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Abstract: The increase in population has led to an incrgasimportant role for healthcare and, consequeathincrease
in medical waste. Medical waste requires specia dae to its capacity to transmit diseases. Thezekvaluating the
performance of a given hospital waste supply ctiaough certain performance indicators plays ae&safly important
role in supply chain management. A literature remieas therefore carried out about the hospital evaspply chain and
its performance indicators. The main objectivehd article is to analyze which performance indiesfor hospital waste
supply chains exist and what their impact is thfotlge analysis of some case studies. A qualitati quantitative
analysis of existing publications on this subjeesvalso carried out using the Scopus databasehweitkeywords “key
performance indicators” and “supply chain”. Fronsttudy it can be seen that 2023 was the yearthgéthighest number
of publications, and the lowest number of publwasi was in 2011. Article is the typology with thighest number of
publications, with more than 50% of the total. T$tisdy shows that performance indicators enabletbe¢cision-making
in order to improve the efficiency of a hospitalste&asupply chain.

1 Introduction people, healthcare facilities generate infectiond aon-

The progress made in hea|thcare, the growth of tH-iéfeCtiOUS waste that affects the health of healthc
population and the expanding number of medicalifes  Workers, patients and the population [7].
have led to an increasing production of medicalteyas ~ Supply chain management is critical to a company’s
which has also led to an increase in the importasfce ability to remain competitive in the global scaéth the
analyzing healthcare-related waste managemenfTfig. challenge of identifying the most effective way rteet
healthcare sector is a crucial component of theldvorcustomer needs at the lowest cost [8]. The proper

economy, focusing on improving the experience séca Management of healthcare waste can potentiallyaldhe
the health of the population, while reducing thestso transmission of serious diseases that threatenmbereith

associated with healthcare [2]. and the environment, as well as avoid wasting gnangl

Health services contribute to the control, prevaemti reducing costs [9]. Hospital supply chains facenecaic,
and treatment of diseases, and are a sector thiticea €nvironmental and social challenges [10].
substantial amount of financial and human resources Performance measurement plays a vital role in kespi
creating a large amount of material and waste, thiid@nagement and there have been an increasing nofber
affecting environmental sustainability [3]. studies to evaluate healthcare performance [11]. A

Healthcare-related waste is medical or biomedic@dequate performance measurement provides the
waste resulting from all activities performed irattecare ~ information needed for a better decision-making.[12
establishments, research centers and laboratories The article looks at performance indicators related
associated with healthcare procedures [4,5]. Onthef the health sector and assesses their impact byzamgl
main objectives of a healthcare facility is to pdeva case studies related to the _central theme. Thelearti
secure and trustworthy healthcare waste managem@H@vides a range of contributions to the healthtosec
system. Hospital waste can affect people's headtit,can including the following: _ _
be infectious, toxic, lethal because of the posnid - An increase in both theoretical and practical

transmit disease [6]. In addition to providing tieedre to knowledge of the key performance indicators of
hospital waste supply chains.
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- Improving decision-making and the appropriate Table 1 presents the different types of solid neddic

selection of key performance indicators.

This article is divided into 5 sections. Sectiqordsents

waste and gives some examples.

Table 1 Types of solid HCJA6]

an introduction to the central themes. Sections?udises

the hospital waste supply chain and some concagtalao

presents the performance indicators in hospitaltevas

supply chains and their impact on them with somsecal
studies relating hospital supply chains and holspiteste.

Section 3 presents the methodology carried outithrout
this study. Section 4 presents a quantitative amaditqtive

study using the Scopus database in order to andhgze
publications already published in the area. Secton

presents some conclusions drawn from the study.

