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Abstract. The globalization has pushed to change the organization of every companies, even the
hospitals. The principal phenomenon in that period and fundamental today again, has been the
Supply Chain Management (SCM), with which the company is no longer seen as an isolated
entity but active part in an extremely complex supply network. In fact, the only way to guarantee
the competitiveness of businesses in the new world economy is through the cooperation and the
integration between customers and suppliers. The present work analyses the drugs flow of three
Italian hospital: the Cardarelli Hospital in Campobasso, the Veneziale located in Isernia and the
San Timoteo site in Termoli. The data was provided by MOLISE DATA SPA that collected the
information from all ASREM with particular interest in the already mentioned hospitals.
Particularly, will be highlight, using simulation model, the benefits deriving from the
implementation of a new Supply Chain, creating a collaboration along the entire logistics-
production chain. Thanks to a more efficient management of drugs will get a reduction of
business costs and an improvement of the health services offered.

1. Introduction

The innovations that characterized the twenty-first century have profoundly changed the activities
carried out by companies, which until then were anchored to archaic methodologies. Specifically, the
internet was the element with the strongest impact, not only on a social level, but also from a
management and economic point of view. Large production plants to manage sudden increases in
applications, exploiting significant savings obtained through the economy of scale, are supplied with
large quantities of materials, ready to be used at any time. This is also true in the health field, where a
multitude of data are generated which, processed with new techniques, can be used to: analyse health-
related [1-6] and biomedical data [7-13] to improve the overall hospital organization and optimize the
several different procedures [14—20] as well as the logistics and resources management [21-30]. As far
as the evolution of the logistics in both industry and healthcare, some models introduced in the end of
the 80s are still in use in modern organizations. An example is the "Just in Time" approach, characterized
by reduced stocking operations, supply speed and a production that aims to satisfy the customer's needs.
However, the change also affected the logistics area, making changes to the entire logistic-production
chain [31-33], with the aim of achieving totalising effectiveness. Each individual is no longer relegated
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to carrying out a single task, but cooperates and collaborates in every organizational phase, improving
the integration between the various business processes [34].

A company with a good position on the market and good product quality will not be able to remain
competitive if it does not manage the procurement and distribution phases.

In the era in which the market is global, only through an efficient management of the value chain,
in addition to a flexible structure and a production targeted to the customer's needs, it is possible to
guarantee and maintain a market share. The phenomenon that describes the following situation is called
"Supply Chain Management" (SCM) [35-38]. SCM is a supply chain characterized by all actors that
allow the existence of the company, from providers to consumers.

Despite the SCM it was born in the 80s, driven by concrete needs such as reduction of delivery times
and increase in the range of products [39, 40], its concepts are still current for all the companies that
have understand the obtainable benefits from its implementation. In particular, it has become the method
to improve the position on market and increasing the quality of services offered to the customer.

Analysing the several definitions of SCM given during these years [41], emerges that the key point
is to consider all business activities like a single large system. This strategy consents a quick
identification and elimination of any inefficiency to guarantee the efficiency and the effectiveness of the
management process [42, 43].

In this contest, the maximum efficiency and effectiveness can be obtained towards the reduction of
production and storage cost and with an idea of business always revolt on customer satisfaction. The
company is not an isolated entity, but operates within an extremely complex supply network, interacting
with other companies that can be suppliers or customers. In other words, the structure can interact with
actors that they can represent.

2. Methods
All drugs were bought by the ASREM (Molise Regional Health Authority) and was acquired in 2017.
The analyzed data refer to three hospitals in Molise.
—Cardarelli di Campobasso;
—San Timoteo di Termoli;
—Venezial of Isernia.
For each drug, summary information was provided regarding:
—date of purchase;
—type of movement;
—product code;
—quantity handled;
—unit cost of the product.

