very 

different from the mean and don’t follow the main trend, they standardize the data and the 

program give them an efficient weight in order to have coherent analysys and results. 

 

2.2.2 FRONTIER METHODS 

 

The Frontier Methods otherwise called information envelopment examination are a strategy 

to analyze the overall efficiencies of working units executing processes inside an 

association. 

In a private area association, such investigation could be utilized for instance to evaluate the 

overall effectiveness with which the different creation lines of a modern organization are 

performed or, the 

assessment of the overall productivity of various focuses giving a kind of administrations or 

group works in an assistance company1. 

On account of a public area establishment, such investigation has been utilized for instance 

to evaluate the effectiveness with which State assets are spent, for instance at level of the 

public authority use chief units, on account of social help programs (social spending). 
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To compute the overall effectiveness with which the working units are playing out, the 

hypothetical premise is given by the microeconomic hypothesis and utilizing the devices 

given by Operations Research; disciplines which, with the backing of hypothetical ideas and 

techniques estimation separately, permit looking at the general efficiencies of choice units 

inside a private or public organization. 

The strategy of information envelopment investigation permits recognizing the effective and 

wasteful working units inside an association and to measure the level of productivity. Then 

from the outcomes acquired by the most effective units, a "benchmarking" of the best 

methodology utilized by these units can be performed, subsequently carrying out process 

enhancements for future periods 

First of all Frontier Methods are various and different.  

Table 1 shows BoD-frontier funcionts implemented in compound: more in detail, function 

are particular for the possibility to link the different weight constraints, to be “robust” 

respect to outliers, to include indicators with a negative output, to take into consideration 

external factors and lastly to force a direction previously defined from the author between 

the simple indicators. 
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BENEFITS OF THE DOUBT APPROACH 

 

- This approach is input oriented and offers different advantages: 

- Weights are determined endogenously from past observations and the benchmark 

has no theoretical limits but is a linear combination of the best performances 

observed. 

- The method is easy understandable. 

- It is rarely monotone 

 

So we start by pulling put a room of an hundred units for two simple indicators that we will 

call i1 and i2 and that have binary value [0,1] and successively two particular rows: the first 

one is the outlier while the second represents a NA as value.  

 

 
 

First of all the dataset from where we take the data must not have missing values; in order 

to face this problem we substitute the missing values with the average of all the values of 

that indicator. For this reason everybody Compind BoD function alert the user in case of 

missing values. 
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Given that command the rows with missing values could have been deleted and the Bod 

composite indicator by ci_bod function recalculated in this way. 

 

 
 

 

 

 

- We  could easily understand that the BoD composite value depends upon the 

frontier’s distance. The problem is that weights are specific for each unit and cross-

unit benchmark are not allowed. There are also other three issues that we have to 

face:  

- The multiplicity of equilibria 

- The absence of robustness 

- Non perfect compensability among markers. 
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2.2.1.1 MULTIPLICITY OF EQUILIBRIA 

 

 

 
 

 

The units weights have to be chosen between infinite possibilities. These possibilities 

depends upon the constraints we set to the weights, so higher is the degree of freedom 

lower will be the possibility to have a unique solution. On the other side with very low 

restrictions to the weights there is the possibility that the program gives to some of them a 

null value.  

 

- There are different approaches for establishing weight constraints: 

- Direct restrictions on the weights. 

- Input-output observed level adjustment. 

- Restrictions on virtual input-output. 
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In the last yeasr addictive alternative ways have been proposed like the presence of 

further warranty regions with the aim of underline indicator with higher variance than the 

others.  

The principle at the base of this is to weight the simple indicators on the base of their 

sample variance, in this way the indicators with an high variability will strongly influence 

the composite one. On the other hand this approach presents some consequences: our 

indicator must be red as a “gap indicator” between the different units. The preliminary 

assumption is that every single indicator is a probabilistic variable that follows a normal 

Gaussian distribution: 

 

 
 

 

   In this way every single indicator variance could be calculated in a probabilistic     

   standard and the confidence interval of the variance is: 
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Even if we don’t have a normal distribution , we could still use this method to get 

  the confidence interval for the estimated variance. For each indicator, if the           

  distribution is similar to a Normal one we could also use these nomenclatures for   

  the marginal rates of substitution between indicators: 

 

 

                
 

  

When arise the problem that the lower bound of an interval is in contrast with the upper 

bound of another one, we assume the “benefit of the doubt” attitude where an exact 

relationship between weights is not forced but we only create a range. In Compind 

package the implementation of this model using the ci_bod_var_w function is easy and 

similar to the BoD model.  

Here we show haow variance weighted CI is lower than the BoD one. 
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And here there is the relative plot: 
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2.2.1.2 ROBUST BoD 

 

The introduction of the Robust Bod is due to the need to face the sensitivity of the system 

to eventual extreme values that could have an impact on the frontier framework. 

 

 

 

What we want to do is to draw m observation taken from the original framework of n 

observations, choosing only the one which have an higher basic indicator than the 

evaluated observation C. 
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So in a pratical way: 

 

 

 

 

- We draw m observation only from those observations which are obtaining   

higher basic indicators than the evaluated observation C;  

- We call this set as SETm;  

- We estimate BoD scores relative to this sub-sample SETm for B times;  

- Having obtained the N scores, we calculate the arithmetic average.  
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In this way the unit C is submitted to a less “extreme” comparison instead of the previous 

situation when it was benchmarked to the maximum achievable level of output. The unit C 

is compared to a sub-sample of m observations that have an higher basic indicator than its 

one, and so in this way we take as a reference the maximum achievable CI instead of the 

absolute maximum one. 
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We could see the resulst of the Robust BoD only looking at the graph: 
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Now we look at how to transpose all this in R language. Compind package allows us to 

calculate the Robust BoD using the function ci_rbod. We have also to add two variables: M 

for the numbers of obserbvations of the generic unit i in each sample and B to indicate the 

number of times we replicate the operation. 