2 Literaturereview

2.1 Hospital/healthcare waste supply chain

Solid Healthcare was
Cytotoxic Drugs used in cancer ther:
Pharmaceutic Expired and unused drt
Sharps Syringes with needles; blades;
scalpel
. Blood and other body fluids;
Infectious
laboratory culture
. Laboratory reagents;
Chemical disinfectants; batteri
. . Sealed sources; absorbent
Radioactive .
paper; swal
. Human tissues; organs or
Pathological fluids; body part

The healthcare supply chain has been evaluated in a

different way to the standard supply chain duggdigh
level of complexity [8]. The healthcare sector imajor
factor in environmental pollution, generating

Due to mishandling and inadequate treatment, the

management of healthcare waste in developing desrigr
largea public health and environmental problem [17]. In

amounts of waste, consuming a large amount of graevg  addition, the use of disposable devices in develope

emitting greenhouse gases [13].

countries is increasing due to the use of advanced

Healthcare-related waste includes all the materialechnological practices and safety concerns, |egidiran

generated in healthcare centers, research centedical

increase in waste generation in these countriegpaosd

laboratories, but also healthcare-related wastergéed at to developing countries [18].
home [14]. Among all the waste generated, the waste The storage of hospital waste in health centerstfand

considered hazardous for health professionals atiens

transport of these materials to treatment centersveo

is between 10 and 25% of the total medical wasteA5 risky tasks, involving risks for health professitmand

contaminated needle used incorrectly has a ridgkiof3 of

developing hepatitis B infection, 1 in 30 of hepatC medical
professionals and the general population, but tisthe

infection and 1 in 300 of HIV infection [15].

people in the community [19]. Proper management of

waste, avoids being a danger to health

Sustainable Supply Chain Management (SSCM) in thenvironment [5].

medical sector involves the management of the fidw

Figure 1 illustrates an example of a medical waste

materials, services and information from suppliess supply chain.

healthcare suppliers [13].

Medical waste
generation

Transport outside
health facility

Treatment of wast}

Segregation of
waste from source

Common storage dt
health facility

Final disposal

Storage at point o
generation

Transport within
health facility

Figure 1 Example of Hospital medical waste chai@][2

The separation of hospital waste is an importa st

Good waste management practices are best achigved b

the correct management of healthcare waste and ftheparing and implementing a Health Services Waste
analysis of the composition of the waste makesssible Management Plan, describing all the steps andegiest

to determine the most appropriate methods for igpodal
and treatment of healthcare-related waste [21].

according to each type of waste and containingastto
prevent possible impacts on public health and the
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environment [22]. The sustainable disposal of hapi allow management decisions to be planned, suppartdd
waste is a field that requires further study dueitso controlled, making it possible to ensure the desire
significant importance [23]. performance [26].

Faced with the negative effects that inadequate Performance indicators are used by hospitals tatoron
treatment of medical waste has on people, includirend evaluate performance in relation to the vatdexther
environmental, economic and social issues, citi#h w similar organizations or reference values, making i
higher population density need to find and develop possible to ascertain whether performance is arigte

reliable medical waste management system [23]. level and to identify where improvements can be
implemented [27,28].
2.2 Key performance indicators in healthcare An efficient and rational healthcare performance

The instability of the environment and the dynamieneasurement system makes it possible to improve the
changes taking place in world economies lead to tlguality of medical services, reduce costs, optinseevice
necessity of implementing and using new tools, siscthe  processes and obtain the best allocation of reseyid].
identification and implementation of indicators (KPin  Evaluation of the healthcare sector is complexgesin
the evaluation system, which make it possible et  unsatisfactory performance can result from longtingi
and improve organizations [24]. times, inefficiencies, patient dissatisfaction dmdnout

KPIs correspond to a quantitative index that shth@s among healthcare professionals [29].
main success factors of a certain organization, iand  Table 2 contains examples of performance indicators
adjusted to the context and objectives of eachnizgion related to hospital waste supply chains, divideid i
[25]. KPIs are considered to be management tods thtypes.

