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ABSTRACT

Aim of the study is to evaluate economical
feasibility of a Transfusion Medicine RFId application,
which was studied in order to enhance patient safety
and in order to improve blood inventory management
processes.

A reverse engineering of processes was performed
through Flow Charts and Activity Forms and a RFId-
based processes re-engineering has been designed in
order to reduce criticalities. Then a Return on Safety
assessment was performed through a RFId-enabled
processes FMECA and through Key Performance
Indexes (KPI) design.

Finally a cost-revenues analysis was performed in
order to verify the investment economic sustainability.
Using HF and UHF RFID technology was considered,
and a multi-scenario economic analysis was performed.

This pointed out that Payback Periods, related to
the two technology choices, are comparable only if
project implementation allows a waste reduction higher
than 3.5%. The study also showed that economic
benefits are maximized if project application 1is
pervasive.

Keywords: RFID, economic assessment, transfusion
medicine, risk management

1. INTRODUCTION

The health care industry is currently growing very
fast and it is also facing many challenges from the
increasingly competitive and globalized business
environment.

In order to stay competitive, businesses in the
health care industry have applied new technologies to
manage patients, personnel, and inventory to streamline
the efficiencies and effectiveness of business functions
(Chong and Chan 2012). The potential of Radio
Frequency IDentification (RFID) technology within
health care environments has been assessed by several
studies, showing positive effects on patient safety and
logistics concerning patients and medical products (Van
der Togt et al. 2011).

Improving operational efficiency through RFID
technology, allows Heath care facilities to gain a
competitive advantage over their competitors (Chong
and Chan 2012).

Nevertheless, prior experiences show that RFID
systems have not been designed and tested in response
to the particular needs of health care settings might
introduce new risks. Although the high employment
flexibility of RFID technology, each application has to
be carefully studied in order to achieve estimated
project results and investment economic justification.

Even though the main goal of health care
investments is to increase the quality of service
provided to patients, economic analysis is necessary to
provide an economic justification of proposed
investment. Particularly, a RFID application project has
a specific complexity because of variety of components
which can be chosen for the system design. RFID
systems differ in operative frequencies, transponder
energy supply, complexity of chips mounted on tags,
presence of additional components such as sensors,
memory capacity ecc.

These characteristics are related to technical
specifications (reading distances, volume of multiple
read etc..), and to considerable cost differences for the
systems implementation (Talone and Russo 2006).

The present work is allocated in this context. Its
aim is to assess the economical feasibility of a RFID
application in Transfusion Medicine, which was studied
in order to enhance patient safety (Borelli et al. 2010)
and in order to improve blood inventory management
processes (Orru et al. 2010).

Transfusion Service is one of the healthcare areas
with high intervention potential. As a matter of fact
clinical risk related to transfusion medicine is still a
very important topic within Healthcare systems. ABO
incompatible  transfusions data  frequency is
considerable: Germany 1:36000; USA (New York)
1:38000; France 1:135207; Ireland 1:71428 (Ahrens et
al. 2005), in case of Acute Haemolitic reaction, deadly
consequences for patients may occur in 10% of cases
(De Sanctis, Lucentini et al. 2004). Post transfusion
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viral transmission probability is about 1:1900000 for
HIV and 1:1600000 for HCV (Goodnough 2003).

It’s important to note that about 50% of United
Kingdom SHOT (Serious Hazards of Transfusion) 2011
reports are caused by human error, RFId systems aim to
delete them by introducing safer identification devices
and procedures.

Transfusion medicine is one of the most important
intervention areas because blood components are high
added value assets, so a more efficient management of
them may generate important economic advantages.

Furthermore, the specific blood need of Sardinia
Island people are outstanding: in view of the very high
proportion of thalassemic patients, it is the most High-
level in Italy (64 packed red blood cells units/1000
inhabitants, while the national average is 42) (Istituto
Superiore della Sanita 2008 ).

2. RFID PROJECT

The project has been developed at Blood
Transfusion Centre (BTC) of AOB Hospital in Cagliari
(Sardinia Island, Italy). The Blood Transfusion Center
and two of the most important operative units of the
Hospital, Transplant Unit and Brain surgery unit, were
involved. The main study steps are summarized below.

