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Abstract: The paper presents the final results of a Research Project of National Interest (PRIN-2007) 
“Innovation of Healthcare Services (HCSs) Networks by using Supply Chain Management Techniques”. In 
Italy the healthcare system is based on HCSs networks with territorial competence named Local Healthcare 
Agencies (LHAs). The aim of the project is to support public decision makers to face with the management of 
LHAs and the coordination among different LHA structures. After investigating the production process that 
takes place within each LHA network and defining a conceptual model of LHAs, a holistic approach for 
defining decision-making processes concerning management of LHA at strategic, tactical and operational level 
is presented. For each level of planning, industrial operations management methodologies and techniques have 
been identified and adapted to the public HC system. The framework, the suitable tools and methods 
developed have been validated with reference to full-scale case studies concerning LHAs in the Italian Region 
of Apulia. 
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1. Introduction 

With the demand for health services in the Developed 
Countries continuing to increase (OECD, 2010), 
improvements in the quality and efficiency of healthcare 
delivery are urgently needed. This has led to the 
application of Operations Management (OM) 
methodologies in the Healthcare service industry (Shohet 
and Lavy, 2004; Bertrand and de Vries, 2005; Langabeer, 
2007). 

In the European countries, the Health Care (HC) system 
is generally organized on service centres territorially based 
(HiTs, 2010). These organizations require to be treated as 
complex supply chains. There is a need to shift from the 
“HC operation management” to the “HC supply chain 
management” (Villa and Bellomo, 2010). 

The paper presents the final results of a Research Project 
of National Interest (PRIN-2007) “Innovation of 
Healthcare Service Networks by using Supply Chain 
Management Techniques”.  The aim of the project is the 
transfer of OM Industrial Engineering methods to Italian 
Health Care Services (HCSs) networks.  

In Italy the healthcare system is based on HCSs network 
with territorial competence named Local Healthcare 
Agency (LHA). A detailed description of LHA structures 
and management systems is in (Lo Scalzo, 2009). The 
project started with the investigation of production 
processes that take place within each LHA system; then, a 
conceptual model of LHAs functioning has been defined 
and a hierarchical conceptual framework based on three 
different HC levels of planning: strategic, tactical and 
operational is provided; the framework is adapted from 
(Vissers et al., 2001). The complexity of the LHA systems 

leads to the need of an holistic approach for defining 
decision-making processes concerning management of 
LHA at both strategic, tactical and operational level. 

The paper is organized as follows: Section 2 describes the 
LHA modelled as a network: first, a brief presentation of 
the LHA model is provided, than a framework for design 
and planning of LHC networks is presented and, finally, 
an overview of techniques developed is provided. Section 
3 presents goals and tools of the strategic planning 
process and an integrated approach based on Balanced 
Scorecard (BSC) and Analytic Hierarchy Process (AHP). 
Section 4 presents goals and tools of the tactical planning 
process and gives a brief description of the two Discrete 
Event Simulation (DES) models developed for the 
capacity management of LHA networks and the 
evaluation of de-hospitalization processes effects. Section 
5 presents goals and tools of the operational planning 
process and provides a brief description of a new two 
levels Hospital FMECA model for waste risk assessment 
and a DES model that could be utilized to lead the 
decision about public healthcare systems resources 
allocation. Finally, in Section 6 summary and conclusions 
are provided. 

2. The LHA conceptual framework 

2.1 The LHA network 

LHAs are responsible for assessing needs and providing 
comprehensive care to a defined population directly 
through facilities or through services provided by public 
hospital trusts, research hospitals and accredited private 
providers (acute and long-term hospitals, diagnostic 
laboratories, nursing homes, outpatient specialists and 



general practitioners). LHAs structures could be 
distinguished in two main classes: access nodes (ANs) and 
service nodes (SNs). ANs are the services of the system 
through which every patient can access the health services, 
following the emergency or the reservation path. Access 
points to emergency path are continuous care physicians 
(CCs); emergency medical services (EMSs); accident and 
emergency departments (EDs). Access points to 
reservation pathways are general practitioner (GPs). SNs 
nodes are the main healthcare services, that could be 
hospitals and others territorial services. Services are 
structured under a typical divisional model. Each division 
is financial autonomous and has technical responsibility 
for directly managed acute care and rehabilitation 
hospitals, health districts (e.g.: non-hospital-based and 
residential and semi-residential care services) and health 
promotion divisions.  