 

 

 

 

 

If we also want to have a graphical feedback about the indicator density we could use this 

function: 
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And here is the result: 
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CHAPTER 3 
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                                    THE GOAL  
 
 

 

 

Now that we have presented what are the aspects that measure quality in the most 

varied sectors and we have presented the compound indicators and their 

functionalities, we can now go into detail and apply both concepts to the healthcare 

field and more specifically to individual Italian hospitals. Our goal is to create an 

indicator that is able to measure the overall level of performance of a single hospital 

in terms of the level of success in surgical operations in all areas, considering also 

post-operative developments and the entire period of hospitalization. In order to be 

able to have a picture as complete as possible, it was necessary a big research and 

data processing in order to encompass the largest possible number of aspects of 

which to measure the performance in order to be able to make a comparison 

between different hospitals and perhaps identify cause-effect relationships 

between the level of performance and particular aspects of the single structure. 

In this way, the analysis can be useful both in identifying which structures should 

improve their performance and, above all, in highlighting which aspects, 

departments and factors have the greatest impact on the performance of a single 

hospital structure, so as to be able to focus attention on the most important aspects 

and, if necessary, invest resources to improve them. 
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3.1 DATA COLLECTION 
 

 

The first step in our data collection was to choose what the individual indicators 

should be that would then go into our composite indicator. 

Since our objective was to have as broad a picture as possible so as not to neglect 

any aspect that might affect the general level of performance, our intention was to 

consider as many indicators as possible. 

Our source for the collection of data was initially the website of AGENAS, the 

national agency for regional health services, a public body with a decision-making 

support role for the State and the Regions with regard to the governance policies of 

health systems. The indicators that we are going to present are outcome indicators, 

they are related to the last year we have data about, 2020, and they reflects the 

results of the treatment received by the patients and in some cases also some 

particulars related to the operation itself and to the period of hospitalization of the 

patient. 

The first macro division that is made for the performance indicators is related to the 

different hospital departments, in particular we have 12: 

 

- The first macro area is the one concerning the Cardiovascular area, which 

encompasses all data related to surgical operations in this area but also data related 

to the consequences of operations and any complications; 

 

- The same is true for the Cerebrovascular area where data related to the success of a 

surgical operation and any other necessary operations are recorded; 

 

- The third thematic area is that relating to the digestive system as a whole and all 

types of diseases related to it; 
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- The following chapter is not oriented to a specific apparatus think to a specific type 

of diseases, referring in fact to all infectious diseases;  

 

 

 

 

- The fifth area is the one related to the locomotor apparatus, that is the 

musculoskeletal system and all therapies related to it; 

 

- Then we find the oncology department, with a classification of the possible types of 

tumors, the relative therapies and the cure rates based on the therapeutic path 

followed; 

 

- The seventh area is related to the auditory system and all issues related to it; 

 
 

-  Then we find the pediatric area and annexed to it the perinatal one that deal with 

the path of accompaniment to pregnancy, childbirth itself, and the subsequent 

period of care for both the mother and the newborn; 

 

- The eighth department is dedicated to psychiatry, where the number of patients 

under treatment in this area is presented; 

 

- The penultimate item on the list concerns the respiratory system with a focus on 

one disease in particular, chronic instructive bronchopneumopathy; 

 

- Finally, the twelfth area of expertise is the one that refers to the urogenital 

apparatus, which like other departments can be connected to the oncology section 

or to other areas that describe diseases that may affect different apparatuses of our 

body. 
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Each of these 12 macro-areas is subdivided into further micro-areas and each of 

these in turn finally subdivided into specific indicators that we will present here 

simply by listing them and then go into more detail about those that we will adopt. 

 

CARDIOVASCULA AREA 

Angioplasty (PTCA) 

- Volume of admissions with at least one PTCA 

- Volume of admissions in STEMI patients 

- Hospitalizations for PTCA 

 

Lower extremity arteriopathies 

- Lower limb arteriopathies stage II - IV: volume of hospitalizations 

- Stage III and IV lower extremity arteriopathy: mortality within 6 months of 

admission 

- Hospitalization for stage II lower extremity arteriopathy 

- Lower extremity revascularization: volume of hospitalizations 

- Stage III and IV lower extremity arteriopathy: lower extremity amputation within 6 

months of hospitalization 

- Stage III and IV lower extremity arteriopathy: lower extremity revascularization 

within 6 months of hospitalization 

- Isolated coronary artery bypass 

 

Acute Myocardial Infarction (AMI) 

- Hospitalizations 

- Mortality within 30 days 

- Mortality within 6 months 

- AMI cured with PTCA 

 

 



 56 

 Abdominal aortic aneurysm repair 

- Hospitalizations 

- Mortality within 30 days 

- Mortality within 6 months 

 

Carotid revascularization 

- Hospitalizations 

- Mortality within 30 days 

- Mortality within 6 months 

 

            Heart Failure 

- Hospitalizations 

- Death rate 

- Readmission within 30 days 

- Mortality within 30 days 

 

Vein Stripping 

- Hospitalizations 

- Mortality within 30 days 

- Mortality within 6 months 

 

Thrombosis Embolism 

- Readmission within 30 days 

- Mortality within 30 days 

- Mortality within 6 months 
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CEREBROVASCULAR AREA 

Sub arachnoid hemorrhage 

- Volume of admissions 

 

Stroke 

- Volume of admissions 

- 30-day mortality 

- 30 days hospital readmissions 

- year mortality 

 

Cerebral aneurysm repair 

- Not ruptured: volume of hospitalizations 

- Ruptured: volume of hospitalizations 

 

DIGESTIVE 

Appendectomy 

- Laparotomic appendectomy in pediatric age 

- Laparoscopic appendectomy in pediatric age 

 

Cholecystectomy 

- Laparotomy: volume of admissions 

- Total: volume of hospitalizations 

- Total: hospitalizations 

- Total: hospitalizations of patients with simple calculosis without cc 

- Proportion of cholecystectomies performed in departments with volume of 

activity greater than 90 interventions per year 
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Laparoscopic cholecystectomy 