Table 2 Performance indicators and definition [3,3
Typology Indicatol
Hospital Waste per Bed: Quantity of Hospital Wasteduced per
month/total number of existing be
Hospital Waste Production per Surgery: Quantiti#lo§pital Waste
produced per month/total number of surgeries oguyiin the
operating room per mor
Production of Hospital Waste per External consliantity of
hospital waste produced per month/total numbeutgatient visits
permontt
Operational | Water Consumption per Sterilized Material: Consuampbf H20 in
the sterilization center per month/quantity of ititerd surgical
instruments per mon
Water Consumption per Packaging Material: Conswnpdf H20 in
the sterilization center per month/quantity of @egikg material use
in the sterilization center per mol
Electricity Consumption per Hospital Waste produpedmonth:
Consumption of electricity per month/amount of hits8pvaste
generated per mor
Containers collected per Employee: Number of coetai
collected/area where containers collected by eaghiayee assigned
to the waste collection per month/total buildinge
Container collected per area: Number of containellected by each
employee assigned to the waste collection per nftotdhbuilding
ares
Cost of Hospital Waste per bed management: Cdsbsyital waste
management collected and sent by external entitfjrfal treatment]
per month/total number of existing b
Cost of Hospital Waste/Employee management persobast of
personnel assigned to waste management per yedénuah
employee
Total common healthcare waste (kg)/Total healtheaste (kg
Cost of healthcare waste removal (bed)/Cost ofthemle waste
removal (liters’
Recyclable healthcare waste (kg)/Common healthwaste (kg

o

Management

Economic

Environmental
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2.3 Key performance indicators for hospital between the performance variables. A balanced caate
waste supply chain — case studies was also used to categorize the performance vasabhe

This section analyzes some case studies that dfew tesults show a significant influence of the strategiality
use of performance indicators for hospital wastepsu and internal business indicators on waste managemen
chains. performance.

The case study carried out by Burlea-Schiopoiu & A case study proposed by Tudor et al. [34], thisepa
Ferhati [32] focuses on identifying a range of key‘GhOWS the results of two organizations - Cardlﬁi Afale
performance indicators (KPIs) to enable manages aNHS Trust and Cornwall NHS Trust - in relation twet
employees to assess, monitor and control the ¢factmrs ~ Systems they have implemented to minimize waste. A
influencing the performance of the healthcare seirto humber of systems implemented by the two instinistio
Algeria. The results show that the proper implemton  @imed at the sustainable management of waste stream
of KPlIs allows managers to make better decisionsame Were analyzed. The results demonstrate the nesteledop
also used as tools for the developing of sustainabhlth and implement systems to develop best practice.
systems both in Algeria and in developing countries

In the case study presented by Ferronato et §l.t188 3  Methodology
purpose is to present a proposal for a tool feegrdated Research methodology is the science that allows the
management as a first method of assessment ta detec analysis of how research is carried out from andifie
predominant problems in a healthcare waste managempoint of view, with the main objective of descrigimand
system in Bolivia. The results prove the usefulneks analyzing the methods, clarifying and highlightitiee
applying indicators to analyze the priorities thlabuld be limitations and resources [35].
considered in order to improve the healthcare waste The aim of this study is to investigate performance
management system. indicators for improving supply chains related to

Another case study carried out by Amos et al. 18, healthcare and its waste. A literature review veagiacted
objective is to define key performance indicatoos tto contextualize the central concepts of the stadgh as
increase the performance of waste management eetivic hospital waste supply chains, as well as the inapog and
public hospitals in Ghana. Thus, data was colleetedl examples of performance indicators.
analyzed through interviews in hospitals and a ggne  Figure 2 illustrates the methodology used throughou
guestionnaire survey, and then structural equatvesie this study.
modeled by partial least squares to model theioglstiips

Case Study Quantitative e

Ll et Analysis Qualitative analysis

«Hospital/Healthcare waste «Purpose *Scopus database
supply chain * Methodology
*Key performance *Results
indicators

