
















Chapter 1 



1.1 Introduction 

This report discusses the vital need for having a centralized blood bank in the 

Kingdom of Saudi Arabia (KSA). This chapter is the continuation of last semester's 

project report with some changes in the objectives. This chapter will also define the 

problem statement, research objectives, research scope, research methodology and 

tools, and will also include a research outline which will introduce all the chapters 

briefly. 

1. 2 Problem Statement

1.2.1 Phase I 

It was found that the rate of accidents - or road accidents to be more specific 

is very high in the Kingdom of Saudi Arabia. In cases of severe casualties, blood 

transfusion is required. It is often needed to save lives of the injured after a dangerous 

accident, a serious operation, or during a complicated child-birth. Sometimes at 

certain hospitals blood groups are not found, or are very rare while other blood groups 

are easily available through blood banks or donors if they are available. If blood is not 

available on need that is needed to be given to the patient at risk, his/her life can be in 

danger. The patient can even die if blood transfusion if required is not done on time. 

Therefore, an organized and efficient communication channel should be established 

for hospitals so that exchanging information about the rare/needed blood groups 

becomes possible. 

1.2.2 Phase II 

It was found out that here in the Kingdom there are authorities and 

organizations that are trying their best to link the blood banks like the WRTMG. 

Also, a presentation by Dr. Mohammed 0. Zayed, "Toward Blood Bank 

Centralization in the KS.A", was found that revealed the fact that there is a great 

need for establishing a centralized blood bank in the kingdom and an on-going effort 

to have this dream come true was seen. Therefore, we decided that we should try to 

associate with the WRTMG coordinator, Mr.Abdullah Al-Asri, who can help us 

design a functional system that would fulfill our problem statement that was 

mentioned in Phase II and also help the WRTMG to achieve their goal. 
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1.3 Research Objectives 

Often at times, blood banks have a particular blood group in abundance and 

would either discard it away or bring it to use by giving it to the other hospitals that 

don't have that blood group. So, in order to prevent wastage of blood that is in 

abundance with one blood bank, we would like to find a way to link blood banks at 

different hospitals and to provide them with a means to communicate with each other. 

Therefore, in cases where one hospital doesn't have a particular blood group, it can 

ask for that blood group from other blood banks at other hospitals in advance. This 

means of communication can be achieved by storing the information corresponding to 

each blood bank in a database and allowing users to view it through a web-based 

application. 

As a suggestion, for communicating purposes, the blood banks can rely on a 

messaging system that would make the communication process efficient and easier. 

During risks or dangers, "time" is the crucial element to think about. So in order to 

make use of time and save lives of those at risk, we want to study the system( s) at the 

blood banks and if there is any way of linking them to other blood banks and also to 

find and suggest a possible messaging system to the hospitals/blood banks. The 

messaging system should be capable of alerting staff at the blood banks about the 

availability and deficiency of blood groups at the hospitals. 

The aim of the study was to develop a communication channel among different 

hospitals until the research team visited some hospitals. It was found that some 

hospitals are still running their blood banks manually. Therefore, the main objectives 

were changed to the following: 

• Study/ Analyze the existing work flow for some blood banks in an

attempt to understand it and enhance it.

• Developed Process models and Data Flow Diagrams (DFDs). These

were validated by the users.

• Automate/Computerize the Inventory Control System to some

candidate hospitals. This might involve some process redesign. The

system will make the blood bank function more efficiently.

• Develop an online system so that the hospitals can connect and

exchange orders when needed, or suggest technical solutions

(alternatives) for efficient communication.
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• Standardize the blood ordering process among the cooperating

hospitals by standardizing the form that would be used during the

ordering process.

1.4 Research Scope 

Initially, the focus of the project was on governmental hospitals. But, after 

contacting some hospitals it was found that some private hospitals should be included; 

because contacting the governmental hospitals was a supposed to be very formal, that 

matter took a great deal of time. It is vital for the project to be conducted in an 

environment that allows the project team to study their blood banks closely, facilitate 

information collection, and support suggested ideas. 

1.5 Research Methodology 

The first task was to search and study available resources on blood bank 

systems and messaging systems for hospitals. These tasks led to useful resources. 

Along with this to fulfill the project scope there was a need of getting in contact with 

different hospitals that would help the project participants in their project objectives. 

