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Objectives: This paper presents a reference data model for blood bank management to control blood inventories considering
real-world uncertainties and constraints. It helps information systems identify blood product status for various critical deci-
sions (such as replenishment, assignment, and issuing) instantly. Additionally, some significant optimization concepts of the
inventory management literature for blood wastage and shortage reduction, such as clearance sale and substitution based on
medical priorities, are applied in the model. Methods: The proposed model was constructed by object-oriented and ICAM
(Integrated Computer Aided Manufacturing) definition ¢ (IDEF0) techniques for function modeling. Through semi-struc-
tured questionnaires and interviews, the research team elicited and classified user requirements. Then, the demand-centered
sub-processes and comprehensive functions were mapped to manage the process. Results: The model captures and integrates
the top-level features of the inventory system entities. It also provides insights into a developed data dictionary to understand
the system’s elements and attributes, where a data item fits in the structure, and what values it may contain. For designing the
system’s process and following-up data, the main relevant inputs are considered. Conclusions: A flexible and applicable de-
mand-centered framework for managing a typical blood bank’s inventory process was developed by focusing on user require-
ments. The proposed model can be applied to design and monitor inventory information and decision-support systems. The
model provides real-time iterative dynamic process insights. It can also provide the data needed for logistic planning systems
and the design of blood operational infrastructure.
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l. Introduction

The variation of demand, limited supply, and perishability
of blood products results in a high degree of uncertainty
and complexity in hemovigilance systems [1]. The effective
management of blood products in this segment of the blood
supply chain plays a crucial role in decreasing unneces-
sary costs, wastage, and shortages [2]. One of the primary
concerns of blood banks, as an essential part of the blood
transfusion chain, is identifying and separating the system’s
activities and components. Hence, user requirements should
be recognized to organize the resources and functions that
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must be applied in the system [3,4].

During the last decade, data follow-up has played a crucial
role in successful process improvement. It has aided the de-
livery of more effective and responsive services [5]. Process
modeling is a crucial aspect of designing information sys-
tems (ISs) [6,7]. It describes and identifies the sorts of pro-
cesses/sub-processes that should be targeted in implement-

[Is there any demand
for this inventory?]

thresholds been reached?]
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ing the system and what kind of data should be followed-up
[8-10]. Several studies have discussed healthcare processes
considering managerial problems [11-13]. However, few of
them have focused on developing blood management opti-
mization [4,14].

In this study, we conducted a process-oriented analysis of
blood bank inventory management systems. The main ob-

[Has the transshipment

Update expiration date,

dispose wastage and
count stock-on-hand

5 1
---+ Emergency !
! J

Send an alternative

< [Yes] < L
[No]
[No]
A4
Transship surplus
stock
[Yes]
[All demands satisfied?]
[Yes]
[No]

product request

Lost demand [«—[No]

[Is the any substitutable
inventory?]

[Yes] O

[No] X
[Has the physician asked

Shortage
for alternative supplies?]

[Yes]

Figure 1. Activity diagram of the overall process of the hospital blood bank inventory system.
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jective was to improve the existing procedures and integrate

them by proposing a reference process model as a practical

infrastructure for an IS and provide a context for decision 1

support system design. This study developed an applicable
demand-centered reference model framework. A data dic-
tionary was abstracted for designing the clinical information
system module considering user requirements by process
data modeling in a real case. The proposed model includes a
method that shows how the structure can be composed of a
repository of building blocks based on a real case.
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Figure 3. The main steps of the blood inventory management process at the hospital blood bank and their components.
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This investigation was based on a case study of a tertiary
referral cardiac hospital in Tehran City. The hospital is sub-
specialized in cardiac care and is one of the largest cardiac
hospitals in Asia. The hospital’s blood bank management
team is responsible for policy-making, planning, and order-
ing the inventory of blood products required by the hospi-
tal’s various departments for the central blood bank. The
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products under study are blood-derived products with ABO/
Rh blood group types.

The inventories have finite lifetimes with age-differentiated
demand. The system serves various hospital departments,
where storage space is limited.