Figure 2 Research methodology

The case studies analyze the main objective of tlp  Result and discussion
work, the methodology used and the main resulteto  performance  indicators  allow  organizations'

extracted from each case study. Through the asabfsi performance to be monitored more carefully and miake
various case studies, it is possible to investighie possible to ascertain whether the results achievake it
different impacts and results that key performancgossible to achieve the objectives set by the dzgtians.
indicators can have on supply chains. From the indicators, which are measured quantebtjvt
Next, in the discussion section, the existence @ possible to analyze which areas need the most
publications related to the central theme of thelstis  jmprovement.
analyzed in a qualitative and quantitative methai the Therefore, this section carries out a qualitativiel a
support of the Scopus database, which investigdies quantitative analysis using the Scopus databasedr to
concepts of “key performance indicators” and “sypplinvestigate the existence of publications relating
chain”. performance indicators and supply chains with titeria:
Finally, the conclusion section contains some @ th  (“key performance indicators” and “supply chain”).
conclusions drawn throughout the study and analilE®s  The following selection criteria were used to amaly

importance of having performance indicators in fitabp documents related to the central theme of the study
supply chains and hospital waste.
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Research date: 2May 2024 Document Type: Article, Conference Paper, Book
Research fields: “Article title, Abstract, Keywofds  Chapter, Review, Conference review and Book

Time period: Between 2010 and 2023 Figure 3 provides the number of results for eaalyest
Language: English of the selection criteria.

Research date: 27th May 2024 and Research Fields: "Artlele ti
Abstract, Keywords"

* 763 documents found

Time period: Between 2010 and 2023

*648 documents found

Language: English

*641 documents found

Document Type: Article, Conference Paper, Book Chapter,
Review, Conference review and Book

*641 documents found

Final result: 641 documents

Figure 3 Number of documents found in each stage

Figure 3 shows that 763 documents were found in the
first stage. When the search period was limitez nilmber Number of documents by year
was reduced to 648 documents. Seven documents whoseFigure 4 presents the number of documents in each
language was not English were eliminated. Thenywvthe year.
type of document was selected, the value did nahgé.
Thus, the final result of the search was 641 docuisne

Documents by year

90
80
70
60
50
40
30
20
10 20

Number of documents

26

23

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year
Figure 4 Number of documents in each year
Figure 4 shows an evolution in the number obeing 20 in 2011 and the maximum number being 83

publications using the concepts “key performancpublications in 2023.
indicators” and “supply chain”, with the minimummber
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Number of documents by country density, the higher the number of publications liatt
Figure 5 shows a map of the number of publications country.
each country. It should be noted that the higherciior

Documents by country or territory

Documents
T8

¥ sy

Figure 5 Number of documents by country/territory

Figure 5 illustrates that countries such as lthigia,
Germany and the United States have the highestewuofib Number of documents by type
publications on supply chain and performance indisa Table 3 shows the number of each type of publipatio
There are also fewer publications on the Africantioent  Figure 6 shows the distribution of the type of pedtions
than in the rest of the world. Practically all Epean with the respective percentages.
countries have published in this area.

Table 3 Number of documents by type

Document Typ Numbe | Document Typ | Number
Article 322 Conference Pap |24€
Review 23 Book Chapte 40
Conference Revie |8 Book 2

Documents by type

Book Chapter Boaok
5,24% 0,31%

Article
50,23%

Conference Paper
38,38%

Conference Review /1

1,25% Review
3,59%
Figure 6 Number of documents by type
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Table 3 and Figure 6 show that Articles and Comfege Keyword Analysis

Papers have the highest number of publication®i{bey A study was also carried out looking at the keyword
with 568 publications - 88.61% of all existingpresent in the publications in this study.

publications). Article is the typology that has mdhan Figure 7 provides a visualization of the networkickh
half of the existing publications (around 50.23%). shows a graphic representation of the relationships

between the keywords present in the set of docusnent
under analysis. It should be noted that only keylsavith
at least 5 occurrences were used in this analysis.
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Figure 7 Network visualization

