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Abstract

This paper presents the diagnosis of the state of implementation of processes and technologies for the supply
chain management of hospitals in Medellin, in order to determine the level of competitiveness of hospitals
in the city with respect to world class hospitals. First, a bibliographic search process was carried out to
determine the most used logistics trends in hospitals in different countries. All this followed by an analysis
of the literature review and, finally, an instrument was designed and applied to a representative sample of
hospitals in Medellin, where four important subjects were evaluated: stock, information systems,
optimization and continuous improvement.

This study found that the most used logistic tools in hospitals in Medellin are: lean manufacturing,
standardization of processes, stock control, among others. However, in the analysis performed by quadrants,
it is evident that there are opportunities for improvement in the methodology used by hospitals to develop
their logistics activities, since 80% of the sample has a low positioning factor and therefore a globally
uncompetitive logistic level.
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1. Introduction

In the hospital sector, the supply chain is an important factor in terms of efficiency and patient care, since it defines
different fundamental methods to the development of the processes. Hospital logistics currently seeks to improve the
patient's perception and attention times, reduce delays, improve flows and increase the processes effectiveness (Zona
Logistica, 2015).

The objective of the hospital sector in Colombia will be to formulate, adopt, direct, coordinate, execute, and evaluate
public policies on health, public health, and social health promotion; as well as participate in the formulation of the
policies on pensions, periodic economic benefits and professional risks, which will be developed through the
institutions that comprise the administrative sector (Republica de Colombia, 2016). Aiming at this, the National
Planning Department, by 2016, presents a budget corresponding to 11.4% of national expenditures in the
regionalization of the investment budget (Departamento Nacional de Planeacién, 2015). However, focusing on the
quality of health care, managers have left this issue aside, specifically in making better use of resources (Colombia &
Ministerio de la proteccién social, 2005). In order to improve these resources and increase the user experience,
methodologies are implemented in different hospital departments, focusing on different areas such as inventories,
storage, planning, continuous improvement philosophies, methods, times, and standardization.
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For all the aforementioned, there is a need study the logistics trends in the hospital sector worldwide, analyzing the
variables that are taken into account for the management of processes and comparing the hospitals in Medellin with
the world references.

2. Methodology

The research was completed in different stages: first, a literature review was carried out in order to determine the most
used logistic tendencies in the world. Second, an evaluation instrument was designed to make a diagnosis in the city
of Medellin, taking into account the important aspects verified in the literature review. Finally, the information was
collected and analyzed.

2.1. Literature review

A bibliographic search process was carried out in order to build the literature review of global logistics trends, taking
into account the meaning of hospital logistics and its flow of information, such as entries, processes and departures.
84 publications were consulted, among them, degree projects, journal articles and case studies, which allowed the
construction of antecedents and references.

2.2. Design of the evaluation instrument
For the development of the survey, four important themes were defined from the literature review:

e Inventory: this section intends to evaluate how activities related to the control of stock, storage and their
policies are carried out to comply with the activities established by the institution.

o Information systems: it seeks to know the level of implementation of information systems in the hospital,
their real-time reliability and their treatment with different providers.

e  Optimization: this section will allow to know the level of implementation of computational tools to improve
the attention and quality of the services provided by the hospital.

e  Continuous improvement methodologies: it is sought to know at what level the methodologies of continuous
improvement are applied within the areas of the hospital, as well as the standardization of its processes and
certifications with which the institution has.

Overall, there are 43 questions that some hospitals of Medellin had to answer to make a diagnosis of their supply chain
management.

2.3. Definition of the sample

Initially, a classification was made of the hospitals that provide health services in Medellin (complexity two, three and
four). These were obtained from the list of institutions providing health services of the Ministry of Health and Social
Protection, with a total of 21 institutions.

Knowing the population, the sample was calculated for finite populations with (1), its formula is:

_ _ NZpq
n= 2(N_ 2 (1)
d?(N-1)+Zipq

Where:

N= Total population

Za= Calculated for a given confidence level
p= Expected proportion

q=1-p

d= Precision level

The parameters used for this research are:
N=21
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Zo= 1,645 for a confidence level of 90%
p=2%

g=95%

d= 6%

This calculation suggests that the sample has a size of 9 hospitals. A level of proportion of 2% is considered adequate
because of the homogeneity in the characteristics of the population, because it is located in the same city and under
the same health policies.