- Volume of hospitalizations 

- Volume of ordinary admissions 

- Volume of admissions in day surgery 

- Proportion of day surgery admissions 

- Postoperative stay less than 3 days 

- 30 days complications - ordinary regime 

- 30 days complications - day surgery 

 

INFECTIOUS DISEASES 

AIDS 

- Volume of hospitalizations 

 

MUSCULOSKELETAL 

Knee arthroscopy 

- Volume of admissions 

- Reintervention within 6 months 

- Hospitalizations 

- Hospitalization for interventions 

 

Femoral neck fracture 

- Volume of hospitalizations 

- Volume of interventions 

- 30 days mortality 

- Mortality at 1 year 

- Surgery within 2 days 

- Hospitalizations 

 

 



 59 

Tibia and fibula fracture 

- Volume of hospitalizations 

 

Hip prosthesis 

- Volume of admissions 

- Readmissions within 30 days 

- Revision within 2 years 

- Hospitalization for interventions 

 

Knee prosthesis 

- Volume of admissions 

- 30 days readmissions 

- Revision within 2 years 

 

Shoulder prosthesis 

- Volume of admissions 

- 30 days readmissions 

 

ONCOLOGY 

Operations for tumor 

Cerebral 

- 30-day mortality after craniotomy surgery 

- Volume of admissions 

 

Malignant tumor surgery 

Oral cavity 

- Volume of hospitalizations 
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            Colon 

- Postoperative hospitalization 

- Laparoscopic interventions 

- Mortality at 30 days after surgery 

- Volume of hospitalizations 

 

Esophagus 

- Volume of hospitalizations 

 

Liver 

- Mortality at 30 days after surgery 

- Volume of hospitalizations 

 

Larynx 

- Volume of Hospitalizations 

- Larynx TM surgery (open): volume of hospitalizations 

 

Breast 

- Conservative interventions 

- Reconstructive surgery or expander insertion in the index hospitalization for 

Demolitive surgery for invasive breast cancer - with new variables 

- Interventions in wards with volume higher than 135 cases 

- New resections at 120 days after conservative surgery 

- New resections within 90 days from conservative surgery 

- New resections within 120 days after conservative surgery for malignant breast 

cancer - new variables 

- New resections within 90 days after conservative surgery for malignant breast 

cancer - new variables 

- Reconstruction or expander insertion in index hospitalization 

- Volume of hospitalizations 



 61 

 

Ovary 

- Volume of admissions 

 

Pancreas 

- Mortality at 30 days after surgery 

- Volume of hospitalizations 

 

Lung 

- 30 days post-operative mortality 

- Volume of hospitalizations 

 

Prostate 

- 30 days readmissions 

- 30 days readmissions - with new variables 

- Volume of hospitalizations 

- Volume of admissions for radical prostatectomy 

 

Kidney 

- Mortality at 30 days after surgery 

- Volume of admissions 

 

Rectum 

- 30 days post-operative mortality 

- Volume of admissions 

 

Stomach 

- 30 days post-operative mortality 

- Volume of hospitalizations 
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Uterus 

- volume of hospitalizations 

 

Bladder 

- volume of hospitalizations 

 

 

 OTOLARYNGOLOIST 

Cochlear implant 

- Volume of hospitalizations 

 

            Paranasal sinus surgery 

- Volume of hospitalizations 

 

Tonsillectomy 

- Volume of hospitalizations 

 

PEDIATRICS 

- Adenotonsillectomy 

- Adenoidectomy without tonsillectomy: volume of pediatric hospitalizations 

- Tonsillectomy with adenoidectomy: volume of pediatric hospitalizations 

- Tonsillectomy: volume of pediatric hospitalizations 

 

            Laparoscopic 

- 30-day readmissions (pediatric age) 

- Admissions in pediatric age 
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Laparotomy 

- 30-day readmissions (pediatric age) 

- Volume of pediatric hospitalizations 

 

Cardiac surgery 

- Cardiac surgery in pediatric age 

- Pediatric cardiac surgery for congenital heart defects: volume of hospitalizations 

 

PERINATAL 

            Births 

- Volume of hospitalizations 

- Proportion of vaginal childbirth in women with previous cesarean section 

- Vaginal delivery: subsequent hospitalizations during puerperium 

- Proportion of episiotomies in vaginal childbirth 

- Proportion of deliveries by primary cesarean section 

- Cesarean section: successive hospitalizations during the puerperium 

- Cesarean section deliveries: volume of hospitalizations 

 

PSYCHIATRY 

            Diagnosis 

- TSO hospitalizations 

 

RESPIRATORY 

COPD 

- Volume of ordinary hospitalizations 

- Volume of day hospital admissions 

- 30 days mortality 

- 30-day hospital readmissions 

 



 64 

 

UROGENITAL 

Chronic renal failure 

- 30 days mortality 

- Hospitalizations for severe acute event within 2 years 

- Admissions for moderate-severe CRI within 2 years of mild CRI 

 

Hysterectomy 

- Volume of hospitalizations 

- Hospitalizations 

 

Prostatectomy 

- Volume of hospitalizations 

- Hospitalizations 
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3.2 DATA STANDARDIZATION 

 

Once the data collection is complete they must now be filtered and prepared for 

processing. In fact, the previously cited AGENAS site, for each of the individual 

indicators listed in the next chapter, provides numerous data such as: 

- The absolute number of events related to that indicator. 

- The percentage value given by the ratio between the absolute number of events 

relative to the indicator and the total number of the sample for which the data were 

collected; such as the percentage of persons who, once contracted a disease, were 

cured by means of a surgical operation, and subsequently the percentage of 

successful completion of that operation. 

- And attached to this value is also provided the so-called risk adjustment,  the 

previous percentage is weighed on the basis of the absolute number of 

observations, this is obviously possible only for those events that have a robust 

number of observations. 

 

These are the 3 data points from which we started, and we recorded them in a 

database using Excel. Considering that each of these 3 "numbers" is provided for 

each of the indicators listed in the previous chapter, and each of them is provided 

for each individual hospital facility throughout Italy, specifying in an additional 

column the province and region to which the hospital facilities belong, which are 

between 700 and 800 and are identified by a unique code for each of them, the 

result is a consolidated database consisting of 294 columns, or 7 for each sub-

indicator and about 750 rows corresponding to hospital facilities. 
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To give an idea, this is how a part of the database relating to only one of the 40 

starting indicators for about thirty hospitals looks like. 