Different services interact each other because of 
diagnosis, treatment, monitoring and assistance path 
followed by patients. More details on the LHA network 
structures are in (Digiesi et al., 2010a). 

 
Figure 1: Conceptual scheme of the interactions among 

LHA’s subsystems 

2.2 Design and planning of LHC networks 

LHA planning decisions could be classified in a 
hierarchical structure based on three levels: strategic, 
tactical and operational (Table 1).  

In (Vissers and Beech, 2005) health OM has been defined 
as “the analysis, design, planning and control of all the 
steps necessary to provide a service for a client”. At each 

level of planning, for OM processes the most important 
client is the patient: depending on the level of decision, 
however, different level of aggregating patients’ groups are 
required (Ploman, 1985). To define the most appropriate 
way of aggregating patients, according to the level of 
planning, is the first stage in the health OM design. The 
second stage is to identify the key type of decision that 
must be taken. Each decision should be taken considering 
both the amount of resources consumed, according to an 
organizational perspective (OP), and the quality of 
services provided to patients, according to a patient 
perspective (PP). For both perspectives, and for each level 
of planning, a set of indicators should be defined to 
measure performances of the entities involved. 

At the strategic level, decisions regarding service nodes 
capacity planning are taken, under the constraints of 
increasing productivity and improving quality of services. 
Moreover, the performance assessment of each service 
unit should be integrated with the evaluation of the effects 
of its interaction on the overall LHA system performance. 

At the tactical level, on annual basis, decisions considering 
both services demand and supply are taken: 
• demand planning, based on “market” information, 

such as demographic and epidemiological data; 
• capacity planning, aiming at ensure that available 

resources are sufficient to achieve goals set at the 
strategic level; the resources allocation to each service 
node and each specialties belonging to each node is 
based on a detailed annual forecast of the care 
demand for each type of patient. 

At the operational level, for each service node, the daily 
patients flow is managed, taking into account the number 
of patients in the queues and the waiting time for each 
service. Decisions taken at this level regard the processes 
carried out by each service nodes to perform the daily 
activities: rules, procedures and other features that affect 
the effectiveness and efficiency of each service are defined. 

 
Framework 

level 
Type of decision Time Horizon Entity Decisions regarding patient 

flows 
Decisions regarding 

resources 

Strategic 

What is the range of services 
offered? 
What will be the development 
of LHA activities in the next 
years? 
What are the goals to be 
achieved? 

3-5 years Network 

Catchment area, services 
offered, identification of 
homogeneous groups of 
patients, identification of service 
levels for each group of patients 

Investments, shared resources, 
collaboration with private health 
services, overall performance 
goals for each service node 

Tactical 

What resources are allocated to 
each sub-node service? 
How homogeneous groups of 
patients will be managed at both 
network and service node 
levels?  

1 year 
Relationships 
among service 
nodes 

Expected number of patients 
per patient group, detailed 
capacity requirements  

Allocation of leading shared 
resources to each service node 
batching rules for leading shared 
resources  

Operational 

Which patient is treated when 
and how? 
What is the way in which 
individual processes of care are 
treated ? 

Weeks, days Service nodes Scheduling for patients  

Allocation of resources to 
individual patients, definition of 
rules and procedures that affect 
the effectiveness and efficiency 
performances of each service 
node 

Table 1. Framework for design and planning of LHC networks (adapted from Vissers et al., 2001)



3. Strategic level: integrated BSC/AHP approach for 
evaluating LHAs 

The main objectives of strategic planning are to determine 
and to prioritize the network’s goals, to identify the risks 
and the rewards of the viable options and to decide and to 
implement an action plan. LHA networks bring together  
groups of independent health care providers addressing 
issues and problems that cannot be solved by each of 
them working alone. Thus, network members must work 
together to strike a balance between their individual 
interests and those of the network as a whole. Moreover, 
different perspectives (i.e. financial and customer 
perspective) have to be taken into account. 

Balanced Scorecard (BSC) have proven to be useful as 
strategic and management tools in HC. BSC allows 
considering different perspectives of the same problem 
and focuses not only on the financial perspective but also 
on less tangible aspects that have to be considered such as 
patient perspective or clinical and operational 
performance perspective. In order to prioritize 
performance indicators of the BSC, Analytic Hierarchy 
Process (AHP) method has been applied in a large 
number of studies. 