After these tasks have been accomplished, the other following tasks of the project will 

be identified to fulfill the objectives mentioned earlier. The project will follow the 

System Development Life Cycle (SDLC) approach. The SDLC includes seven stages 

which are as follows: 

1. Identify User Requirements

2. Data Collection

3. Systems Analysis

4. System Design

5. Programming

6. Testing

7. Evaluation

The research took the following approach: 

• Collect information from available books, manuals, handbooks, and

internet resources in order to have some background about hospitals,

laboratories and blood banks.

• Identify system requirements through observation, interviews, and

literature review.
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• Develop database design (ER diagram), screens, prototypes, and data

flow diagrams (DFDs).

Some of the hardware requirements were to be able to use good, high capacity, and 

fast hardware platform along with their appropriate operating systems were needed 

for the completion of this project. A Compaq Presario-2500 laptop with Windows 

2000 professional was used, laptops are excellent compatibles. The lab computers 

were needed too. 

Some of the softwares used were as follows: 

• MS-Word 2000 Professional for documenting the work

• MS-Power Point 2000 Professional to show our finding to the

external agents

• MS-Access 2000 Professional to build the inventory control

and databases

• MS-Visio to chart Data Flow Diagrams

• Visible Analyst to draw Data Flow Diagrams and Define Data

Dictionary

• MS-Oracle to build databases for the website development

project

• ASP.net for creating the website interface

As students of Information Systems & Computer Science who by now have 

knowledge on business and technical aspects, we determined the roles that we will 

play to make this project work. Determining clear roles for ourselves helped us to be 

focused and to satisfy the project objective. We took the roles of: 

1. Facilitators who initiates positive change in the enterprise and

facilitates the understanding between the business workers and the

technical workers. We tried to facilitate in decision making if we were

given the chance. We also related business to technology for

automating the routine tasks as much a possible

2. Problem solvers who spots undesired situations, new directives or good

opportunities and sort them out for the good of the hospitals.

3. Communication channels among the different arties who are involved

in the project. We were also a communication channel between the

cooperating hospitals.
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4. Project designers who draws current physical data flow diagrams and

new physical data flow diagrams for the use of project manager and

builders. These models will be the backbone on which the IT

department of the cooperating hospitals can build on the enhanced

information systems for their blood banks.

5. Project builders who develop some databases for the use of the blood

banks. Along with this a website was developed for the WRTMG for

communication and exchange of information online.

Whatever the nature of the organization might be, collecting the right data is the 

key to put together an appropriate information system that really satisfies that needs 

of the organization. For our project, various data collection techniques were used in 

order to gather the needed data, the methods included: 

1. Short unstructured interviews. This is suitable for mangers and

supervisors; because they have many responsibilities and can not give

long times for additional tasks.

2. Observation in conjunction with investigation. This is suitable for the

workers who do the daily work.

3. Unstructured questionnaires. This is suitable for unclear processes and

any side activities that are hard to be observed.

4. In recent years with the advancement in the technology, the facilities of

E-mails and Online Resources have also lent a helping hand in data

collection process.

1.6 Report Outline 

This report is divided into six chapters. Chapter one includes the introduction to the 

research. This includes the problem statement, research objectives, research 

methodology and tools and the research outline. Chapter two consists of the literature 

review that supports this research. Chapter three discusses in detail the research 

results regarding the reason for creation of the Data Flow Diagrams for both the 

Bughsan hospital as well as KFSH&RC. Chapter four will discuss in detail the 

development of the Blood Bank Information System. Chapter five will include in 

detail the website development for the WRTMG. Chapter six is the conclusion(s) and 

recommendation(s). The conclusion(s) will focus on the research findings in brief 

whereas the recommendation(s) will focus on the future work. 
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Chapter 2 



2.1 Introduction 

The literature review provides guidelines that enable the completion of the project. 

During the first semester extensive literature review was conducted which included 

research areas like inventory and inventory control, messaging systems, blood bank 

information systems. Also, the standardization bodies such as AABB, FDA, CAP and 

ISO were reviewed [l]. Several topics were studied such as Blood Bank 

Centralization, Inventory Control, User Interface Design, Data Flow Diagrams, and 

Database Design so on. The reasons for studying the literature review were mainly to 

tackle the issues that were faced during the project development. 