 

 

 

 

 

 

 

 

 

Obviously, since our goal was to create a composite indicator that would allow us to 

measure and compare the performance of the various hospitals, we had to make a 

selection.  

In fact, in order to allow a comparison, we needed indicators that presented 

complete data for as many hospitals as possible. In particular, the value we used for 

our analysis was the raw percentage for each of the indicator, because it is the one 

that shows the most complete and reliable values, obviously considering only those 

with a reasonable number of cases. 
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In this way, of the 40 or so starting indicators, excluding those with data gaps, we 

took 23 as a sample for our investigation. 

In the same way we had to apply a filter to the hospitals, because many of them had 

large data gaps, thus excluding them and obtaining a complete sample of about 430 

hospitals for each of the 23 indicators, thus achieving a solid and complete basic 

database that we will present here with a little description of every indicator 

adopted. 
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CARDIOVASCULAR AREA 

Acute Myocardial Infarction (AMI) 

- Mortality within 30 days 

Represents the ratio between the dead patients within 30 days from the 

hospitalization     

- Mortality within 6 months 

- Represents the percentage of dead patients within 6 months from the 

hospitalization 

- AMI cured with PTCA 

Represents the percentage of Acute Myocardial Infraction cured using 

Percutaneous Transhepatic Cholangiography 

 

 Heart Failure 

- Readmission within 30 days 

Represents the percentage of people that have to come back to the hospital within 

30 days from the hospitalization 

- Mortality within 30 days 

Represents the percentage of people dead within 30 days from the hospitalization 

 

 

Thrombosis Embolism 

- Readmission within 30 days 

Represents the percentage of people that have to come back to the hospital within 

30 days from the hospitalization 

- Mortality within 30 days 

Represents the percentage of people dead within 30 days from the hospitalization 
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CEREBROVASCULAR AREA 

Stroke 

- Mortality within 30 days 

Represents the percentage of people dead within 30 days from the hospitalization 

- Readmissions within 30 days 

Represents the percentage of people that have to come back to the hospital within 

30 days from the hospitalization 

 

DIGESTIVE 

Laparoscopic cholecystectomy 

- Proportion of day surgery admissions 

Represents the percentage of surgeries done in day hospital 

- 30 days complications - day surgery 

Represents the percentage of people who shows complications within 30 days from 

the surgery 

 

 MUSCULOSKELETAL 

Femoral neck fracture 

- Mortality within 30 days 

Represents the percentage of people dead within 30 days from the hospitalization 

- Surgery within 2 days 

Represents the percentage of people who needs a surgery within 2 days from 

hospitalization 
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ONCOLOGY 

 Colon 

- Mortality within 30 days from surgery 

Represents the percentage of people dead within 30 days from surgery 

 

Liver 

- Mortality within 30 days from surgery 

Represents the percentage of people dead within 30 days from surgery 

 

Pancreas 

- Mortality within 30 days from surgery 

      Represents the percentage of people dead within 30 days from surgery 

 

 

PEDIATRICS 

 Laparoscopic 

- Admissions in pediatric age 

Represents the percentage of people who needs an hospitalization 

 

Cardiac surgery 

- Cardiac surgery in pediatric age 

Represents the percentage of people who needs an hospitalization 
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PERINATAL 

 Births 

- Proportion of episiotomies in vaginal childbirth 

Represents the percentage of vaginal childbirth that required an epistomy 

- Cesarean section: successive longer hospitalizations during the puerperium 

Represents the percentage of women who required an hospitalization due to 

complications 

 

RESPIRATORY 

COPD 

- Mortality within 30 days 

      Represents the percentage of people dead within 30 days from hospitalization 

- Readmissions within 30 days 

Represents the percentage of people that have to come back to the hospital within 

30 days from the hospitalization 

 

 

UROGENITAL 

Chronic renal failure 

- Mortality within 30 days 

Represents the percentage of people dead within 30 days from hospitalization 
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3.3 DATA ELABORATION 

 

Now that we have obtained a solid and complete data base, having dealt with the 

last few missing values by replacing them with the average value of the 

corresponding indicator calculated on all the hospitals under examination, we can 

proceed with the elaboration and analysis of our data. 

As anticipated in the previous chapters, we will use the R program for data analysis 

and processing. In fact, as already explained, the function we will be using, created 

ad hoc, together with others, by Professor Vidoli, allows us to obtain as output, for 

each hospital structure, a value that represents our compound indicator, giving as 

input the database of data obtained after standardization. For completeness and in 

order to have a more complete image, we have decided to have as output not one 

but two compound indicators, the CI BoD and the CI RBoD, both of which, as 

explained in chapter 2.2, resolve the problem of discretion in the assignment of 

weights to the single sub-indicators, and in addition the CI RBoD, as already 

explained, is more suitable in the case in which the starting database can present 

some "anomalous" values that differ greatly from all the others. The procedure of 

data analysis begins with loading the dataset that you want to use as a starting 

point for the analysis on the program R, then we start writing the code for the 

function  that will elaborate our data and give the results. 
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 This is how the whole code looks like: 

 
    
library(Compind) 

library(ggplot2) 

library(reshape2) 

 

############################################# 

 

setwd("C:/Users/Marcello/Desktop/Nuova cartella") 

datcsv = read.csv2(file="LAVORO.csv") 

 

Indic = 

datcsv[,c("Indic1","Indic2","Indic3","Indic4","Indic5","Indic6","Indic7"

,"Indic8","Indic9","Indic10", 

                  

"Indic11","Indic12","Indic13","Indic14","Indic15","Indic16","Indic17","I

ndic18","Indic19", 

                  "Indic20","Indic21","Indic21","Indic23")] 

cor(Indic) 

summary(Indic) 

 