The selection of the hospitals in which the instrument was implemented was made by simple random sampling, where
the selection process is performed independently and successively according to a list that allows a random selection
of the elements that make up the population (Vivanco, 2005). The selected institutions are presented in Table 1. For
confidentiality, the name of the hospitals will be omitted and will hereby be called institutions.

Table 1. Institutions selected and their level of complexity. Source: self-made.

Institution Level of complexity
Institution 1 Level 4
Institution 2 Level 3
Institution 3 Level 2
Institution 4 Level 3
Institution 5 Level 4
Institution 6 Level 2
Institution 7 Level 3
Institution 8 Level 4
Institution 9 Level 4

2.4. Collection of information in hospitals in Medellin city

In order to understand the hospital logistics trends in Medellin, a set of interviews were conducted in the
aforementioned institutions and with the designated personnel for this purpose (heads of purchases, pharmacy
coordinators and/or logistic leaders). From these interviews, a diagnosis and later analysis were completed. The
variation in the position of the personnel who collaborated with the survey is due to the organization chart of each
institution.

2.4.1. Interview procedure

To conduct the interviews, a meeting was requested from the selected hospitals, followed by a tour of the hospital in
order to determine the responses to the different items of the questionnaire. In some cases, the tour was unavailable
and the survey was carried out with the collaboration of the personnel in charge.
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2.5.  Analysis of the information collected

In the qualification of the instrument the same weights are established for each one of the items, for which the rating
is done in a percentage way and converted to a score of 1 to 5, where 5 means a high degree of implementation of the
global logistics trends resulting in a high level of competitiveness at an international level. At this stage, a quadrants
analysis was made to identify the degree of compliance of global trends in terms of the positioning factor.

3. Literature review

Corporate logistics include the planning, organization and control of all activities related to the obtaining, transfer and
storage of materials and products, from acquisition to consumption, through the organization, and as an integrated
system, including everything related to the information flows involved (Cuatrecasas Arbos, 2000). The supply chain
is a set of functional activities (transport, stock control, etc.) that are repeated many times along the flow channel,
through which the raw material becomes finished products and value for the consumer is added (Ballou, 2004). The
components of a typical logistics system are customer services, demand forecasting, distribution communications,
inventory control, material handling, order processing, parts and service support, factory location selection and storage
(layout analysis), purchasing, packaging, handling of returned goods, removal of salvaged goods (rubbish) and waste,
traffic and transportation, storage and provision (Oak book iL Council of Logistics Management, n.d.). It is important
to emphasize that each industry shapes its supply chain according to its needs and implements various strategies in
order to achieve its proposed objectives.

Not far from corporate logistics, the hospital supply chain shares many of its characteristics. The Canadian Logistics
Association defines it as the process of planning, executing and controlling efficient, cost-effective flow and storage
of raw materials, stock in process, finished products and related information from the point of origin to the point of
consumption, in order to meet the needs of customers (Bernal & Latorre Castro, 2012). The main purpose of hospital
logistics is to dispatch products in a given time, to meet the needs of those who provide the service (Callender, 2007).
It is composed of an internal and an external chain, where it is suggested that hospitals should focus on both: the
external supply chain to minimize costs, and the internal chain to maximize service levels (Pan & Pokharel, 2007).

Although the interest in hospital logistics research increases with time, the level of implementation of different logistic
methodologies in hospitals is not very high. This can be evidenced by the number of case studies found in the literature
review, only 6% of the publications found in this research refer to specific hospitals.

Figure 1 depicts the number of publications per country, showing that the United States and the United Kingdom have
made more publications on these subjects. However, it was found that other countries have only one publication,
therefore, they are not presented in the graph.
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Figure 1. Number of publications per country from 1995 to 2015, Source: Self-made.