In order to support public decision makers in the strategic 
management of LHAs an integrated approach based on 
BSC and AHP has been developed (Digiesi at al., 2011). 
The approach aims at supporting public decision makers 
in identifying the set of performance indicators more 
consistent with the strategic objectives of the whole LHA 
management. 

The BSC provides LHA managers and decision-makers a 
set of indicators of financial, as well as of non-financial, 
performances of the LHA. AHP method is then applied 
to determine the proper prioritized array of indicators 
according to the goal established by the LHA 
Implementation Plan (LHAIP), a three-year strategic 
planning document where constraints on budget and 
resources available, levels of assistance and the portfolio 
of healthcare services are defined. 

The decision problem is hierarchically structured into five 
levels, from the main strategic goal down to the 
performance indicators (Figure 2). At level 0 there is the 
main mission of the LHA to be achieved as defined in the 
LHAIP.  At level 1 there are the possible implicit strategic 
objectives identified for the achievement of the goal 

established: cost reduction, quality improvement, 
healthcare services growth. They represent specific 
strategies that could be adopted with different level of 
“intensity” to reach the given mission of the local plan. 
Level 2 of the BSC hierarchy identifies four related 
perspectives that can lead the LHA patient strategic 
management (Kaplan and Norton, 1996): Financial, 
Customer, Internal process and Learning-Growth 
perspectives At level 3, for each perspective identified, a 
set of evaluation criteria is defined. At level 4 of the model 
the proper set of indicators able to measure the system 
performance related to each specific evaluation criterion 
should be developed according to the main goal defined 
in the local plan subjected to geographical, social and 
economical constraints (i.e. the criteria of territorial 
service effectiveness under the internal process 
perspective can be evaluated by means of cardiac 
insufficiency, pneumonia and diabetes hospitalization 
rates). 

The BSC model is then integrated with the AHP approach 
aiming to define priorities among indicators identifying 
the appropriate set to be monitored in evaluating the main 
goal established in the LHA implementation plan. 

The model has been applied to a full-scale case study and 
has revealed its capability as a decision support tool for 
public decision makers at the local level of a regional 
healthcare system (Brindisi LHA, in the Italian Region of 
Apulia). The approach has led to the definition of 
priorities among indicators identifying the appropriate set 
to be monitored in evaluating the main goal established in 
the LHA implementation plan. The need of reducing 
costs without affecting service level leads to a 
prioritization of indicators that advantages the de-
hospitalization, the enhancement of territorial services, 
and the improvement of management skills. In particular 
the “de-hospitalization” of some healthcare services 
(cardiac disease) and the reduction of planned budget 
deviation revealed as key indicators for monitoring the 
implementation of the strategy; at the same time, the 
enhancement of competencies leading to operational 
excellence appeared as the most appropriate indicator of 
the service quality improvement. 

Although the model has been formulated for the Italian 
context, where the services at the local level are provided 
by a territorial-based network, it is general and applicable 
to public healthcare systems differently structured.  
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Figure. 2 The structure of the BSC/AHP hierarchy.



4. Tactical level 

The aim of tactical planning is to translate annual targets 
on production outputs into capacity allocation to each 
service node. The amount of resources available for each 
node should be defined according to the service demand 
for each homogeneous group of patients. 

Main open issues on tactical planning of LHA concern the 
balanced assignment of critical resources (beds) among 
various Hospital Operating Units (departments), the 
problem of enhancement of local services aiming at 
promote policies of de-hospitalization and the evaluation 
of new dispatching rules of patient flows among nodes 
and sub-nodes of the public HC systems. 

According to the framework presented in Sub-section 2.1, 
at the tactical level the service capacity of each access 
nodes (ANs) and service nodes (SNs) has been sized 
starting from the evaluation of demand of HC services of 
local communities, represented in Figure 3 as Demand 
generator points (DGs). 

 
  Figure 3: The LHA network 

The high complexity of the health services networks leads 
to a chronic lack of coordination between different levels 
of the system and a virtual absence of integrated planning 
in the resources allocation to service nodes. 

The use of Discrete Event Simulation (DES) models 
could be useful to analyze the overall behaviours of the 
LHA system, and its way to react to changes of both its 
internal structure and external environment. 

4.1 Capacity management of LHA networks by Discrete Event 
Simulation 

In (Digiesi et al., 2010a) a DES model in which each 
Operating Unit (OU) is considered as a servant, has been 
proposed. The model has been used to predict the 
behaviours of the system under different strategies of 
demand distribution among the various hospitals (patients 
dispatching rules). 