In particular, attention has fallen on those drugs with high turnover / low cost and low turnover /

high cost. The analysis reported 2 drugs presenting these characteristics:
—Vacutainer tube which is a low-cost and high-rotation drug;
—Soliris which, being an anticancer, has a high cost and low rotation.

Subsequently a year of demand was simulated for the aforementioned products considering the
application case without lateral transhipment and the demand one with lateral transhipment. An
application without lateral transhipment is characterized by the fact that the hospital can request the
material exclusively from the supplier, while in an application with lateral transhipment, the hospital
that at that moment has a lack of material, can request the same from another hospital. The objective of
the work is to create a single virtual warehouse that unites the three hospitals in such a way that,
maintaining the same level of service, the average level of stock is reduced, favouring a reduction in
costs. A simulation model of the Supply Chain was developed through the use of a tool called Anylogic
that allows to dynamically display the output data of the model in its application during the execution
of the simulation and to export the data to other applications in text form. This can be done using various
graphs and histograms with a simple and intuitive interface (Figures 1-3).
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3. Results
Each configuration generated through the combination of different safety stock values for the two drugs
Soliris and Test tube Vacutainer (high cost / low rotation and low cost / high rotation respectively) was
replicated ten times, for a total of 2430 simulations.

A synoptic table of the 9 most efficient results is reported for the two cases analyzed through the
following tables (Tables 1 and 2).

Table 1. Safety stock, stock level, service level and total cost values, for configurations with lateral
transhipment.

Safety stock Stock Level Service Level
Soshrl Vacutainer Soliris Vacutainer Soliris Vacutainer o Fg;t:tl
CB 13;[ IS|CB| IS CB IS ™ |CB|IS |[CB| IS |TM

50 25 50| 11. 20. 192407 32543 6932. | 1.0 1.0 1.0 1.0 1.0 |0.00|12428.
00 00 00| 60 70 .02 12 70 00 00 00 00 00| O 49
50 0 50 | 20. 20. 194864 34246 6151. 1.0 1.0 1.0 1.0 1.0(0.00|16024.
00 00| 69 98 92 .66 17 00 00 00 OO0 00| O 16
50 50 50151 19. 190612 32862 21140|09 09 1.0 1.0 1.00.00]|9362.8
00 00 00| 2 20 .38 17 60 199 99 00 00 00| 1 0
25 50 50 (21. 21. 184251 33111 2037909 09 1.0 1.0 1.0(0.00|1618I.
00 00 00| 07 00 41 15 91 199 99 00 00 00| 2 36
25 25 50| 11. 20. 185546 33724 7779.109 09 1.0 09 0.9 [0.00]|12336.
00 00 00|55 52 .37 .89 68 99 99 00 98 99| 2 93
50 25 50 20. 11. 193367 33099 8156. (09 09 1.0 1.0 1.0 0.00|12380.
00 00 00|95 23 43 77 97 98 98 00 00 00| 3 50
50 50 50| 11. 11. 193655 34315 28525|09 09 1.0 1.0 1.0 |0.00|8775.6
00 00 00|69 10 .68 .58 19 198 98 00 00 00| 3 0
50 25 25 |20. 21. 194190 29979 7445.109 09 1.0 09 0.9 0.00|15907.
00 00 00| 30 07 .19 .70 82 9 99 00 98 98| 3 44
50 50 50 21. 11. 192020 33423 21886(0.9 09 1.0 1.0 1.0 0.00|12378.
00 00 00|02 16 .03 47 41 197 98 00 00 00 3 94

OCNONO—ONO—~ON © OO —=mnO
O~ ONO—O—ONONONONON|W —

Table 2: Safety stock, stock level, service level and total cost values, for configurations without lateral
transhipment.