Indic_norm = 

normalise_ci(Indic,c(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,

21,22,23), 

                          c("POS","NEG"," NEG "," NEG "," NEG 

","NEG","NEG","NEG","NEG","NEG","NEG","NEG","NEG","POS","NEG","NEG","POS

","NEG","NEG","NEG","NEG","NEG","NEG"), 

                          method=1,z.mean=100, z.std=10) 

Indic_norm = Indic_norm$ci_norm 

summary(Indic_norm) 

 

############################################# 

 

# Benefit of the Doubt approach (BoD) #### 

CI    = ci_bod(Indic) 

datcsv$CI_BOD = CI$ci_bod_est 

 

# Robust Benefit of the Doubt approach (RBoD) 

CI2    = ci_rbod(Indic,B=10) 

datcsv$CI_RBOD = CI2$ci_rbod_est 

 

cor(datcsv$CI_BOD,datcsv$CI_RBOD) 

 

############################################# 

 

 

 

dat_per_plot =  datcsv[,c("CI_BOD","CI_RBOD")] 

dat_per_plot2 = melt(dat_per_plot) 

 

png(file="densita.png") 

ggplot(dat_per_plot2, aes(x=value, fill=variable)) + 

  geom_density(alpha=0.4)+ 

  scale_fill_manual("Method: ",values=c("#999999", "#E69F00"))+ 

  theme(legend.position="bottom")+ 
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  labs(x="Composite indicator") 

dev.off() 

 

write.csv(datcsv, file="Archivio_stimato.csv", row.names = FALSE) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Now we should analyze more in detail each part of the code: 

 

In the first part we are simply re-calling the libraries that we will need for the 

analysys. 

The first one is the library that contains the Composite Indicators; 
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library(Compind) 

 

The second one is only giving us the possibility of getting a graphical representation 

of the indicators once the analysis has been done; 

library(ggplot2) 

 

The third one, the Reshape2 package is a new version of the usual Reshape package 

that allows you to put together data in order to have a unique combination of them 

Starting from a wide and long dataset. 

library(reshape2) 

 

 

This line simply indicates the directory, so from where we are taking the starting 

data from; 

setwd("C:/Users/Marcello/Desktop/Nuova cartella") 

 

 

       

The following line instead is needed to read the database; 

datcsv = read.csv2(file="LAVORO.csv") 

 

After this we have to name the different sub-indicators in the same way they are 

called in the original dataset; 

Indic = 

datcsv[,c("Indic1","Indic2","Indic3","Indic4","Indic5","Indic6","Indic7"

,"Indic8","Indic9","Indic10", 

                  

"Indic11","Indic12","Indic13","Indic14","Indic15","Indic16","Indic17","I

ndic18","Indic19", 

                  "Indic20","Indic21","Indic21","Indic23")] 

 

The next two lines contain two functions the first one that study the correlation between the 

columns of the previously defined matrix (Indic) and the second one is a generic function 

adopted to produce result summaries of the different results of various functions. 

 
cor(Indic) 

summary(Indic) 
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The next part of the code is very important because it takes into account the polarity of the 

indicators. This is extremely important because some indicators measure aspect that 

negatively affect the performance of the Healthcare Structures, like the mortality after a 

surgery, and other instead has a direct and positive correlation with the performance we 

want to measure, and this function standardize them in order to put them all in the 

composite indicator. 

 
Indic_norm = 

normalise_ci(Indic,c(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,

21,22,23), 

                          c("POS","NEG"," NEG "," NEG "," NEG 

","NEG","NEG","NEG","NEG","NEG","NEG","NEG","NEG","POS","NEG","NEG","POS

","NEG","NEG","NEG","NEG","NEG","NEG"), 

                          method=1,z.mean=100, z.std=10) 

Indic_norm = Indic_norm$ci_norm 

summary(Indic_norm) 

 

The next lines are the core of the analysis, the two BoD CI Functions, that are those that 

will give as a result the final indicators that will let us to evaluate the performance of each 

indicator and do a benchmark between all the Healthcare Functions. 

 
# Benefit of the Doubt approach (BoD) #### 

CI    = ci_bod(Indic) 

datcsv$CI_BOD = CI$ci_bod_est 

 

# Robust Benefit of the Doubt approach (RBoD) 

CI2    = ci_rbod(Indic,B=10) 

datcsv$CI_RBOD = CI2$ci_rbod_est 

 

cor(datcsv$CI_BOD,datcsv$CI_RBOD) 

 

 

 

 

At the end we have the part of the code that will give us a graphical representation and in 

the last lines we are telling to the program where to save all the results and graph. 

 

dat_per_plot =  datcsv[,c("CI_BOD","CI_RBOD")] 

dat_per_plot2 = melt(dat_per_plot) 

 

png(file="densita.png") 

ggplot(dat_per_plot2, aes(x=value, fill=variable)) + 

  geom_density(alpha=0.4)+ 

  scale_fill_manual("Method: ",values=c("#999999", "#E69F00"))+ 

  theme(legend.position="bottom")+ 

  labs(x="Composite indicator") 
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dev.off() 

 

write.csv(datcsv, file="Archivio_stimato.csv", row.names = FALSE) 

 

With this, the R code ends up and with it the data analysis. In the next chapter we will see 

the results and how we discuss and interpret them,  trying to find some linkages between the 

number we get and some exogenous and endogenous factors. 
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CHAPTER 4 
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4.1 RESULTS PRESENTATION AND 

DISCUSSION 

 

Once the analysis of the database has been completed thanks to R, the output we 

receive is a table of the same kind, made up of 3 columns; the first is that which 

identifies the hospital structures by means of a unique code which are 424 in total, 

(here is shown only a small part), the second and third are the corresponding CI BoD 

and CI RBod, the results of the analysis with R. 

