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Abstract: This paper is framed in a project which aims to study innovative RFID-based management systems to 
optimize logistics in an Italian Blood Transfusion Centre. The paper is a summary of a PhD Thesis and it aims to 
describe and to compare two kinds of process analysis and reengineering that were performed in two main steps, the 
first one in 2010 and the second one in 2013. Analysis methodology envisage the analysis of processes by using 
several analytical tools: reports, flow charts, activity forms, Idef0 language. A Clinical Risk analysis was carried out, in 
order to highlight criticalities related to efficiency and effectiveness (patient safety), and to quantitatively classify 
them. Particularly, FMECA method was carried out. The analysis was followed by a RFID-based process re-
engineering. This step, which aimed to minimize the critical issues impact, led to the drafting of innovative design 
models. Key Performances Indicators (KPI) were designed and calculated for the studied models in order to validate 
and to compare them. In this paper, 2010 and 2013 analysis and synthesis are both described and compared, 
focusing on the 2013 project model. In particular, a performance analysis comparison between the 2010 and 2013 
project models was performed in order to highlight the influence of the technologic infrastructure status in RFID-
based process design. The paper also describes experimental tests of UHF RFID systems, which are not considered 
as the standard RFID system in blood transfusion applications. The paper also treats a critical feature of Sardinia 
Blood Transfusion Service: the optimization of logistic processes in the AOB Blood Transfusion Centre sub-
department which is dedicated to blood assignment for Thalassemia-affected patients. 
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1. Introduction 

The reduction of medical errors and improving of patient 
safety is one of the top-20 priority for national action in 
transforming healthcare quality (Hohberger et al., 2012). 
One of the most interesting intervention areas is 
represented by Transfusion medicine, because the 
processes involved are characterized by high complexity 
and the probability of human errors are the most serious 
transfusion risks. 

Recent international studies reveal that pre analytical and 
clinical errors, which include incorrect AB0 bedside 
testing and mistaken or missing patient identity check, 
represents about 80% of total adverse events (Ahrens, 
Pruss, et al. 2005). Particularly, “Acute Haemolytic 
Reaction” has deadly consequences in about 10% of cases 
(De Sanctis Lucentini, Marconi, et al. 2004). In the other 
hand, viral transmission has been reduced since the early 
’90, thanks to the introduction of compulsory tests based 

on sierology and Nucleic Acid Amplification Technique 
(NAT). Estimates of the risk per unit of blood in the post-
NAT era are approximately 1:1,900,000 for HIV and 
1:1,600,000 for HCV (Goodnough, 2003). 

The introduction of RFID (Radio Frequency 
Identification) technology in transfusion process, with the 
aim of improving the safety and quality of the processes 
involved, is nowadays under examination and it is the 
source of several application examples (Hohberger, Davis, 
et al. 2012; Sandler, Langberg, et al. 2006; Abarca, de la 
Fuente, et al. 2009; Van der Togt, Bakker, Jaspers 2011). 
Although there are several problems associated with the 
use of this tracking technology in the hospital 
environment, such as privacy issues, the assessment of the 
effects of electromagnetic fields on biological materials 
(blood, platelets, plasma, etc.) (Otin 2011; Uysal, 
Hohberger, et al. 2012; Wang Q.L, Wang X.W, et al. 2013) 
and the economic feasibility of its use (Borelli, Orrù, 
Zedda, 2012), the benefits achievable, especially in terms 
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of patients safety, encourage the adoption of RFID in this 
field. 

This paper, developed as a summary of a PhD Thesis 
(Zedda, 2014), describes the experiences developed at 
Blood Transfusion Centre (BTC) of Brotzu Hospital 
(AOB) and at “Thalassemia adult patients day hospital 
ward” of Microcitemico (MCT) Hospital in Cagliari 
(Sardinia Island, Italy). In the Blood Transfusion Centre 
are operated all standard transfusion processes: blood and 
platelet letting, therapeutic apheresis, blood-components 
separation, typing, analysis and assignment. The MCT 
Centre is responsible for Red Blood Cells transfusion of 
patients afflicted with Thalassemia major, which is 
responsible for the high Sardinian demand of blood 
components. 