Safety stock Stock Level Service Level

So;m Vacutainer Soliris Vacutainer Soliris Vacutainer c ]gz;[:tl
g ; CB I;F/I IS |CB| IS CB IS ™ |CB|IS |CB| IS |T™M

2 1 50 0 50 | 20. 10. 193147 33275 6693. 1.0 09 10 09 09 0.0 12183.
0 0 00 00| 68 99 51 47 42 00 98 00 92 94 10 52

2 1 50 25 501{20. 11. 190050 33184 6977.109 09 1.0 09 09 0.0]|12375.
0 0 00 00 00| 94 23 .14 .70 38 94 95 00 93 95 11 76

2 2 25 25 25(20. 20. 183298 30947 6803.109 09 09 09 09 0.0]|15818.
0 0 00 00 00| 41 72 27 37 88 96 96 98 92 94 12 25

2 2 50 0 50 | 20. 20. 191548 32945 6501. 109 09 1.0 09 0.9 0.0 1588%0.
0 0 00 00| 36 94 .85 38 07 94 94 00 93 94 12 31

2 1 50 0 251 20. 10. 186801 30289 6651.109 09 09 09 09 0.0|12088.
0 0 00 00 | 48 95 .15 33 56 96 93 98 93 95 12 37
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25 0 50 | 20. 20. 184419 32640 6767. 109 09 09 09 09 0.0 |16030.
00 00|75 94 .98 44 40 [ 98 98 94 92 94 12 78
50 25 50120. 20. 191676 33814 6527. 09 09 1.0 09 09 0.0]|16111.
00 00 00|94 95 78 .01 68 93 92 00 95 96 13 33
50 50 50120. 11. 192069 34121 10785|09 09 1.0 09 09 0.0|12353.
00 00 00| 8 26 43 42 63 |93 92 00 95 96 13 77
25 50 50 |21. 20. 186348 33435 14222109 09 1.0 09 0.9 0.0 |16200.

00 00 00|16 97 .67 13 38 195 95 00 91 93 14 71

SO DO ON
SO~ OMNDON

The results showed that:
—At the same service level, applications with lateral transshipment are more profitable in terms
of costs;
—At the same total cost, applications with lateral transshipment are more efficient in terms of
service level.
The analysis has therefore succeeded in highlighting the effectiveness of the actual advantage of a
network with lateral transshipment: at the same level of service, the average level of stock is reduced,
favouring a reduction in costs.

4. Discussion and Conclusions
In this work, the impact of lateral transshipment on the performance of a multi echelon SC was evaluated.
To this end, a simulation model was implemented in Anylogic that integrates the concepts of Inventory
sharing and Vendor Managed Inventory [44, 45] with the use of lateral transshipment to find the Lot
Size and Service Level values of each local warehouse, which to minimize the total cost of SC.
Thanks to the analysis conducted on the problems related to the management of the SC, it is possible to
identify the primary objective to be followed to develop an effective SCM. The correct configuration of
the entire logistics-production chain will allow the company to operate immediately at maximum speed,
minimizing the waste of resources and possible subsequent interventions, which would slow down the
normal production process. Companies that successfully operate as singles will increase the benefits of
the entire production chain [46].

All these processes do nothing but move the market towards a "make to order" strategy, using a logic
called "pull”, where demand is pull by production orders. Only through an approach of this kind is it
possible to derive for the companies enormous advantages.

References

[1] Improta G, Russo M A, Triassi M, Converso G, Murino T, Santillo L C 2018 Use of the AHP
methodology in system dynamics: Modelling and simulation for health technology
assessments to determine the correct prosthesis choice for hernia diseases. Math. Biosci. 299,
19-27

[2] Ricciardi C, Amboni M, De Santis C, Improta G, Volpe G, Iuppariello L, Ricciardelli G, D’ Addio
G, Vitale C, Barone P, Cesarelli M 2019 The Motion Analysis "Schola Medica Salernitana"
Group, The Biomedical Engineering Unit: Using gait analysis’ parameters to classify
Parkinsonism: A data mining approach. Comput. Methods Programs Biomed. 180
https://doi.org/10.1016/j.cmpb.2019.105033