 

  

CODICE STRUTTURA CI_BOD CI_RBOD 

1000301 0,98073 1,13488 

1000401 0,96128 1,13888 

1000402 0,93134 1,20451 

1000403 1,00000 1,13346 

1000501 0,76634 1,22591 

1000502 1,00000 1,15423 

1000701 1,00000 1,37209 

1000801 1,00000 1,26483 

1000901 1,00000 1,12774 

1000902 1,00000 1,36633 

1001101 0,93159 1,23951 

1001701 1,00000 1,27566 

1001901 1,00000 1,22171 

1002301 0,99898 1,17792 

1002601 1,00000 1,20682 

1003201 0,85260 1,07296 

1003801 0,93667 1,06006 

1007901 0,97614 1,04302 

1007904 0,99343 1,27104 

1012001 0,91848 1,19607 

1012002 0,89692 1,10856 

1012401 1,00000 1,71021 

1060401 0,92085 1,04651 

1061001 1,00000 1,15220 
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As we can see, all the BoD ICs have a value between 0 and 1 and the RBoD ICs between 1 

and 2; both numbers are directly proportional to the quality of the hospital's performance, 

which means that the hospital with the highest value indicator will be the one with the 

highest level of performance. As a first step, more out of curiosity, we can immediately 

through a conditional formatting of the data, see which is the best Italian hospital in terms 

of performance according to the results of our analysis. 

 

CODICE STRUTTURA REGIONE ZONA CI_BOD CI_RBOD 

1089201 PIEMONTE NORD 0,99799 1,90103 

 

 

Presidio Sanitario Gradenigo in Turin is the healthcare structure with the highest CI BoD, 

with a value of 0,99799. 

However, as we anticipated in the previous chapter, it is not also the one with the highest CI 

RBoD. This is due to the presence of some anomalous values in the database,  values that 

are very different from the average of the others, and this may be due to a number of cases 

of an indicator within one or more hospitals that is not so low as to prevent us from using it 

in the analysis, but in any case lower than the number of average observations, or it may be 

due to a very high value of the performance of an indicator, such as a high percentage of 

successful operations for femur fracture, which are important aspects for measuring the 

performance of a hospital structure, but with a high probability of success. 

Therefore, looking at the RBod IC, which takes into account these deviations, the hospital 

with the highest performance value turns out to be the Istituto Clinico Sant’Ambrogio in 

Milan with a RBoD of 1,95691. 

 

 

CODICE STRUTTURA REGIONE ZONA CI_BOD CI_RBOD 

3011301 LOMBARDIA NORD 0,99502 1,95691 
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4.1.1 FOCUS ON THE REGIONS 

 

This first look at the data allowed us to make a simple comparison between all 

Italian hospitals by comparing them one by one. Taking them individually, however, 

it is impossible to identify any trend or any kind of correlation between the geo 

graphical position of the individual hospital and any level of performance. 

The next step of the analysis was therefore to aggregate the data, both inputs and 

outputs, on a regional basis, thus grouping hospitals according to their region of 

belonging in order to have a picture at a higher level of aggregation. 

To carry out this operation, it was not necessary to search for hospitals individually 

one at a time. In fact, within the unique code that identifies each hospital, the first 

two digits identify the region to which it belongs, following a precise pattern. 

 

 

1 PIEMONTE 11 MARCHE 

2 VALLE D’AOSTA 12 LAZIO 

3 LOMBARDIA 13 ABRUZZO 

4 TRENTINO ALTO ADIGE 14 MOLISE 

5 VENETO 15 CAMPANIA 

6 FRIULI VENEZIA GIULIA 16 PUGLIA 

7 LIGURIA 17 BASILICATA 

8 EMILIA ROMAGNA 18 CALABRIA 

9 TOSCANA 19 SICILIA 

10 UMBRIA 20 SARDEGNA 
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These are the relative results of CI BoD and CI RBoD for each region: 

 

 

REGIONE CI_BOD MEDIO CI_RBOD MEDIO  

PIEMONTE 0,96804 1,26005 

VALLE D'AOSTA 0,87814 1,26081 

LOMBARDIA 0,97188 1,25617 

TRENTINO ALTO ADIGE 0,96608 1,24576 

VENETO 0,98135 1,26274 

FRIULI VENEZIA GIULIA 0,97184 1,20236 

LIGURIA 0,98604 1,21337 

EMILIA ROMAGNA 0,97181 1,23885 

TOSCANA 0,93986 1,17968 

UMBRIA  0,96726 1,14078 

MARCHE 0,94644 1,24230 

LAZIO 0,98161 1,25724 

ABRUZZO 0,96969 1,25539 

MOLISE 1,00000 1,23372 

CAMPANIA 0,94793 1,24662 

PUGLIA 0,95129 1,21449 

BASILICATA 0,85245 1,25921 

CALABRIA 0,95316 1,33356 

SICILIA 0,96791 1,24018 

SARDEGNA 0,97806 1,28806 

 

 

 

And here we present the average between all the regional values: 

 

 

  CI_BOD CI_RBoD 

AVERAGE 0,95754 1,24157 
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Looking at the data at regional level we obtain results that differ from what we have 

seen looking at the single structures. 

The region who presents the hight CI_BoD is Liguria, while the one with the highest 

CI_RBod is Calabria, two regions different from those where are situated the single 

best Healthcare structures that we find in the previous point of the analysis. 

Looking also at the average value at regional level, if we want to do a benchmark, 

analyzing the CI_RBod that is the more complete one, almost 8 Regions have a value 

lower than the average, that is a little less than the half of all the Regions. 

 

 

 

 

 

 

 

 

 

 

CI_BOD…0.00000

0.50000

1.00000

1.50000

REGIONS

CI_BOD MEDIO CI_RBOD MEDIO



 84 

Staying a little bit more in geographic context, there is another further step in therms of 

aggregation that we could do. The last benchmark that we could do is compare between 

themselves the different parts of Italy by aggregating the Regions in North, Middle, South 

and islands. 

For this aggregation we have adopted the following division: 

North: Piemonte, Valle D’Aosta, Lombardia, Trentino Alto Adige, Veneto, Friuli Venezia 

Giulia and Liguria. 

Middle: Emilia Romagna, Toscana, Umbria, Marche, Lazio, Molise and Abruzzo. 

South: Campania, Puglia, Basilicata and Calabria. 