2.1 Analysis step

In the first part of the study, a reverse engineering
of present processes (As-is) was performed, by means
of visits and operator interviews in order to map
processes, to define information and material flows and
to analyze infrastructure and technology status. As-Is
analysis was performed through two tools : Flow Charts
and Activity Forms.

Criticalities and process error sources were put in
evidence through a Failure Mode Effects and
Criticalities Analysis (FMECA) in order to suggest
suitable actions for process refinement. Through Risk
Priority Index (RPI) definition and through a bar chart
set and a variable threshold ABC analysis, possible
failure modes were studied and classified.

FMECA showed that most critical activities are
carried out inside Unit Wards; particularly highest RPI
values were measured in case of human errors.

2.2 Synthesis Step

In the second part of the study, an RFId-based
processes re-engineering (To-Be Model) has been
designed in order to reduce criticalities and to improve
Transfusion Medicine service performances. Synthesis
stage was divided in two different parts which are
mutually complementary.

The first part regarded “Transfusion Loop”
processes (Borelli et al. 2010), while the second one
regarded all processes from Blood Donation to final
storage (Orru et al. 2010). Their implementation would
be a new system model for whole Blood Chain process
management. (Borelli et al. 2011).

Process re-engineering stage was formalized by
creating more than 20 new flow charts and the related
Activity Forms.

2.3 Return on Safety (ROS) assessment

A Return on Safety (ROS) assessment was
performed through a RFId-enabled processes FMECA
and through Key Performance Indexes (KPI) design.

FMECA pointed out that human errors in manual
operations are still the most important. Particularly
clinical activities (including patient treatment, manual
blood testing etc.) are fewer, than other general
activities (writing, material handling etc.).

Three KPI were used in order to evaluate “ex ante”
the RFId project main goal achievement i.e. clinical risk
reduction in Blood Chain Processes.

ROS assessment pointed out an appreciable
clinical risk reduction within the whole Blood Chain
(figure 1) and a not considerable variation of activities
amount.
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Figure 1. Comparison between AS-IS and TO-BE
Normal Distribution of RPI values

3. ECONOMIC ASSESSMENT

After ROS assessment a cost-revenues analysis
was performed in order to check the investment
economic sustainability.

Cost-revenues type economic analysis was chosen,
because it considers cash revenues only, ignoring other
kinds of benefit such as image return, legal disputes
missed costs ecc. These benefits, even though generate
revenue, require strong hypotheses to perform their
monetization, so it was decided to consider them in a
next study step i.e. the cost-benefits analysis.

The economic analysis was carried out through 6
spreadsheets development. One of them is a general
data and information collecting about the case study
Hospital, one is related to project development costs
and process management costs, two are related to
revenues setting out, and finally, the last two are used to
process data and to show the analysis results.

Proceedings of the International Conference on Harbor Maritime and Multimodal Logistics M&S, 2012

ISBN 978-88-97999-11-9; Bruzzone, Gronalt, Merkuryev, Piera, Talley Eds.

135



3.1. General Data collection
As a first step, general data about the whole hospital
and Operative Units were collected in a worksheet
called “Context Data”, in order to have a detailed frame
of the case study. This kind of data were set as variable
parameters in order to check the analysis results trend
and to have the possibility to apply the computing
model to other healthcare facility contexts. For instance
receptive capacity data, medical and non-medical
personnel amount, all blood components transfusion
statistics, wastes statistics (due to over date and other
general causes) were collected. Part of this data were
directly provided by AOB Healthcare facility, while
remaining data were obtained by “Regione Sardegna”
official documents (Regione Autonoma della Sardegna
2008). Available Blood donation and blood components
assignation statistical data were related to Cagliari large
area, so they were treated and scaled in order to
estimate AOB Healthcare facility only data.
Furthermore, macro-process cycle times were
collected in the Context Data worksheet. They had been
extracted by a time and methods analysis which had
involved all Blood Transfusion center processes, and all
unit ward transfusion processes. All activities, regarding
both human actions and automatized processes
(automatic  screenings, blood units or samples
centrifugation etc.) were timed; recorded times which
referred to simultaneous performing of multiple cycles
or requests, were set out in unit time form.