[3] Ricciardi C et al. 2020 Classifying patients affected by Parkinson’s disease into freezers or non-
freezers through machine learning 2020 IEEE International Symposium on Medical
Measurements and Applications (MeMeA) (Bari, Italy) pp 1-6

[4] Ricciardi C et al. 2020 Machine learning can detect the presence of Mild cognitive impairment in
patients affected by Parkinson’s Disease 2020 IEEE International Symposium on Medical
Measurements and Applications (MeMeA) (Bari, Italy) pp 1-6

[5] Ricciardi C, Amboni M, De Santis C, Ricciardelli G, Improta G, Iuppariello L, D’Addio G,
Barone P, Cesarelli M, Henriques J, Neves N, de Carvalho P 2020 Classifying Different Stages



ISAIC 2020 IOP Publishing

Journal of Physics: Conference Series 1828(2021) 012081  doi:10.1088/1742-6596/1828/1/012081

(6]
[7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

of Parkinson’s Disease Through Random Forests V Mediterranean Conference on Medical
and Biological Engineering and Computing — MEDICON 2019 1155 1162 p (Springer
International Publishing)

Zhang Y, Padman R, Patel N 2015 Paving the COWpath: Learning and visualizing clinical
pathways from electronic health record data J Biomed Inform 58 186-197

Romano M, Bifulco P, Ponsiglione A M, Gargiulo G D, Amato F, Cesarelli M 2018 Evaluation
of floatingline and foetal heart rate variability Biomed Signal Process Control 39 185-196

Romano M, D’Addio G, Clemente F, Ponsiglione A M, Improta G, Cesarelli M 2014 Symbolic
dynamic and frequency analysis in foetal monitoring. In: 2014 IEEE International Symposium
on Medical Measurements and Applications (MeMeA) pp 1-5

D’Addio G, Ricciardi C, Improta G, Bifulco P, Cesarelli M 2020 Feasibility of Machine Learning
in Predicting Features Related to Congenital Nystagmus. In: Henriques J, de Carvalho P, and
Neves N (eds) IFMBE Proc (Springer) pp 907-913

Recenti M, Ricciardi C, GBlason M, Edmunds K, Carraro U, Gargiulo P 2020 Machine Learning
Algorithms Predict Body Mass Index Using Nonlinear Trimodal Regression Analysis from
Computed Tomography Scans. In: Henriques J, Neves N, and de Carvalho P (eds) XV
Mediterranean Conference on Medical and Biological Engineering and Computing —
MEDICON 2019 (Springer International Publishing, Cham) pp 839-846

Romano M et al. 2013 Symbolic dynamics in cardiotocographic monitoring 2013 E-Health and
Bioengineering Conference (EHB) lasi pp 1-4

Giovanni I, Pasquale N, Carmela S L, Maria T 2014 Health worker monitoring: Kalman-based
software design for fault isolation in human breathing 26th European Modeling and
Simulation Symposium, EMSS 2014 668 672

Cesarelli M, Romano M, Bifulco P, Improta G, D'Addio G 2013 Prognostic decision support
using symbolic dynamics in CTG monitoring, Studies in Health Technology and Informatics
186 140-4 (10S Press, Amsterdam, Netherlands)

Improta G, Romano M, Di Cicco M V, Ferraro A, Borrelli A, Verdoliva C, Triassi M, Cesarelli
M 2018 Lean thinking to improve emergency department throughput at AORN Cardarelli
hospital. BMC Health Serv. Res. 18 914

Improta G, Guizzi G, Ricciardi C, Giordano V, Ponsiglione A M, Converso G, Triassi M 2020
Agile six sigma in healthcare: Case study at santobono pediatric hospital Int. J. Environ. Res.
Public. Health. 17 doi: https://doi.org/10.3390/ijerph17031052