Table 2 shows some of the methodologies with which the hospital sector has sought to optimize its supply chain from
1995 to 2015. These include lean manufacturing and mathematical modeling with 17 publications followed by process
standardization with nine and Process outsourcing and Just in Time with eight publications.

Table 2. Trends in hospital logistics found in the study. Source: self-made.

Used trend

Number of publications (1995-
2015)

Mathematical modeling

17

Lean manufacturing

[y
~

Process standardization

Outsourcing

JIT (Just in time)

RFID (Radio frequency identification)

2bin system

AGYV (Automatic Guided Vehicle)

ERP (Enterprise Resource Planning)

Automation of supply

Simulation

Six sigma

EDI (Electronic Data Interchange)

Benchmarking

Integrated information system

Centralization of supply

VMI (vendor managed inventory)

Kaizen

Wil dlOOjOOlOI|lOI|OAI|OI|O|N|0|0|©
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Number of publications (1995-

Used trend 2015)
Barcode 3
Forecast
TOC (Theory of constraints)
5S

Internet of things

Kanban

Computer tools

EMRs (Electronic medical records)

RFCD (Radio frequency data capture)

Innovation

Stockless

Built-in-quality

Cross-docking

stock control

Consolidated transportation rutes

Cooperation between hospitals

SPD (Supply, Processing and Distribution)

VSM (Value stream mapping)

ABM (Activity based management)

Modular storage

Mobile platforms (Automation)

CPI (Continuous process improvement)

Enviromental legislation

RPlRr|lRr|lRrlRr|IRP|IRPrIRP|IRPRIRPIRPR|IRP[RrIRP|Rr|RP[RLR|RL[NMdINMINM NN

Interchangeable cars

LMIS (Logistic management and information
system)
Carousel

-

Capacity increase
Strategic alliances

SRC (Continuous replenishment system)

Capacity maturity model

Technology

stock models

Hospital accreditation

Multi-criteria analysis

PDA (Personal digital assistant)

RlRrlRr|lRPr|IRPr|IRP|[PR|IRP|RLr|RP|R

Layout
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After knowing the most common trends, a categorization was made by the same subgroups named in the methodology,
in order to determine the area of application of the tendencies.

4. Results

The positioning factor of the institutions allows to determine percentage of the degree of implementation of the global
logistics trends in Medellin. It is considered that a score higher than 3.5 and a positioning factor higher than 70% are
sufficient to determine if institutions satisfactorily comply with the implementation of logistics trends. Table 3 presents
a summary of the positioning factor, the score in each of the categories and the overall rating. The positioning factor
was found by converting the overall score to percentage.

Table 3. Summary of the global positioning factor and qualification of institutions. Source: Self-made.

Institution Complexity FP Inventory Information system | Optimization iﬁgrr]g\?eun(i:;t Os\(l:i:i"
1 4 74,60% 3,18 4,14 4,00 4,08 3,73
2 3 60,40% 2,29 3,00 3,43 3,77 3,02
3 2 62,20% 2,65 2,29 2,86 431 3,11
4 3 54,00% 2,53 2,00 3,57 2,85 2,7
5 4 66,00% 2,76 2,71 3,14 4,38 3.3
6 2 63,20% 2,71 2,43 3,86 3,77 3,16
7 3 65,40% 2,88 3,00 3,14 4,00 3,27
8 4 64,00% 2,65 2,86 3,14 4,15 3,2
9 4 63,20% 3,12 3,00 3,00 3,38 3,16

In addition, a subgroup scatter chart was used to classify the institutions into different quadrants according to their

rating and positioning factor:

e Quadrant I: Scatter chart area where institutions with a score higher than 3.5 and a positioning factor greater
than 70% are located. Being positioned in this quadrant determines that the institution meets a satisfactory
level of implementation of worldwide logistic trends.

e Quadrant II: Scatter plot area where institutions with a score lower than 3.5 and positioning factor greater
than 70% are located. The institutions that are in this quadrant require some improvement implementations
regarding the implementation of global logistics trends.

e Quadrant Ill: Scatter chart area where institutions with a score lower than 3.5 and a positioning factor lower
than 70% are located. Being positioned in this quadrant determines that the institution has a low degree of
compliance with the implementation of worldwide logistics trends.

e Quadrant IV: Scatter plot area where institutions with a score higher than 3.5 and a positioning factor lower
than 70% are located. The institutions that are in this quadrant require some improvement implementations
regarding the implementation of global logistics trends.