 

2. Methodology 

The analysis of both processes, 2010 and 2013, has been 
carried out using FMECA (Failure Modes Effects and 
Criticalities Analysis) and KPI (Key Performance Indexes) 
Analysis. In order to do so, two main analysis tools were 
used: Flow Charts and Activity Forms. Flow chart is an 
algorithm graphical language. It allows to describe all 
process operations as a scheme, including both deep 
analysis charts and overall macro-process analysis charts. 
Then specific activity forms, which contains all the most 
important activity data, were filled for each activity of the 
process. 

FMECA is a clinical risk evaluation method that allows to 
put in evidence criticalities and process error sources, also 
to suggest suitable actions for process refinement. 
Potential error modes were considered for each activity, 
searching for causes and evaluating potential 
consequences about efficiency and effectiveness (patient 
safety). It was possible to pass from a qualitative to a 
quantitative analysis through the assignment of three 
numerical parameters related to Detection Possibility (D), 
Severity (S) and error Frequency (F) and consequently by 
defining a Risk Priority Index (RPI), see equation 1, that 
allows to classify errors by creating a bar chart set and by 
performing a variable threshold ABC analysis. 

     RPI=D∙S∙F     (1) 

KPI were designed in order to improve results analysis 
and to point out precisely and quantitatively process 
performance variation within As Is – To Be transition. 
Within this study KPI are used in order to evaluate “ex 
ante” the RFID project main goal achievement: Clinical 
risk reduction in Blood Chain Process. The following 
three index types were designed: Average RPI, i.e. 
Nonzero RPI Arithmetic Average calculated within the n 
activities of each macro-process; Number of Activities 
which form a macro-process; Peak RPI, i.e. the maximum 
RPI value within the macro-process. Key Performance 
Indexes values of both “As Is” and “To Be” models were 
computed, and their increase or decrease were expresses 
in percentage. 

 

3. Reverse Engineering (2010) 

In the first part of the study, carried on in 2010, a reverse 
engineering of present processes (As Is 2010) was 
performed, by means of visits and operator interviews in 
order to map processes, to define information and 
material flows and to analyse infrastructure and 
technology status. This part of the study involved the 
Blood Transfusion Centre (BTC) and two Operative 
Units: Transplant Unit and Brain Surgery Unit. In order to 
simplify the problem, the whole Blood Chain has been 
conceptually split into two sub-systems: the “Transfusion 
Loop”, that includes macro-processes from patient 
admission to blood component transfusion; the 
“Donation Loop”, that includes donation, validation and 
blood components storage. 

FMECA analysis of the present processes (As Is 2010) 
showed that the most critical activities are those related 
manual operations, such as: patient recognition 
(RPI=144); test tubes and blood bags labelling (RPI=144; 
RPI=135); copying donation data from Paper register to 
management software’s Data Base (RPI=84); infected (or 
unsuitable for transfusion) blood units registration and 
elimination (RPI=108). Generally, highest RPI values 
were measured in case of human errors, while low indexes 
were measured for adverse events related to 
instrumentation problems. 

In order to reduce criticalities and to improve patient 
safety, an RFID technology application has been designed. 
The use of passive tags, integrated in barcode labels, 
donors wristbands and cards has been hypothesized. The 
choice of 13.56 MHz frequency (HF Band) was 
determined by functional and electromagnetic 
compatibility considerations. The chosen frequency is 
world-wide compatibly allocated (Talone et al., 2006) and 
low power of Reader EMC fields do not cause biologic 
blood damage (Davis et al., 2010). In addition, the system 
is not affected by proximity of liquids during tag reading 
phase (Talone et al., 2006). Readers are both mobile and 
tunnel type. Mobile readers are based on PDA computers 
equipped with HF aerial. These devices enable BTC staff 
to perform tag reading and writing through simple contact 
with the reader. Tunnel RFID HF readers broadcast an 
electromagnetic field allowing three dimensional Tag 
scanning. Thanks to the use of anti-collision protocols, up 
to 50 tags concurrently can be read and recorded in BTC 
management software. 