Ricciardi C, Fiorillo A, Valente A’ S, Borrelli A, Verdoliva C, Triassi M, Improta G 2019 Lean
Six Sigma approach to reduce LOS through a diagnostic-therapeutic-assistance path at
A.O.R.N. A. Cardarelli TQM J 31 657-672

Improta G, Balato G, Romano M, Ponsiglione A M, Raiola E, Russo M A, Cuccaro P, Santillo L
C, Cesarelli M 2017 Improving performances of the knee replacement surgery process by
applying DMAIC principles J Eval Clin Pract 23 14017

Ricciardi C, Sorrentino A, Improta G, Abbate V, Latessa I, Perrone A, Triassi M and
Dell'aversana Orabona G 2020 A health technology assessment between two pharmacological
therapies through Six Sigma: the case study of bone cancer The TQM Journal doi:
https://doi.org/10.1108/TQM-01-2020-0013

Ricciardi C, Balato G, Romano M, Santalucia I, Cesarelli M and Improta G 2020 Fast track
surgery for knee replacement surgery: a lean six sigma approach The TQM Journal 32(3) 461-
474

Improta G, Balato G, Ricciardi C, Russo M A, Santalucia I, Triassi M and Cesarelli M 2019 Lean
Six Sigma in healthcare: Fast track surgery for patients undergoing prosthetic hip replacement
surgery The TQM Journal 31(4) 526-540

Improta G, Perrone A, Russo M A, Triassi M 2019 Health technology assessment (HTA) of
optoelectronic biosensors for oncology by analytic hierarchy process (AHP) and Likert scale
BMC Med Res Methodol 19 140



ISAIC 2020 IOP Publishing

Journal of Physics: Conference Series 1828(2021) 012081  doi:10.1088/1742-6596/1828/1/012081

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Cortesi P A, Castaman G, TrifirOoG, Creazzola S S, Improta G, Mazzaglia G, Molinari A C,
Mantovani L G 2019 Cost-Effectiveness and Budget Impact of Emicizumab Prophylaxis in
Haemophilia A Patients with Inhibitors Thrombosis and Haemostasis 120(2) 216-228

Converso G, Improta G, Mignano M, Santillo L C 2015 A simulation approach for agile
production logic implementation in a hospital emergency unit Communications in Computer
and Information Science 532 623-634

Improta G, Simone T, Bracale M 2009 HTA (Health Technology Assessment): A means to reach
governance goals and to guide health politics on the topic of clinical risk management IFMBE
Proceedings 25 12 166-9

Improta G, Converso G, Murino T, Gallo M, Perrone A, Romano M 2019 Analytic Hierarchy
Process (AHP) in Dynamic Configuration as a Tool for Health Technology Assessment (HTA):
The Case of Biosensing Optoelectronics in Oncology Int J Inf Technol Decis Mak IJITDM 18
1533-50

Converso G, Di Giacomo S, Murino T, Rea T 2015 A System Dynamics Model for Bed
Management Strategy in Health Care Units. In: Fujita H and Guizzi G (eds.) Intelligent
Software Methodologies, Tools and Techniques (Springer International Publishing) pp 610-
622

Gurol-Urganci I, de Jongh T, Vodopivec-Jamsek V, Atun R, Car J 2013 Mobile phone messaging
reminders for attendance at healthcare appointments Cochrane Database Syst. Rev. CD007458
doi: https://doi.org/10.1002/14651858.CD007458.pub3

Guizzi G, Vespoli S, Santini S 2017 On the architecture scheduling problem of Industry 4.0. In:
CEUR Workshop Proceedings pp 94-100

Vespoli S, Grassi A, Guizzi G, Santillo L C 2019 Evaluating the advantages of a novel
decentralised scheduling approach in the Industry 4.0 and Cloud Manufacturing era In: IFAC-
PapersOnLine 52(13) 2170-6

Converso G, De Carlini R, Santillo L C, Improta G 2012 Project management implementation for
healthcare activities organization Adv Comput Sci 8, 436-443