3.2. Cost Computing
The second step consisted in cost computing, which was
carried out splitting plant costs and operating costs.

As for cost computing a market analysis was made,
and advice was sought from two of the most important
Italian suppliers and developers of RFID systems,
which also provided purchasing official estimates.

Costs computing was carried out referring to
eight distinct design scenarios. The use of two types of
RFID technology, HF 13.56 MHz and UHF 865-868
MHz, was hypothesized. Furthermore, since the
research project should be developed in the Hospital
following several steps, partial applicative scenarios
were considered. According to the “To Be Model”, First
level application and Second level application were
separately analyzed because they can be developed
independently and they have different and
complementary goals.

Each technology option was indeed studied both in
case of Transfusion Loop only (processes ranging from
patient accommodation to blood component
transfusion) and all blood chain processes (acceptance,
testing, treatment and storage of donated blood)
application.

The last distinction was related to the type of
tracked items: packed red blood cells (RBC) only (the
most used blood component in transfusion medicine),
and all blood components tracking were separately
studied.

Considering partial applicative scenarios will be
useful because, during experimental development phase
of the project, it provides economic framework by
showing minimum project expansion level that are
sufficient to achieve a positive return of the investment.

3.2.1. Plant Costs

Main plant costs were hardware and software
purchasing, network infrastructure adaptation or
realization, and personnel training about the new system
and new procedures. Plant costing was carried out
referring to two design scenarios: the use of two types
of RFID technology, i.e. HF 13.56 MHz and UHF 865-
868 MHz, was hypothesized. Total plant costs are quite
similar: UHF costs are about 1.5% higher than HF
costs; particularly Hardware costs are the only element
that differ, while software development and
infrastructure costs (for instance Wi-Fi network
deployment) were considered the same for the two
technologies.

3.3.  Operating Costs

Main operating costs were related to tag
purchasing. The difference between the plant cost
installation was almost limited, while UHF tags average
cost is about 30-40% lower than HF tag cost. This
difference greatly affects the technology choice.

In addition, maintenance costs related to
hardware, network infrastructure technology and
software were computed as operating costs.
Maintenance costs were calculated as a fraction (1% -
2%) of each item cost.

3.4. Revenues

Revenues directly obtained by plant using were all
intended as missed disbursement. They derive from two
main kind of improvements: productivity improvement
due to cycle time reduction, and quality improvement
due to wastes reduction and more efficient blood
inventory management.

3.4.1. Productivity

Economic benefits obtained by Transfusion
Service productivity improving were quantified as
follow.

For each macro-process, project-status cycle times
were estimated basing on the related flow chart and
activity forms. Then, differences between present-status
and project-status cycle times were computed. Both
positive and negative differences were obtained,
because re-engineering caused streamlining of some
process while integration of some others through
additional activities that aim to improve safety level.
Hospital staff pay scale were considered, and medium
salaries were converted in €/min; then economic
benefits for cycle (for instance a single blood unit
treated, or a single request treated etc.) were evaluated
and, considering the number of cycles per year, annual
economic benefits were computed. This analysis was
performed considering both Transfusion loop only
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application and all blood chain process application, and
considering separately RBC units only and all blood
components traceability. These scenarios differ in cycle
number.

Tablel. Economic benefits due to productivity
improving of Blood components assignation process.

Blood Assignation
Cycle Time | Benefits Benefits
Gain [min] | [€/Cycle] [€/year]
Physician 0.05 0.02 940.60
Nurses 0.25 0.06 2939.40
Lab 0.20 0.05 2351.50
Technicians
Auxiliaries 0.00 0.00 0.00

3.4.2. Quality

Then missed disbursement due to the expected
decreasing of discarded blood units were quantified.
This analysis step was carried out by distinguishing two
scenarios: packed red cells only tracking and all blood
components tracking.