The reengineered processes obtained (To Be 2010), via 
RFID technology implementation, was analysed through 
FMECA, similarly to the As Is ones. The results of the 
comparison between the KPIs of the two scenarios are 
shown in table 1. 

Most important result was pointed out for “Blood 
Component Request” Macro-process. RFID-enabled 
process allowed two goals achievement: average (-70%) 
and peak (-75%) RPI severe reduction for the whole 
Blood Chain macro-processes, supported by the activity 
number reduction (-30%). Operative procedures have 
been made both safer and more streamlined, so that a 
cycle time reduction is predictable. 
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Table 1.  KPI percentage variation: “As Is 2010” - “To 
Be 2010”. 

Macro Process 
Average 

RPI 
Activity 
Amount 

Peak 
RPI 

Blood request -73.2 -31.2 -75.0 

Blood Transfusion -67.4 +30.0 -55.6 

Whole blood donation -81.8 +100.0 -70.4 

Whole Blood check-in -77.3 +4.3 -62.5 

Blood components 
allocation 

-26.4 -33.3 -25.0 

Blood components 
check-out 

-63.7 +50.0 -33.3 

Total -67.6 -3.8 -60.2 

 

As for “Whole Blood Check-in” macro-process, average 
and peak RPI severe reduction (-77% and -62%) was 
obtained while no appreciable activities count percentage 
variations were observed (+4.3%). On the contrary, severe 
clinical risk reduction within Donation critical activity was 
obtained through the activity number doubling. 

As for “Blood Transfusion” critical macro-process, results 
were quite satisfactory: RPI reduction (-67% average RPI 
and -55% peak RPI) was obtained through a necessary 
activity weak integration (activity amount goes from 10 to 
13).  

“Whole blood check-in” and “Blood components 
allocation” macro-processes outcomes were less 
appreciable due to the weak changes imposed by RFID-
enabled processes. Nevertheless fair improvement were 
pointed out (about -25% average and peak RPI reduction, 
-33% number of activities reduction).  

RFID technology introduction and RFID-enabled process 
design was positively evaluated. The whole Blood Chain 
activity amount do not varies considerably from As-is to 
To-be models (-3.8%): procedures integration and 
streamlining are balanced. Clinical risk reduction is 
appreciable in every blood chain process, and achievement 
of the Healthcare Facility strategic goal through the RFID 
system project is expected.  

Considering FMECA-derived RPI as a random variable, 
both AS-IS and TO-BE RPI Normal distribution curves 
were plotted. The mean and variance values, and the 
variation range severe reduction were graphically pointed 
out. (Figure 1) 

 

 

Figure 1: Comparison between AS-IS 2010 and TO-BE 2010 
Normal Distribution of RPI values. 

 

4. Reverse Engineering (2013) 

In 2013, a second study was performed considering the 
Blood Transfusion Centre (BTC) of Brotzu Hospital 
(AOB), the “Thalassemia adult patients day hospital ward” 
of Thalassemia Hospital in Cagliari (MCT), and the 
“Cooley” BTC sub-department. This choice was made 
due to the high demand for the blood of these wards, 
approximately 25,000 units / year, which is necessary for 
the care of patients affected by Thalassemia Major, who 
require regular transfusions. Furthermore, this department 
has been considered as particularly suitable to the 
optimization of processes because it is characterized by 
scheduled workflows of only one blood component, 
about 80 units/day of Red Blood Cells. 

Similarly to the 2010 study, a reverse engineering of 
present processes was performed using the same tools 
(Flow Charts, Activity Forms) and the same analysis 
methods (FMECA, KPIs). Keeping the same analogy, the 
whole Blood Chain has been conceptually split into two 
sub-systems: the first one, called “Transfusion Loop”, 
includes macro-processes related to patient admission, 
blood component assignment and transfusion (Cooley; 
MCT Request; MCT Transfusion); the second “Donation 
Loop” includes process related to donation (Blood 
Donation), blood components separation, validation and 
storage (BTC). 