Island: Sicilia, Sardegna. 
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Here there are the corresponding values: 

 

ZONA CI_BOD MEDIO CI_RBOD MEDIO  

NORTH 0,97306 1,25001 

MIDDLE 0,96959 1,24018 

SOUTH 0,94542 1,24642 

ISLANDS 0,97050 1,25241 

 

 

 

 

 

 

As we could see from the results, North and Islands have the highest values both for 

CI_bod and for the CI_RBoD giving us an image of the performances that is aloigned with 

the analysis done before, except for the case of Calabria that we have seen in the previous 

test, contributed to elevate the mean of the South regions, in counter trend with the other 

regions of the South and especially with the Regions of middle Italy that are those that 

show the lowest level of performance. 
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4.1.2 FOCUS ON THE NUMBER OF BEDS 

 

The geographic location of a hospital is an exogenous factor that can give us a picture of 

performance at the territorial level but is not able to influence it. 

The performance of a healthcare facility is primarily determined by endogenous factors, 

which can be numerous. 

The first factor to be taken into consideration for analysis concerns the capacity of 

individual hospital structures, and therefore, specifically, the number of beds. 

It is possible to collect this data thanks to the website of the Ministry of Health, which 

reports the number of beds per single hospital structure, each of which is identified by the 

same unique code used by the AGENAS website and this, by cross-referencing the data, 

allows us to obtain a table that unites the data relating to the number of beds imposed 

and the indicators obtained through the analysis for each individual health structure, so as 

to be able to seek a possible correlation. 

 

CODICE STRUTTURA BEDS CI_BOD CI_RBOD 

8023101 13 0,97645 1,12282259 

12029101 22 0,94123 1,21254738 

8023701 29 1,00000 1,3255265 

11000401 30 0,84344 1,12890167 

19050501 32 1,00000 1,16277267 

19055201 33 1,00000 1,13090472 

15001701 34 1,00000 1,2333422 

18004701 36 0,96651 1,34308228 

19033301 37 0,93924 1,18303379 

11000501 38 1,00000 1,20472601 

11000502 39 1,00000 1,13393375 

16011201 40 1,00000 1,17729445 

14000501 43 1,00000 1,23372102 

3013701 45 1,00000 1,11935787 

19072301 48 0,94704 1,293256 

19071801 52 0,97330 1,1324016 

15038701 57 0,91070 1,21998703 

15001901 60 1,00000 1,20990955 

9023701 62 0,77543 1,03512015 

6003301 65 0,98790 1,23634273 

15010801 65 1,00000 1,61465579 
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The correlation between the number of beds and the two CI is simply calculated with an 

excel function that is able to find an eventual pattern in the data and calculate and index of 

correlation, and here there are: 

 

CORR BOD CORR RBOD 

0,02639903 0,11084478 

 

 

We have also try to represent in a graphical way this correlation by drawing a graph where 

the Y Axis represent the two CI and the X Axis represents the number of beds. 
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The correlation index is a directly proportional index, meaning that a positive value 

indicates a direct proportionality between the data, while a negative index is synonymous 

with an inverse proportionality. 

Contrary to what could be expected, both indices, albeit slightly, are positive. 

Surely this is an interesting and surprising fact because it tells us that the larger a structure 

is, the higher the level of performance and therefore the quantity is not at the expense of 

quality, but both run in the same direction, obviously in different proportions. 

We have the confirmation of this also to graphical level, because even if of little, the line 

that represents the values of the several RBoD, shows a trend in slope. 

 

A further step we took regarding the correlation analysis between the beds of the facilities 

and the quality of their performance was to divide the hospitals into ranges of beds, using 

a range of 100 beds for each category and then calculate the average value of the 

indicators for each category in order to compare them and have further confirmation 

regarding the upward trend. 

 

 

BEDS CI_BoD MEDIO CI_RBoD MEDIO 

0-100 0,97393 1,24122 

101-200 0,95726 1,21215 

201-300 0,97656 1,30235 

301-400 0,96794 1,24156 

401-500 0,97196 1,20855 

501-600 0,97001 1,23448 

601-700 0,97142 1,24782 

701-800 0,98983 1,32689 

801-900 0,98688 1,29996 

901-1000 0,95718 1,45420 
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This brief analysis also confirms the upward trend as a function of the number of beds. 

This data, however, being perhaps counterintuitive, leads us to wonder why the quality of 

the performance of hospital facilities does not decrease as the size of the facilities 

increases, which entails greater difficulties in terms of logistical, economic and 

administrative management, as well as personnel and equipment management. From this 

question we will start in the next chapter to analyze another possible endogenous fact that 

can impact on the performance of healthcare facilities. 
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4.1.3 FOCUS ON THE KIND OF STRUCTURE 

 

The result obtained from the previous step left us with a question, namely, what could be 

that factor that makes it so that as the size of a hospital increases, the level of 

performance also increases?  

One endogenous factor we thought of is the type of hospital facility. In fact, different types 

of size, and therefore different numbers of beds, can also correspond to different types of 

structure. 

Through the Ministry of Health website, we have identified 4 main types of hospital 

facilities within the Italian national territory: 

 

- Directly managed hospital ( it refers both to public structures that have an autonomous 

board of directors) 

 

- Nursing home 

 

- Local Health Unit (ASL directed) 

 

-Hospital integrated with a University 

 

                                                   

 

 

 

 

                       

STRUCTURES 



 91 

- DIRECTLY MANAGED HOSPITAL 

 

A directly operated hospital is defined as a public or private institution intended for health 

care, in which the admission and treatment of patients is provided and whose 

administrative management resides within the hospital itself with its own board of 

directors and managers. 

   

- NURSING HOME 

 

Private office prepared for the gathering and full-time care of patients for indicative, 

remedial anD rehabilitative reasons. It is outfitted with particular clinical staff, analytic and 

treatment hardware and, if vital, support administrations for emergency clinic care, for 

example, crisis division, trauma center, bonding focus, dialysis focus, working rooms, 

hyperbaric chambers, hatcheries, ambulances, versatile restoration units. 