2.2 Toward Blood Bank Centralization in the K.S.A 

The presentation by Dr. Mohammed 0. Zayed 1
, "Toward Blood Bank Centralization 

in the KS.A", was found on the WRTMG website, that revealed the fact that there is 

a great need for establishing a centralized blood bank in the kingdom and an on-going 

effort to have this dream come true was seen. 

The presentation stated that the Blood Bank directorate will present a new 

centralization proposal for blood Transfusion services. Difficulties and obstacles for 

blood bank centralization in KSA will be identified and possible solutions will be 

suggested. Assistant Deputy Ministry of Laboratories and Blood Banks have been 

adopting centralization policy since 1413H because it is stated in the presentation that 

the experience of centralization in U.S.A. and Europe achieved success in upgrading 

the quality of services and decreasing costs. 

Goals and Obiectives: 

(1) B.B. Centralization will improve the Quality of Services for the Following

Elements: 

(2) Maintain or Increase the Quantity of Blood Products:

(3) Expand the Scope of Blood Transfusion Services:

(4) Proper Utilization of Transfusion Medicine Expertise:

(5) Maximum Use of Financial Resources:

1 Consultant in Transfusion Medicine, Blood Bank Directorate, Deputy Ministry of Lab and B. B., 
M. 0. H., K. S. A.
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2.2.1 Leading Experiences in the Blood Bank Centralization 

• Puget Sound Blood Center Seattle, WA USA

1. Organization:

• One central Blood Bank

• Seven satellite blood collection centers

2. Service:

3. Distance: Radius of75 km

4. Transportation: local taxicab network

5. Turnaround time: 90 minutes

6. Volume of annual transfusions:

7. Obvious Benefits:

1. Increased staff competence and confidence due to high

volume testing.

2. Increased safety and adequacy of blood supply:

a. Immediate access to patient transfusion history.

b. Reduction of unnecessary transfusion by adoption of centralized

guidelines for transfusion practice and continuous monitoring of

transfusion.

c. Proper management to blood transfusion services.

3. Cost savings:

a. Wholesale purchasing

b. Batch testing

c. A void unnecessary testing

Some of the other examples that were cited in the presentation were as follows: 

• Pittsburgh Central Blood Bank PA., USA

Centralization Benefits:

1. Annual financial saving of 15 - 20%

2. 28 - 61 % staff reduction due to:

a. Automation

b. Batching of manual testing

c. Electronic cross matching

3. Blood Product savings; 40% due to:

a. Inventory management.
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b. Moving un-transfused processed components to higher

utilization sites

• Tampa Bay Region Centralized Compatibility Testing FL, USA

Centralization Benefits:

a. Product savings: by continuous utilization monitoring.

b. Decrease C:T ratio 2 to 1.3

c. Save 30% of cost due to electronic cross matching.

d. Ability to conduct training program for:

• 4 pathology residents I year.

• 4 SBB students/year

• Medical technology students for 6 week program.

• Obstacles: Transportation.

Dr.Zayed also mentioned the present status and the future plan. 

I-PRESENT STATUS

(A) Field visit to M.O.H. blood banks in most of the Health regions by the members

of the blood bank directorate revealed certain facts: 

1- Lack of blood bank expertise.

2- Lack of practical procedure manual in most of

the B.B.

3- All blood banks are committed to T.T.D. testing.

4- Lack of some equipment.

5- Improper blood component preparation.

6- Improper blood component utilization.

7- Lack ofQ.C procedures in some blood banks.

8- Lack of utilization ofHemapheresis Machines.

9- Lack of records and documentation to blood donors and Blood

Transfusion adverse reactions.

I 0- Lack of continuing education and training programs. 

(B) He also showed several statistics of the recent survey to all blood banks in KS.A.

about blood transfusion services during the last 4 years (1420 - 1423H) that revealed 

the following activities: 
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1- Number of total blood donors increased by 6. 7% from the year 1420H to

1423H. 

2-Number of voluntary blood donors increased by 9.5% during the same period.

3-Blood component preparation: mainly in central and Main B.B.

4- Blood component utilization:

a. 5- Improper utilization of Hemapheresis Machines in M.O.H. blood

banks,

6- Lack of records and documentation to blood donor and blood transfusion adverse

reactions. 