Figure 2 shows the quadrants according to the previously established numbering.
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Figure 2. Scatter plot per quadrants. Source: Self-made.
4.1. Inventory
Figure 3 shows the scatter plot by quadrants for this subgroup. It can be evidenced that one of the hospitals of
complexity 4 is in the second quadrant, meaning that this institution could implement some improvements to rise its

score. On the other side, the other institutions are located in the third quadrant, this allows to conclude that in the
subgroup of inventories they comply with low level of implementation of global logistics trends.
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Figure 3. Scatter plot subgroups inventories according to qualification and positioning factor. Source: self-made.
4.2. Information systems
The scatter plot for this subgroup is presented in Figure 4, where it is observed that only one institution presents a

satisfactory implementation of logistic tendencies in information systems, while the other institutions have a greater
opportunity for improvement.
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Figure 4. Scatter plot subgroup information systems according to qualification and positioning factor. Source: Self-
made.

4.1. Optimization
This quadrant analysis for the optimization subgroup suggests that only one institution has a high degree of compliance

with this topic as presented in Figure 5. The institutions in quadrant three have a high opportunity for improvement,
and the ones located in quadrant four are recommended to look for improvement options.
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Figure 5. Scatter plot subgroup optimization according to qualification and positioning factor. Source: Self-made.

4.2. Continuous improvement

The subgroup of continuous improvement presents a better performance than the previous subgroups, due to the fact
that most institutions are in quadrants one and four as shown in Figure 6.
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Figure 6. Scatter plot subgroup continuous improvement according to qualification and positioning factor. Source:

Self-made.

In general, the scatter plot of Figure 7 shows how hospitals are located along the quadrants, identifying that all but
one of the institutions do not satisfactorily comply with the global logistics trends of the hospital sector.
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Figure 7. General scatter plot by ranking and positioning factor. Source: Self-made.

5. Conclusions

In this paper we classified the publications found in order to identify the subgroups in which the trends are
implemented. It is possible to perceive that these methodologies are applied according to the resources and
needs of each hospital, evidenced in the proportionality of publications that focus on the improvement of

processes and technologies.

One of the contributions of this project is to know and identify the literature review of hospital logistics, it
was found that the countries that have shown the most interest according to the number of disclosures are the
United States and United Kingdom with seventeen and eight publications respectively. In the same way, it
was found that lean manufacturing and mathematical modeling are the most common logistic trends in the
literature which are implemented in different departments of the hospital such as warehouse, emergency,

surgery, and external care and support.
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e According to the results obtained in the analysis by quadrants, it is concluded that hospitals in Medellin still
have to improve in many aspects to be competitive worldwide, since all the institutions of the sample -except
for a complexity 4 hospital- are found located in the third quadrant.

e The continuous improvement subgroup is the one that presents a better rating, this can be due to the 1SO
9001 quality accreditation system, which requires within its standards to have a continuous improvement
system to be followed up.

e The optimization subgroup presents satisfactory scores, however, they fail to meet the international
positioning factor. This can be due to the lack of resources for the implementation of technologies that support
the optimization of processes.

e The subgroup of information systems and inventories are the ones that present greater opportunities for
improvement. Despite finding some publications that deal with this issue, they have not been implemented
in hospitals in Medellin.

o After the analysis of the results of the survey by quadrants, it was found that the IPS with level of complexity
4 are those that have a higher average positioning factor (66.95%). However, this value places these
institutions in quadrants 111 and IV, demonstrating that they do not comply with the implementation of global
logistics trends in general.

6. Future projects

It is expected that the analysis of the results of this research will be expanded by analyzing the behavior of data with
a box and whisker plot, in addition to an analysis of the categorization of hospitals and finally an analysis by institution
including recommendations to each one of them.
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