 

- LOCAL HEALTH UNIT 

 

These structures as equal to the normal hospitals in therms of equipment, departments and 

so on. The difference is that the administrative management is a centralized one and it is 

located outside the hospital and has an own structure, an own CDA and managers and has to 

monitor and manage a multitude of healthcare structures. 

 

- HOSPITAL INTEGRATED WITH A UNIVERSITY 

 

These are those structures wherein the Faculty of Medicine and Surgery likewise has a 

degree program. In these emergency clinics, a few offices are shared with the heading of 

college teachers of medication and medical procedure. The connection between the Hospital 

and the University is, as of now, customary, however the regulation accommodates a 

combination between the two substances for the foundation of a solitary clinic college 

establishment 
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Now that we have defined the different kinds of structure we could analyze the results of the 

analysis: 

 

STRUTTURA BOD MEDIO RBOD MEDIO 

- DIRECTLY MANAGED 

HOSPITAL 

 0,966 1,251 

- PRIVATE NURSING HOME 

 0,974 1,218 

 

- LOCAL HEALTH UNIT 

 0,954 1,244 

- HOSPITAL INTEGRATED WITH 

A UNIVERSITY 

 0,962 1,246 

 

 

Here we have also the graphical representation of the values: 
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The results give us a precise picture of the situation; the directly managed hospitals are the 

one with the highest performance indicator and this is aligned with correlation that we 

have found in the previous step. The result that the structures with an higher number of 

patients and a direct management have the better values of performance indicators could 

tell us that hospitals with a huge structure, an high number of patients and an high 

number of procedures to be managed required an own administrative organizations that 

allows the managers to better control the system and to easily investigate in case 

something don’t comply with the standards and to manage in a more efficient and 

effective way all the operations and flows of a huge healthcare structure. 

 

This doesn’t mean that all the structures under the administrative control of an ASL are of 

small dimensions and flows of work. Infact the will of the Various ASL to have a branched 

chain of control with a centralized structure of control results in a lower performance 

quality. 
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This is due maybe to the too long chain of control, that makes every problem more difficult 

to be solved and before of this, more difficult to be clearly understood because the more 

and more the level of the chain are, the more are the details that are lost through the 

path. 

In this way goes also the result for the University integrated Hospitals. Like for ASL, even if 

in a different way and in a different measures, it could rise up the problem of coordination 

in some sectors. 

 

The lowest value deriving from the analysis is the one the private nursing homes. 

This result tells us that not always “private” is synonymous of “better”. The collective ideal 

is that public structures, both in the healthcare sector than in others, coulòd have a 

quantity of resources, both in financial and human terms, especially if we are talking about 

the health sector, so that the relative performance reaches higher levels than private 

structures. The two things, however, are not necessarily the consequence of each other, in 

fact, it is not enough to have a large supply of resources, but it is also necessary to be able 

to commit them. In addition, a small private facility usually has a smaller administrative 

and managerial structure than large public hospitals, and this does not always mean 

greater care and attention to all management details. 

Going beyond the possible limitations of private facilities, a lower level of performance 

measured globally on all aspects of the health care world, starting with the cardiovascular 

sector and ending with the maternity ward, passing through the trauma ward, may be due 

to the fact that some private facilities specialize in a particular area of expertise, thus being 

more deficient in those areas that they leave in the background. 

All of these aspects contribute to giving us an overall picture of the quality of the 

performance of hospitals and how they vary in terms of the type of organization they have. 
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                       CONCLUSIONS 

 

We began this work with the aim of finding a method to measure the level of performance 

of individual Italian hospitals. The path started from the single indicators has developed 

passing through the limits of the latter and to through the techniques used in recent years, 

to then find the terminus in the composite indicators. 

The latter offer a broader and more inclusive vision of all possible aspects of the level of 

performance of a hospital structure so as to be sure of having considered every possible 

factor influencing performance. Obviously, this is a method that can be applied within the 

healthcare sector at different levels of aggregation. In fact, the individual indicators can be 

aggregated at different levels, offering the opportunity to assess the level of performance 

not only of the entire hospital structure but also, for example, of a single department. 

Speaking now of the results obtained from the analysis done at the level of hospital 
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structure, the first step was to group the structures geographically, first by region and then 

by grouping them into North, Center, South Italy and Islands. The two subdivisions provide 

a consistent result, in fact, both at the regional level and at the level of macro-areas, the 

hospitals of Northern and Southern Italy are those that present the highest levels of 

performance, while Central Italy and the regions that are part of it present a lower level of 

performance of hospital facilities. A geographic subdivision, however, cannot be sufficient, 

and therefore other factors, this time endogenous, should be sought that could influence 

performance. Our focus fell on hospital capacity, that is, the number of beds. Analysis of 

this factor showed a direct correlation between facilities with the highest number of beds 

and a higher level of performance. This factor may be due to the fact that a greater 

number of beds corresponds to a hospital structure with a high catchment area and 

therefore requires greater organization both at the level of actual hospital care and at the 

administrative level, and this is then reflected in a higher level of performance. 

Finally, the last factor taken into consideration concerns the type of hospital structure. The 

subdivision into directly controlled hospitals, therefore with their own administrative 

body, private nursing homes (clinics), hospitals that collaborate with universities and 

hospitals that are under the control of an ASL, has shown that the structures under the 

control and supervision of an internal body of the structure itself are more effective in 

terms of performance. The interpretation that we can give to this result is that a direct and 

internal management of a hospital structure allows a more careful and precise supervision 

that allows to identify and then solve more efficiently any kind of problem unlike stress 

structures where the control and supervision of the structure is articulated on more 

hierarchical levels that can certainly cause more or less large gaps in the passage of 

information and their accuracy. 

The use of composite indicators therefore makes it possible to analyze the level of 

performance of hospital structures under different aspects, taking into account both 

endogenous and exogenous factors and finding, if there is one, a correlation between 

these aspects and performance. 

Obviously, this method that we have used to analyze the level of performance of 

healthcare facilities can also be used in many other areas, from economic and financial to 
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industrial, but to do so it is necessary to identify the individual indicators from which to 

build the composite one and have reliable and solid data available. 
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