Figure 4 shows the logical model of the whole LHA 
hospital service. 

 
Figure 4: LHA hospital service model 

The use of DES in representing LHA hospital services 
allows evaluating the system efficiency by indicators 
concerning the patient perspective (average waiting time, 
average service time, average number of people in the 
queue, etc.) and the organizational perspective (average 
level of utilization and variations in the utilization of the 
bottleneck resource of the OUs). 

The DES model has been implemented and validated in 
BAT LHA (Apulia Region). The focus of the case study 
has been on the analysis of hospital care pathways. 

4.2 A “patient pathway” model for de-hospitalization evaluation 

The abovementioned model has been upgraded to the 
whole LHA network (Digiesi et al., 2010b) in order to 
verify the effectiveness of a health services de-
hospitalization strategy. Services offered by hospital 
departments are, in fact, often used inappropriately: 
patients are admitted too easily, precluding the possibility 
of redirecting them to other types of territorial services. 
The LHA service nodes are not treated as separate 
entities, but as interacting each other. The LHA network 
is treated as a process-based system. The process-based 
vision is built on the “patient pathway” organizational 
model: each process is modelled taking into account the 
route followed by the patient within the LHA, during 
diagnosis, treatment and monitoring/rehabilitation phases.  

The model based on “patient pathway” indicates the path 
that each patient, characterized by a list of attribute, has to 
follow in the LHA structures. 

The proposed approach allows to analyze interactions 
among all service nodes by the identification and the study 
of specific care pathways for homogeneous groups of 
patients. For each patient pathway, an analysis of all stages 
of the process is provided to identify: 
• the point(s) where patients are dispatched to other 

service nodes; 
• the point(s) where de-hospitalization is possible; 
• the potentially achievable degree of de-hospitalization.  

This approach could be useful for simulating a specific 
pathology-pathway. It could help to analyze causes of 
non-pertinent hospital stays, as well as to evaluate 
advantages of de-hospitalization, especially for those 
pathologies characterized by a long post-treatment period. 

An example of a schematic analysis of the possible patient 
pathway (cardiac disease) and the best path is shown in 
Figure 5. 

 
Figure 5: example of a “patient pathway” for a specific 

health problem 



The model has been implemented in the Brindisi LHA 
and applied to cardiac patient pathways. A performances 
analysis, in terms of utilization rates (OP) and patient total 
flow time (PP), has been carried out. It has been evaluated 
how these performances could be improved if the 
Integrated Home Care Service were provided by the LHA 
and if new dispatching rules among UOs are adopted. 

5. Operational level 

The aim of operational planning is to enable each service 
node to maximize its full potential, considering a fixed 
and limited amount of resources available (the amount of 
resources assigned to each node is fixed at the strategic 
and tactical levels). Major emphasis includes: eliminating 
waste, achieving consistent processes, improving customer 
service, eliminating unnecessary costs and identifying the 
best equipment, human resources and support services 
required to achieve the full potential. 

In Sub-section 5.1 and 5.2, two approaches to evaluate the  
efficiency of Hospital Operating Units and optimal staff 
sizing of critical human resources are briefly described. 

5.1 Two levels Hospital FMECA model 

A two levels Hospital FMECA model (Two level H-
FMECA) has been developed (Mummolo et al., 2010) 
aiming to identify, in the hospital processes, the causes 
that potentially lead to a waste of resources and time 
and/or, therefore, a needless increase in costs or decrease 
revenues. 

The proposed methodology (Figure 6) focuses, firstly, on 
evaluation of processes and after of the related activities.  

 
Figure 6: H-FMECA methodological approach 

At the first level a process HFMECA (P-HFMECA) is 
conducted to identify failure modes that lead to an useless 
increase in costs because of waste of resource and time 
(e.g. delays in test execution, wrong test execution, etc.) 
and to identify the macro-activities that mainly influence 
the efficiency of the selected process. 

At the second level the activity HFMECA (A-HFMECA) 
investigates in depth the most critical activities in order to 
verify the causes of inefficiency due to an inappropriate 
use of resources and/or to highlight the lack of 
information systems, not evaluable by the P-HFMECA. 

Corrective actions should be applied at the activity level 
but their effects are evaluated both at the process and at 
the activity level. 