FMECA analysis of the current processes (As Is 2013) 
showed that blood transfusion (MCT Transfusion), 
although having the lowest activity amount (15), is the 
most “risky” of all, with an “Average RPI” of 114 vs. an 
average of 30-45 for the others activities of the Whole 
Blood Chain. Even in this case, FMECA analysis 
highlights that the most critical activities are related to 
logistical assets recognition and manual operations, such 
as: patient identification; pilot test tubes and blood bags 
labelling; copying donation data from hand written papers 
to database management software; etc. 
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Based on the results of the FMECA analysis, reengineered 
processes were developed to improve patient safety. 
Contrary to the 2010 reengineered processes, the UHF 
RFID technology was considered during the reengineering 
phase. UHF band in 865-868 MHz range, despite the fact 
that is not the currently standard approved by the FDA 
for transfusion medicine applications, is worldwide used 
for commercial logistic and it is characterized by several 
advantages compared to HF technology, such as: lower 
cost (Borelli, Orrù, Zedda, 2012), higher performance in 
terms of multiple reading and reading distances. 

FMECA analysis was performed on the process obtained 
(To Be 2013), the results of the comparison between the 
KPIs of the two processes are shown in table 2. 

 

Table 2.  KPI percentage variation: “As Is 2013” - 
“To Be 2013”. 

Macro Process 
Average 

RPI 
Activity 
Amount 

Peak 
RPI 

Donation -14.7 +6.3 0.0 

BTC 0.0 0.0 0.0 

Cooley -37.7 +6.7 -51.4 

MCT Request -62.6 +4.6 -75.0 

MCT Transfusion -84.6 +6.7 -87.7 

Total -58.8 +5.2 -33.3 

 

In the results obtained it is evident that the As Is - To Be 
transition provides a significant reduction in the level of 
risk associated with transfusion processes. In the whole 
process there is a reduction of almost 59% of the average 
level of risk ratings RPI, and a reduction of 33.3% of the 
peak values. These results are obtained encompassing a 
slightly increase in the number of activities performed by 
the operators (+5.2%). 

Considering separately every macro-process, it is possible 
to appreciate a slight reduction (-14.64%) of the average 
value of the RPI for the “Donation” procedure. In fact, 
this activity is basically unchanged compared to the state 
of fact, except for the introduction of certain procedures 
based on the use of the health card, resulting in a slight 
increase in the number of activities (-6.3%). No change in 
performance is relative to BTC ward, which is also 
essentially unchanged, except for the introduction of some 
RFID-based procedures that contribute to the reduction 
of some criticalities only on the efficiency of the 
processes. The most important results are expected for 
the pilot ward of Thalassemia hospital. MCT request and 
transfusion are affected by the larger reduction both of 
the Average RPI index (-62.6% and -84.6%) both of the 
peak value (-75% and -87.7%). In both cases the additions 
of procedures have resulted in a small increase in the 
number of activities (+4.5% and +6.7%). Significant 

results are also expected in the Cooley sub-department of 
the BTC. Again we see a reduction in the overall level of 
risk (-37.7%) of the average value of the RPI and -51.4% 
of the peak value, associated with a slight increase in the 
number of activities of the macro-process (+6.7%). 

 

5. Processes Comparison (2010 vs. 2013) 

Now, a comparison between the reengineered processes 
(To Be 2010 and  To Be 2013) is presented. The purpose 
of this comparison is to determine whether the project of 
an RFID solution based on a more advanced 
technological base (As Is 2013), such as a management 
system for the traceability of processes based on bar-code 
technology, could lead to more significant results from the 
safety point of view. However, this analysis must be 
carefully interpreted because the two models exhibit some 
differences, such as: RFID technology used (HF vs. 
UHF); technology base starting point; studied wards and 
heterogeneity of some processes (Neurosurgery for To Be 
2010, Cooley department for To Be 2013). 