The main challenge is to hold enough stock to prevent the
loss of life due to shortages with minimum expiration. De-
mands can be satisfied with the same or a substitutable blood
type using predefined assignment and issuance policies and
medical priority instructions. Shortages are not allowed and
are considered as losses. In emergency conditions, demands
can be satisfied through an expedited service. A clearance
sale occurs for any nearly outdated units that have not been
transfused at the end of each period to reduce the number of
wasted units.

2. Methods
The methodology applied in this research is organized into
the following three main steps:

« Identification, analysis, and representation of the blood
bank’s general inventory management process and depict-
ing its main components. The weaknesses of the current
system in meeting user requirements are identified in
this step. This step is conducted through observation and
interviewing of members involved in blood transfusion
at the central blood bank and the hospital blood bank. In
our case study, 10 participants were selected by sampling

HIR

to achieve representativeness or comparability through
the typical case sampling method [15];

Describing, separating, and organizing the activities and
sub-processes” elements. This step is conducted through
a partnership of the hemovigilance quality-improvement
working groups (consist of the selected blood bank staff,
nurses, and doctors). In our case study, for this purpose,
a semi-questionnaire was prepared to be answered by
the participants. The obtained data is analyzed by using
the ICAM (Integrated Computer Aided Manufacturing)
definition ¢ (IDEF0) technique [16,17]. The structured
analysis of the documents consists of the object’s type,
and explanation of its attributes and related methods are
conducted in this step;

Proposing an accessible object-oriented design for a typi-
cal blood bank’s inventory management process consider-
ing user requirements and information collected during
the previous steps. This step is conducted through object-
oriented programming [18] using unified modeling lan-
guage (UML) [19,20].

3. Results

The implementation results of each step described in the
previous section are reported below. A data dictionary was
developed to discover process data items.
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Blood Inventory Management Process Model
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Figure 5. Data flow diagram of the hospital blood bank inventory management system and the background of tracking of the process
into the demand-centered clinical data repository.

Table 1. Identification of the HBBIM-IS requirements

Aspect

Rules

Users
Functions

Resource documents

System actors specify the user category
Activities or sub-processes describe user functions

Resource documents consist of data units used to outline the resource materials and their attributes

HBBIM: blood bank inventory management process, IS: information system.

Table 2. Related attributes of the prescription step of blood transfusion deduced from the analysis of the process

Elements of process Entities Attributes Allowed values
Demand forecasting ~ Blood products  Blood type O+, 0-, A+, A-, ...
Age N=12,..,n
Product type Whole blood, platelet, RBC, ...
Quantity M=1,...,m
Applicant ID Initials of the department
Date of input System date
Time of input System time
Demand Status Planned: elective requisition-according to physician prescription,

Reason of
requisition

Substitution
priority

Date of input

Time of input

emergency, periodic repetition
Organ transplants, oncology patient, traumatology, elective sur-
gery, and more

Any suitable product, a preference for new products, no allowable
substitution, and more

System date

System time

RBC: red blood cell count.
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Table 3. Profile of the HBB inventory manager focusing on main related functions

HIR

Functions Entities Results Available guideline
Demand Requisitions Calculate current demand Approved requisition list
forecasting Demand history Analyze historical fluctuation and trend for emergency In case of emergency
conditions
Replenishment ~ Order plan Determine replenishment time and quantity Lead time, storage capacity
Priority Prioritize demands Physician prescription
Finalized order list Order new products for CBB Replenishment policy
Assigningand  Inventory Assign and issue age-differentiated demand Assigning and issuance
issuance (blood product unit) policy
Protection level Determine the optimal critical level for the youngest/ Critical (protection) level
strategic products to limit the amount of substitution policy
Substitution History of inventory Determine stock-out-based substitution Substitution guideline

(blood product unit)

HBB: hospital blood bank, CBB: central blood bank.
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1) Implementation results

(1) Identification, analyzing, and representation of the
general process: An overall activity diagram of the blood
bank inventory management process is presented in Figure 1.
Every object’s behavior connected with activity responses to
a series of events in the system is examined. The Structured
Analysis and Design Technique (SADT) “ICOM box” ex-
tracts the details of each activity. The blood bank system has
a dynamic interface with various kinds of events that change
the status of the system components.