Figure 6 illustrates links between the P-HFMECA and the 
A-HFMECA: the failure causes identified in the P-
HFMECA are considered as failure modes in the A-
HFMECA, the effects of failure mode are the same in 
both the P-HFMECA and the A-HFMECA. 

The model has been applied for assessing the 
performance of the ordinary hospitalization process 
within the Internal Medicine Complex Operating Unit 
“Ferranini-Pende” of the Hospital Polyclinic of Bari. It 
has allowed identifying the failure modes that cause 
efficiency losses in activities of each hospital process, to 
quantify the severity of their effects, to determine the 
most critical resources and to focus on them for the 
definition of corrective actions.  

5.2 Service staff sizing in  public healthcare systems  

The DES has been utilized also at the operational level to 
lead the decision about resource allocation in a sanitary 
call-centre, where the perceived quality of the service is a 
crucial goal, evaluating different aspects of the systems 
performance (Mossa et al., 2010). The problem has been 
formulated with reference to CatSalut, the Catalan 
healthcare territorial system, responsible for ensuring the 
public right of health care protection for all citizens. One 
of the ways to access to a CatSalut sanitary service is the 
customer service call centre “Sanitat Respon” (SR). SR is a 
team of nursing and call centre professionals who offer 
permanent telephone customer care service. The service 
mission is to offer to citizen health information and health 
advice, providing and guaranteeing the universal access to 
health resources. When a citizen contacts the centre, the 
operator registers and classifies the call depending on the 
level of gravity and the kind of service the patient is 
requiring. If the patient needs basic information, the 
operator himself gives the information and resolves the 
call (call type 1). If the patient needs kinds of information 
that are not labelled as basic, the operator transfers the 
call to a nurse (call type 2). If the nurse cannot satisfy the 
incoming request, the call will be transferred to doctors of 
hospital or to other external resources respect to the Call 
Centre (call type 3). 

The DES offers the capability of analysing the system 
behaviour in performing different scenarios by evaluating 
a appropriate set of key performance indicators (KPI). 
Possible KPI have been defined for evaluating the quality 
of the SR service both from the patient perspective (PP) 
and from the organizational perspective (OP): wait time 
(WT) and lead-time (LT) of inbound calls. A wide set of 
performance measures has been adopted to evaluate the 
efficiency of the managerial choices in the OP: the 
number of the calls pending in the SR at the same time 
(work in progress - WIP), the utilization of the resources 
(U), the number of inbound calls waiting for services (Q) 
as well as the number of the call/people served (PS) 
during a shift. 

A scenario analysis has been performed to evaluate the 
best size of the technical crew according to both the 



constrains service demand (type and quantity) and level of 
quality to be guaranteed during a given work shift. 

6. Conclusions 

The paper presents final results of the Research Project of 
National Interest (PRIN-2007) concerning the 
management of healthcare service networks by applying 
industrial engineering models and tools. 

The innovation of the project is the “integrated approach” 
aiming to manage the whole healthcare service network 
and not the single service node or flow in the network. A 
hierarchical framework for local Healthcare Agencies is 
presented. The framework is useful to identify the most 
critical decision problem in an LHA, often related to 
chronic lack of coordination between different levels of 
the system and a virtual absence of integrated planning in 
the resources allocation to service nodes. The framework, 
based on three different healthcare levels of planning, also 
suggests the adoption of OM methods and tools for the 
decision making.  

Some techniques and models developed in industrial 
sectors have been adapted for each of the HC strategic, 
tactical and operational levels of planning and have been 
applied in different LHAs of the Mediterranean area 
revealing their capability as a decision support tools. 
Although the models have been formulated for specific 
context, they are general and applicable to any territorial-
based public healthcare system. 

The research group aims at the definition of general 
models, applicable to any kind of HC services. A first step 
in this direction is the collaboration with the Systems 
Engineering Group of the Eindhoven University of 
Technology - Department of Mechanical Engineering. 
This collaboration will let us to realize a discrete-event 
simulation approach based on the χ process algebra to 
analyze a Diagnostic Radiology Department (DRD) in an 
important Southern Italy hospital. The comparison 
between the results of this work in progress and similar 
previous works realized in Netherlands and applied to the 
same kind of hospital department will let us to identify the 
similarities and the differences between the models. 
Results of this evaluation will provide suggestion to 
improve the generality of the models.  
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