Each blood component unit cost was obtained by
official documents (Regione Sicilia 2006) and they
were updated to year 2011 through appreciation
coefficient equal to 1.0974, according to the National
Institute for Statistics (ISTAT) official tables. Each
"saved" blood unit was also associated to a consumables
and disposable medical devices saving.

Due to the difficulty in precisely estimating waste
reduction, this was set as a parameter, and the range
between 3% and 4% was identified as possible variation
range.

4. DATA ELABORATION

The economic analysis main parameters were
summarized in both analytical and graphical form for
each technological and operational scenario, and they
were reported in two specific worksheets, the first one
related to first level application only, and the second
related to all blood chain processes application.

Partial cash flows were computed for each cost and
revenue worksheet, while total cash flows were reported
in data elaboration worksheets, considering a 25 year
investment horizon. The cash flows were updated
assuming a 5% discount rate, because using of pubblic
funds for project development was assumed.

Traditional financial indicators for investment
evaluation, such as Net Present Value (NPV) and Pay
Back Period (PBP) were then calculated and reported
both in analytic and graphic form.

Furthermore a differential analysis was performed
for each studied scenario, in order to compare HF and
UHF technology investments. UHF technology is
marked by plant cost higher than HF while operating
costs lower than HF, so differential analysis aims to
point out minimum periods for which UHF investment
would be more cost-effective than HF investment.

5. SENSITIVITY ANALYSIS

First study steps showed that process re-
engineering causes an overall slightly reduction of
process amount and process cycle times, caused by the
balance between process streamlining and integration
(Borelli et al. 2011). The influence of productivity
enhancement on positive cash flows is quite low: about
4.3% of total estimated annual revenues. Due to the
high unit cost of blood components, waste reduction is
the key parameter which substantially conditions
positive cash flows trend.

Due to the difficulty in precisely estimating annual
waste reduction related to project development, a
sensitivity analysis was carried out in order to monitor
the PBP trend to waste reduction variation within the
range limits (3-4%) (Figure 2).

Exact quantification of this parameter can be
obtained during the pilot plant testing phase in the
healthcare facility, through the process data collection
during a window period (at least six months). This data
may be screened and compared to the present economic
analysis, in order to provide an important decision
support in suitable technology choice.

The sensitivity analysis was performed referring to
the global extension scenario i.e. all blood chain
processes application and all blood components
tracking.
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12 = PBPUHF
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Figure 2. Sensitivity Analysis.
6. RESULTS

6.1. Global Application Scenario

Analysis results was performed by assuming waste
reduction parameter equal to 3%, i.e. the variation range
lower limit.

Analysis results show clearly that the investment is
economically sustainable in case of project global
application, i.e. including all blood components
traceability and all blood transfusion chain processes.

Furthermore analysis points out that among
operating costs, tag purchasing is still the most
important aspect for the project development. Cost
difference between UHF and HF technology, cause
significant PBP difference (about 13.8 years using HF
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tags, about 4.5 using UHF tags). This is also highlighted
by differential analysis.

6.2. Partial Application Scenario

As for partial application scenarios which were
analyzed, main results are the following.

In case of Transfusion loop only application, that is
a possible pilot plant opening configuration, cash flows
are always negative, so the investment is not justified
from a strictly financial point of view. Anyway, the
almost complete elimination of clinical risk related to
ABO incompatible transfusions, and the consequent
patients and staff safety increase, may generate benefits
that could be sufficient for the implementation.

The only partial application scenario where the
investment PBP is within time horizon (PBP=8.5 years),
is the case of all blood chain processes application for
RBC only traceability, using UHF technology.

6.3.  Sensitivity Analysis

Sensitivity analysis pointed out that the two PBP,
related to the different technology choices, are
comparable only if project implementation allows a
waste reduction higher than 3.5%. Assuming a 3.5%
waste reduction, PBP related to UHF system is about 3
years while PBP related to HF is slightly higher than 5
years.

In the optimistic case of 4% reduction, the two
measured PBP further approach, till they arrive at about
18 months mutual difference.