Figure 7 shows different colors representing déffér keywords in the different publications shows the
clusters. There are 9 clusters in this network @ithtal of importance of this topic for researchers.
212 keywords. The most occurring keywords are “key
performance indicators”, “benchmarking”, “supplyagch 5 Conclusions
management” and “supply chains”. It should be neted The main purpose of this study was to analyze the
the larger the size of the letter, the higher theiber of importance of performance indicators in hospitaktea
occurrences. The high number of occurrences ofethesypply chains. Thus, a contextualization of the rmai
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concepts of this study was carried out and some cas Pandemic. Springer, Singapore, pp. 197-218, 2022.

studies were analyzed, allowing for an analysisthef https://doi.org/10.1007/978-981-16-9336-6_9

importance of performance indicators in hospitaktea [5] TFAILY, M., MOUSSA, S.: Assessment of Healthear

supply chains. Waste Management in Hospitals of South Lebanon,

Beirut Arab University Journal — Health and

A quantitative and qualitative study was then eatri Wellbeing Vol. 2, No. 2, pp. 1-12, 2020.

out using the Scopus database, which showed asaiser https://doi.org/10.54729/2789-8288.1041

in the number of publications over the years arel t{6] AUNG, T.S., LUAN, S., XU, Q.: Application of niti-

existence of documents related to the subject actipally criteria-decision approach for the analysis of roaldi
every continent (the smallest number on the African waste management systems in Myannjayrnal of
continent). Cleaner Production Vol. 222, pp. 733-745, 20109.

According to the results presented in the "Resuits https://doi.org/10.1016/j.jclepro.2019.03.049
discussion" section, there has been an increadhein [7] DEEPAK, A., KUMAR, D., SHARMA, V.

number of publications over the year, with 2023behe Developing an effectiveness index for biomedical
peak year in terms of the number of publicatiormur@ries waste management in Indian states using a composite
such as ltaly, India, Germany and the United Stateshe indicators approach,Environmental Science and

main ones responsible for the largest number of Pollution Researchvol. 28, No. 45, pp. 64014-64029,
publications. The type of documents with the highes 2021. https://doi.org/10.1007/s11356-021-13940-4
number of publications are articles, with 322, an{B] LAGANA, I.LR., COLAPINTO, C.: Multiple criteria

conference papers with 246. decision-making in healthcare and pharmaceutical
The increase in population has led to an exporieiséa supply chain management: A state-of-the-art review
in medical waste generated by health institutiarestd the and implications for future researclgurnal of Multi-
need for more healthcare. If this waste is nottéca Criteria Decision AnalysisVol. 29, No. 1-2, pp. 122-
correctly, it can have negative consequences foesso In 134, 2022. https://doi.org/10.1002/mcda.1778
this way, the implementation of performance indicatin  [9] ASHTARI, A., SADEGH TABRIZI, J., REZAPOUR,
hospital waste supply chains allows for better piag, R., RASHIDIAN MALEKI, M., AZAMI-AGHDASH,
monitoring and evaluation of the objectives proplobg S.: Health care waste management improvement
organizations. Areas related to the health sectgstrbe interventions specifications and results: A systigna
constantly analyzed, as it is one of the most irgr review and meta-analysifianian Journal of Public
sectors for society. Health, Vol. 49, No. 9, pp. 1611-1621, 2020.

As future work, it is necessary to carry out mossec https://doi.org/10.18502/ijph.v49i9.4074
studies that show the importance of implementinflO] DUQUE-URIBE, V., SARACHE, W., GUTIERREZ,
performance indicators to improve the performan€e o  E.V.: Sustainable supply chain management practices

hospital waste supply chains; to analyze the enwiental, and sustainable performance in hospitals: A
social and economic impact of hospital waste mamege systematic review and integrative framework,

Sustainability Vol. 11, No. 21, pp. 1-30, 2019.
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