(2) Describing, separating, and organizing the activi-
ties and sub-processes’ elements: As seen in Figure 2, the
already defined elements consist of the following analytic
quality items:

1. A set of activities at each step of inventory management
considering the processing time;

2. A set of agents involved with the system at each step;

3. A set of data (such as predicted requisition, an average
of planned surgeries per day, records of patients who are
consistently injected) to be retrieved from the history of
demands, orders, and inventory to present to the agents;

4. A set of parameters to be adjusted at each step;

Blood Inventory Management Process Model

5. A set of recommendations, notifications, and alarms to
be considered by the actors;

6. A set of data/documents generated throughout the sys-
tem, which should be exchanged, transferred, and con-
verted among the activities;

7. A set of activity indicators related to the parameters,
which should be calculated and perused to identify
trends and evaluate the system’s performance.

(3) Proposing an accessible object-oriented design: The
core of the blood bank inventory management process in-
cludes a sequence of six sub-processes (steps), which are
mapped in Figure 3. For instance, the details of a step of the
process consist of an activity’s components displayed by the
SADT “ICOM box” scheme as shown in Figure 4. The data
generated and exchanged follow the sequence, illustrated in
Figure 5, of the blood bank’s process steps. The actors’ roles
in fulfilling their responsibilities are described in detail.

The system’s requirements are identified through aspects of
the users, their function, and documents, as shown in Table
1. As seen in Figure 3, the appropriate indicators for various
blood inventory process steps are calculated from data stored
in the process steps. For instance, the characteristics of an
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Vol. 27 ® No.1 e January 2021

www.e-hir.org

79



Mahnaz Sohrabi et al

element of the process (i.e., demand forecasting) are detailed
in Table 2, including their entities, attributes, and allowance.

Regarding the involvement of the actors within the process,
the related functions of the users are defined. For instance,
the inventory manager’s profile is presented in Table 3. The
users’ actions are integrated through the implementation of
process steps. Figure 6 shows the dynamic IS actions chron-
ologically as well as the data components that are generated,
refined, modified, and exchanged within the system. A time
and process-oriented analysis of the actions’ purpose and the
merged process steps is provided.

2) Data dictionary

A data dictionary was developed from a top-level perspec-
tive to understand where a data item fits in the structure,
what values it may contain, and basically what its elements
and attributes are in real-world terms. Figure 7 illustrates an
abstract model of various entities and the characteristics of
their relationships within the process.

(1) Step element: This element is associated with sub-
processes and activities components and is extracted from
the SADT “ICOM box” scheme. It includes the interactions
between the process and the inputs and outputs that tie the
process’ activities together.

(2) Approach element: The plan-do-check-act (PDCA) cy-
cle and risk-based thinking push an organization to plan and
make up its processes and interactions. This element ensures
that the process is adequately resourced and managed, and
opportunities for improvement are determined and acted on
as well.

(3) Data element: The fundamental data structure in a data
processing system consists of the logical definitions of the
data units and the specific ranges of values discovered within
the system. This element describes the step element and
measures its related indicators and performance.

I1l. Discussion

Many studies have explored various aspects of techniques,
process-based questions, and case studies applied to health-
care process mining. In this regard, some process-based
approaches have been recently adapted for blood inventory
analysis [14,20]. The majority of the state-of-the-art process
models search for complete, so-called “start-to-end” process-
es. However, in highly dynamic and flexible settings, such as
the one this study addresses, they fail to achieve appropriate
results or appear to have limited effectiveness. This paper
adds basic knowledge for efficiently improving blood bank-
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ing quality and bridging existing models’ gaps by considering
user requirements and real-time iterative dynamic processes.
It is recommended to apply a compatible mathematical op-
timization model to the proposed model to provide optimal
decisions. The presented model is also beneficial for design-
ing the back-end of decision-support systems in practice.
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