On the contrary assuming waste reduction values
below the 3.5% threshold, the payback time difference
between the two technologies increases dramatically:
UHF technology is rather more convenient.

Assuming a waste reduction equal to 3%, the PBP
relative difference is about 9 years (PBP related to UHF
is 4.5 years while PBP related to HF is 13.8 years).

7. CONCLUSIONS

In this paper, a cost-revenue economic analysis for
investment evaluation related to a RFID project in
Transfusion Medicine was performed.

Two main technology alternatives and several
applicative scenarios which range from a pilot plant
configuration to a project global development were
considered.

The study showed that economic benefits are
maximized if the project application is pervasive.
Therefore RFID system in the healthcare should not be
limited to transfusion traceability, but that should be a
start-up step, which should lead to platform
development in order to solve many hospital logistic
problems. In this way return on investment economic
parameters would be optimized, and the whole
Healthcare facility performances would be enhanced.

Economic and sensitivity analysis results pointed
out that UHF technology employment would ensure
profitable pay back periods, even if waste reduction
parameter, measured during experimental phase, would
be below the 3.5% critical threshold.

Currently only the use of ISO/IEC 18000-3 mode 1
13.56 MHz RFID tags has been accepted by the United
States FDA as supplemental data carriers on blood
products (Hohberger et al. 2011), so experimental tests
have to be performed in order to verify the possibility to
use also UHF systems in transfusion medicine, and
eventually to outline application guidelines.

Tests should verify two fundamental conditions.
First, the absence of acute adverse in-vitro effects on
blood components following prolonged exposure to
UHF radio energy; second, UHF systems reliability in
operative conditions.

The research team is currently also improving the
economic analysis by taking into account, in addition to
the current analysis revenues, benefits that are not
immediately cash convertible, anyway attributable as
project results. An economic conversion of non-
economic benefits analyzed within the Return on Safety
assessment, will allow new global financial indicators
defining; a new cost-benefits analysis based on these
indexes could provide a complete framework for project
evaluation.

REFERENCES

Ahrens, N., Pruss, A., Kiesewetter, H., et al., 2005.
“Failure of bedside ABO testing is still the most
common cause of incorrect blood transfusion in
the Barcode era”, Transfusion and Apheresis
Science, Vol. 33, pp. 25-29.

Borelli, G., Pilloni, M.T., Orru, P.F., Zedda, F., 2010.
Riduction of clinical risk in blood transfusion center
with an RFId system. Proceedings of  The
International Workshop on Applied Modelling &
Simulation, pp.218-223. May 5-7,2010 Rio de
Janeiro & Buzios, (Brazil).

Borelli, G., Orru, P. F., Pilloni, M. T., Zedda, F. 2011.
Using FMECA and KPI for RFID-enabled process
reengineering performance assessment. Proceedings
of the XVI Summer School “Francesco Turco”. Sept
14-16, Abano Thermae (Padova, Italy).

Chong, A.Y.L., Chan, F.T.S., 2012. Structural equation
modeling for multi-stage analysis on Radio
Frequency Identification (RFID) diffusion in the
health care industry. Expert Systems with
Applications, 39, 8645-8654.

Davis, R., Geiger, B., Gutierrez, A., Hohberger, C.,
Veeramani, D., and Holcombe, J., 2010. Absence of
acute adverse in-vitro effects on AS-1 RBCs and
whole blood—derived platelets following prolonged
exposure to 13.56 MHz radio energy. Journal of
Blood Services Management, 50, 1596-1603

De Sanctis Lucentini, E., Marconi, M., Bevilacqua, L.,
Bonini, P., Ciampalini S., Colicchia, A., Di Giulio,
P., Ferrari, A., 2004. Risk Management in Sanita
1l problema degli errori. Ministero della Salute.
Avaiable from:
http.//www.ministerosalute.it/imgs/C 17 pubblica
zioni_583_allegato.pdf. [Accessed 30 April 2012].

Goodnough, L.T., 2003. “Risks of blood transfusion”,
Critical Care Medicine, 31, S678-S686.