While the two reengineered processes provide a clear 
reduction in the level of risk associated with transfusion 
processes, from the comparison of KPIs, summarized in 
table 3, it is evident that the To Be 2010 model is overall 
more efficient. The technological starting point of 2013 
model has imposed, during the reengineering phase, many 
technical and economic constraints that have resulted in 
an increasing level of Average RPI (+22.3%), if  compared 
to the 2010 model. Increasing values occur even for the 
other two parameters: Peak RPI increases about 50%; the 
number of activities increases about 18.6%. 

 

Table 3.  KPI percentage variation: “To Be 2010” - 
“To Be 2013”. 

Macro Process 
Average 

RPI 
Activity 
Amount 

Peak 
RPI 

Blood request -3.8 +4.5 0.0 

Blood Transfusion -16.9 +23.1 -72.2 

Whole blood donation +137.7 +6.3 +66.7 

Whole Blood check-in +106.6 -29.2 +100.0 

Blood components 
assignment 

-1.9 +77.8 +29.6 

Total +22.3 +18.6 +50.0 

 

The main causes of the behaviours highlighted by the 
analysis are detailed in the following paragraphs. 

The Donation and check-in phases of the 2013 process, 
compared to the status quo in which the tracking process 
was assigned to a semi-automated system, have been 
subject to very slight changes. The same phases of the To 
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Be 2010 model were heavily revised, because logistical 
assets traceability was based only on the use of paper 
records and on manual operations. Therefore the 
expected results, considering patients safety, appear to be 
oriented towards the 2010 model, completely RFID 
based, while the 2013 model is strongly influenced by the 
high levels of automation and integration required by the 
current state. The substantial change of such system 
would be also problematic from an economic point of 
view. 

The considerable increase in the number of activities in 
the process of “assignment” (+77.8%) is due to the  
number of additional operations required for the 
treatment of blood to be transfused to patients afflicted 
with Thalassemia. Therefore, this index (Activity Amount) 
shall not be considered as a negative performance of the 
model, because it is strictly correlated to the considered 
ward. 

The great difference of “Peak RPI” indicator in Blood 
Transfusion (-72.2%) is located in the greater importance 
of monitoring the blood bags temperature within the 
Neurosurgery ward. Particularly, while blood transfusions 
for Thalassemia patients are scheduled with fixed times, in 
the other wards the blood units assigned could be stored 
in areas without temperature control, exceeding thus the 
compulsory tolerance range. Despite this, no system for 
temperature control has been designed for the 2010 
model. 

 

6. Experimental Tests 

Using the semi-anechoic chamber of the Department of 
Electrical and Electronic Engineering (DIEE) of the 
University of Cagliari, several experimental tests were 
performed in order to evaluate in advance the applicability 
of UHF-RFID systems in the transfusion process. This 
tests are very important because of several attenuation 
phenomena that could occur due to the presence of 
absorbing liquids, causing the deterioration of the 
performance of the RFID system. 

All tests were carried out according to the procedures 
prescribed by ISO/IEC 18046-1, which is the reference 
for testing the performance of RFID systems 
(International Standard, 2011). Among the various tests 
considered by ISO/IEC 18046-1, the following ones were 
selected: Operating Range Identification/reading; 
Working Volume of identification/reading; Number of 
tags identified within a population. All tests were 
performed with monitored environmental conditions: 
23±3 °C air temperature; relative air humidity between 
30% and 60%. 

6.1 TEST 1: Operating Range Identification 

With this first test we were able to determinate the 
operating range of identification and reading, which 
coincides with the maximum reading distance of a tag. 
The test procedure requires that the antenna of the reader 
and the tag must be placed in the best possible 

configuration (best coupling configuration). The reader's 
antenna is kept fixed on a test table and the tag is moved 
towards it.  

The results showed a decay in reading distances, 
confirming previous data from literature, due to the 
presence of the water contained in the blood bags. A great 
variability in the measurements was also detected, due to 
the need to maintain an optimal orientation between the 
tag and the antenna of the reader. Despite that, the 
reduction of the operating range detected is not likely to 
affect the functionality of the RFID system considered, 
particularly in reading distances as those used for the 
reengineered transfusion process (about 20 to 30 cm). 