Revetria R, Catania A, Cassettari L, Guizzi G, Romano E, Murino T, Improta G, Fujita H 2012
Improving Healthcare Using Cognitive Computing Based Software: An Application in
Emergency Situation. In: Jiang, H, Ding, W, Ali, M, and Wu, X (eds) Advanced Research in
Applied Artificial Intelligence (Springer Berlin Heidelberg) pp 477—490

Guizzi G, Miele D, Santillo L, Romano E 2013 New formalism for production systems modeling.
In: 25th European Modeling and Simulation Symposium. EMSS pp 571-576

Holimchayachotikul P, Leksakul K, Guizzi G 2011 Robust design for etching process parameters
of hard disk drive slider fabrication using data mining and multi response optimization.
Presented at the WSEAS Transactions on Systems and Control 6 15-24

Assunta C, Guido G, Silvestro V, Giusy V 2017 Man-CPS interaction: An experimental
assessment of the human behavior evolution. In: RTSI 2017 - IEEE 3™ International Forum
on Research and Technology for Society and Industry, Conference Proceedings 8065973

Bottani E, Rizzi A 2006 A fuzzy TOPSIS methodology to support outsourcing of logistics
services. Supply Chain Manag. Int. J. 11 294-308

Cerullo G, Guizzi G, Massei C, Sgaglione L 2016 Efficient Supply Chain Management:
Traceability and Transparency. In: 2016 12th International Conference on Signal-Image
Technology Internet-Based Systems (SITIS) pp 750757

Romano E, Chiocca D, Santillo L C, Guizzi G 2013 A resilient approach to manage a supply
chain network. In: 2013 IEEE 12th International Conference on Intelligent Software
Methodologies, Tools and Techniques (SoMeT) pp 93-97

Guizzi G, Chiocca D, Romano E 2012 System dynamics approach to model a hybrid
manufacturing system. Frontiers in Artificial Intelligence and Applications 246 499-517

Anderson D L, Britt F F, Favre D J 2007 The 7 principles of supply chain management. Supply
Chain Manag. Rev. 11(3) 41-46



ISAIC 2020 IOP Publishing

Journal of Physics: Conference Series 1828(2021) 012081  doi:10.1088/1742-6596/1828/1/012081

[40]

[41]
[42]

[43]

[44]

[45]

[46]

Guizzi G, Revetria R, Romano E 2017 Impact of a disruption in a supply chain: An assessment
model. Presented at the XXII Summer School “Francesco Turco” - Industrial Systems
Engineering

Banerjee A, Burton J, Banerjee S 2003 A simulation study of lateral shipments in single supplier,
multiple buyers supply chain networks Int J Prod Econ 81-82 103-114

Lee Y H, Jung J W, Jeon Y S 2007 An effective lateral transshipment policy to improve service
level in the supply chain Int J Prod Econ 106 115-126

Holimchayachotikul P, Derrouiche R, Leksakul K, Guizzi G 2010 B2B supply chain performance
enhancement road map using data mining techniques. In: Proceedings of the 9th WSEAS
International Conference on System Science and Simulation in Engineering (World Scientific
and Engineering Academy and Society, Japan) pp 336-341

Gallo M, Grisi R M, Guizzi G 2010 A vendor rating model resulting from AHP and the linear
model. In: Proceedings of the 9th WSEAS international conference on System science and
simulation in engineering (World Scientific and Engineering Academy and Society, Japan) pp
370-377

Angulo A, Nachtmann H, Waller M A 2004 Supply Chain Information Sharing in a Vendor
Managed Inventory Partnership J Bus Logist 25 101-120

Azevedo S G, Prata P, Fazendeiro P, Cruz-Machado V 2012 Assessment of Supply Chain Agility
in a Cloud Computing-based Framework Scalable Comput. Pract. Exp. doi:
https://doi.org/10.12694/scpe.v13i4.811