Proceedings of the International Conference on Harbor Maritime and Multimodal Logistics M&S, 2012

ISBN 978-88-97999-11-9; Bruzzone, Gronalt, Merkuryev, Piera, Talley Eds.

138



Hohberger, C., Davis, R., Briggs, L., Gutierrez, A.,
Veeramani, D., Holcombe, J., 2011. Applying radio-
frequency identification (RFID) technology in
transfusion Medicine. Biologicals, Pubblished
online first: 18 February 2011 doi:10.1016
/j.biologicals.2011.10.008

Istituto Superiore della Sanita. Centro Nazionale
Sangue. 11 Sistema Trasfusionale in Italia:
organizzazione nazionale, nuove politiche e
prospettive.

Orru, P.F., Borelli, G., Pilloni, M.T., Zedda, F., 2010.
RFID System Project for Enhancing Blood Supply
Chain Safety and Blood Transfusion Center
Productivity.  Proceedings of Apms 2010
International Conference Advances in Production
Management  Systems October 11-13, 2010
Cernobbio (Lake Como, Italy).

Regione Autonoma Della Sardegna, 2008. Piano
Regionale Sangue e Plasma per il triennio 2008-
2010. Allegato alla Delib. G. R. n. 46/1 del
3.9.2008.

Regione Sicilia, Assessorato Della Sanita 2004.
DECRETO 16 novembre 2004. Prezzo unitario di
cessione del sangue e degli emocomponenti.
Gazzetta Ufficiale Della Regione Siciliana, 51.
Avaiable from:
http://www.gurs.regione.sicilia.it/Gazzette/g04-
510/g04-510-p10.htm. [Accessed 15 June 2012].

Talone P., Russo G., 2006. RFID Tecnologie e
Applicazioni, White Paper.

Van der Togt, R., Bakker, P.JM., Jaspers, M.W.M.,
2011. Framework for performance and data quality
assessment of Radio Frequency IDentification
(RFID) systems in health care settings. Journal of
Biomedical Informatics, 44, 372-383A.

ACKNOWLEDGEMENTS

This paper was produced during the attendance at
University of Cagliari Mechanics Design PhD course,
a.a. 2011/2012 — cycle XXVI, with the support of a
scholarship funded from the financial resources of
P.O.R. SARDEGNA F.S.E. 2007-2013 — Opbiettivo
competitivita regionale e occupazione, Asse IV Capitale
umano, Linea di Attivita 1.3.1 “Finanziamento di corsi
di dottorato finalizzati alla formazione di capitale
umano altamente specializzato, in particolare per i
settori  dell'lCT, delle nanotecnologie e delle
biotecnologie, dell'energia e dello sviluppo sostenibile,
dell'agroalimentare e dei materiali tradizionali”.

AUTHORS BIOGRAPHY

Gianluca Borelli was born in Cagliari in 1967. Since
1997 he is Chief Engineer and Head of the Facility
Operations at Brotzu  Hospital in Cagliari. He
developed several Healthcare projects for Italian
Hospitals. He is member of the board of S.I.LA.LS.
(Societa Italiana dell’ Architettura e dell’Ingegneria per
la Sanita).

Pier Francesco Orru was born in Cagliari, May 5, 1973.
Since June 2006 he works as an Assistant Professor in
the Scientific Area "Industrial Plant Mechanics", at the
Mechanical Engineering Department, University of
Cagliari. The main research areas concern the
optimization of industrial processes, the design of
automated systems for the food industry and numerical
applications (FEA and CFD) in plants. In the
educational field he teaches the "Management of
logistics systems" course.

Francesco Zedda was born in Cagliari, October 29,
1983. He obtained Bachelor’s Degree in Biomedical
Engineering on February 2008 and Master Degree in
Mechanical Engineering on October 2010 at the
University of Cagliari (Italy). Nowadays he is attending
the second year of Mechanic Design PhD course at the
same University. His main research areas concern
Logistics and RFID application in Health care facilities.

Proceedings of the International Conference on Harbor Maritime and Multimodal Logistics M&S, 2012

ISBN 978-88-97999-11-9; Bruzzone, Gronalt, Merkuryev, Piera, Talley Eds.

139