6.2 TEST 2: Operating Identification Volume 

The second test is able to determine the operating volume 
of reading  a tag placed in front of the antenna of the 
reader. Similarly to the previous case, antenna and tag 
must be placed in accordance with the best possible 
mutual orientation and the antenna of the reader must be 
kept fixed on the table of the test, while the tag should not 
be bound. The operating volume of reading, resulting 
from the test, is compatible with the intended use, being 
sufficiently extended to allow, in the most burdensome 
case of use, the reading of the various blood bags 
contained in a cooler. 

6.3 TEST 3: Number of tags within a population 

The third test was designed to establish the capability of 
the reader to identify a population of tags placed inside 
the operational reading volume, determined by the 
previous test. The selected RFID tags should be placed on 
the test bench in such a way as to be within the 
operational volume and can be arranged according to 
specific patterns or in a similar manner to the intended 
conditions of use. Once a reader command has been sent, 
the time required to identify 80%, 90% and 100% of the 
tags is registered via a stopwatch. In case it is not possible 
to identify at least 80% of these tags, the highest 
percentage of identification obtained and the time taken is 
registered. This experimental test has allowed to evaluate 
the percentage of correctly identified blood bags in a 
multiple read, considering different configurations for the 
arrangement of the antennas. The higher percentages of 
reading have been obtained with tags arranged according 
to ranked schemes. In this way, each blood bag maintains 
a mutual position, with respect to the antenna of the 
reader, as close as possible to the best coupling 
configuration, identified in the first test (Operating Range 
Identification). 

 

7. Conclusions 

In this paper a study with RFID-based management 
systems to optimize logistics in an Italian Blood 
Transfusion Centre was presented. Through the use of 
FMECA methodology and comparative analysis of some 
performance indices (KPIs), two transfusion processes 
have been studied: the first one, relative to the year 2010, 
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considers the activities carried out in the Blood 
Transfusion Centre (BTC) and in two departments, 
Transplant Unit and Brain Surgery Unit, of the Hospital 
Brotzu in Cagliari; the second on, carried out in 2013, is 
about the processes of the Cooley sub-department of 
BTC and “Thalassemia adult patients day hospital ward” 
of Thalassemia Hospital in Cagliari (MCT). In both 
models analysed, called “AS-IS”, the activities related to 
manual operations, such as: patient recognition; test tubes 
and blood bags labelling, have been identified as the most 
critical for patients safety. 

With the aim of improving the transfusion process, both 
in terms of security and effectiveness, a reengineering of 
processes, via the use of RFID technology, has been 
studied. The results obtained, adopted in “TO-BE” 
scenarios, were analysed using the FMECA methodology 
and calculation of KPIs. Both reengineered processes 
showed a significant improvement of the process 
performance. In the first case (To Be 2010), a reduction of 
Average RPI of about 67.6% is expected, a Peak RPI 
decreasing of about 60.2% and an Activity Amount 
decreasing of about 3.8%. For the second process, To Be 
2013, similar results are obtained: Average RPI decreases 
of about 58.8%, Peak RPI decreases of about 33.3%, 
while the Activity Amount increases slightly to 5.2%. The 
difference between these two processes, 22% with respect 
to average values, is mainly to be found from the 
difference in the starting processes (AS-IS), and on the 
different operations required on blood components, 
necessary to meet the needs of patients suffering from 
Thalassemia Major. 

Finally, with the aim to verify the applicability of the 
technology in the hospital wards, various experimental 
tests were conducted in a semi-anechoic chamber. 
Following the instructions of the ISO / IEC 18046-1, the 
following experiments were carried on: Operating Range 
Identification/reading; Working Volume of 
identification/reading; Number of tags Identified within a 
population. These tests allowed us to determine the 
potential and limitations of RFID technology in the UHF 
band (865-868 MHz) in terms of identification of reading 
distance and the ability to acquire simultaneously all data 
contained in the tags applied to main logistical assets, such 
as pilot test tubes and blood bags. 
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