7- All M.O.H. blood banks are committed to all T.T.D markers testing according to

M.O.H. and AABB regulations.

8- Very limited number of Non M.O.H. blood banks does not screen blood donors

for the following T.T.D. markers: 

a. AntiHBC

b. Anti HBS

c. Anti HTL V I/II

d. HIV P24 Antigen

e. Malaria

9- Improper inventory planning, average of 7. 7% of the whole blood supply got

expired. 

(1) The new proposal for Blood bank Centralization in the KS.A. will classify blood

banks to four categories: (5) Regional, (19) Central Blood Banks, (46) Satellite Blood 

Collection Centers and (101) Peripheral Blood Banks. 

(2) This classification depends on the information gathered from:

a- 1413H Survey regarding distances and locations of blood banks.

b-Field visits reports by the members of:

• National Advisory Committee of Transfusion Medicine.

• Blood Bank Directorate.

• KFSH & RC. Outreach Program.

c-Recent Survey this year 1424H Regarding blood bank activities.
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The conclusion stated in the presentation highlighted that the Blood Bank 
Centralization in the K.S.A. will help Blood Transfusion Services in the following 
Areas: 

1- Donor Recruitment Programs and complete elimination of remunerated

hemapheresis blood donors. 

2- Proper utilization of the limited available blood bank expertise.

3- Continuous quality management applications.

4- Transfusion transmitted adverse reactions containment.

5- Proper utilization of Hemapheresis procedures in blood products collection and

therapeutic applications. 

6- Inventory Planning.

7- Upgrading Services.

8- Decreasing Costs.

New proposal of blood bank centralization in K.S.A. as an organization process for 

upgrading quality and development of blood transfusion services can be achieved. 

Suggested solutions to the identified difficulties and obstacles will help m 

implementation of this process. Ministry of Health evaluation and approval of 

centralization proposal 1s very important for further financial and regulatory 

proceedings. [2] 

2.3 Inventory and Inventory Control 

2.3.1 Inventory 

There are several definitions of "Inventory" that are listed below for a clear 
understanding. 

The definition given by the Encarta for Inventory is: 

"Quantity of goods and materials on hand. A manufacturer's inventory 

represents those items that are ready and available for sale" [3] 

The definition listed by the Merriam Webster's Dictionary is as follows: 

• "An itemized list of current assets: as (1): a catalog of the property of
an individual or estate (2): a list of goods on hand

• A survey of natural resources
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-

• The quantity of goods or materials on hand: STOCK

• The act or process of taking an inventory"[4]

The definition listed by the Encyclopedia Britannica is as follows: 

"In business, any item of property held in stock by a firm, including finished 

goods held for sale, goods in the process of production, raw materials, and goods that 

will be consumed in the process of producing goods to be sold. Inventories appear on 

a company's balance sheet as an asset."[5] 

2.3.2 Inventory Control 

Now, after describing what inventory means, let us discuss what inventory 

control means. Inventory control is concerned with minimizing the total cost of 

inventory. "The three main factors in Inventory control decision making process are: 

• The cost of holding the stock ( e.g., based on the interest

rate).

• The cost of placing an order (e.g., for raw material

stocks) or the set-up cost of production.

• The cost of shortage, i.e., what is lost if the stock is

insufficient to meet all demand.

The third element is the most difficult to measure and is often handled by 

establishing a "service level" policy, e. g, certain percentage of demand will be met 

from stock without delay."[6] Inventory control can be understood as "the part of 

warehouse operations that keeps track of what is on hand and ensures adequate 

supplies of products in stock at all times; the receiving, storing, handling, and 

counting of all resources, partly finished goods, and finished goods. "[7] 

2.3.3 Inventory control methods 

Several methods for controlling the stock ,to provide an efficient system for 

deciding what , when and how much to order have been designed. One may select for 

any one of the methods or opt for a mix if one has various types of stock. Let us look 

at some of the methods that are used for inventory control: 
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• Minimum stock level - one should try to identify a minimum stock

level, and re-order when stock reaches that level. This is known as the

Re-order Level (ROL).

• Stock review - one has a regular reviews of stock. At every review

one places an order to return stocks to a maximum level.

• Just In Time (IlT) - this aims to reduce costs by cutting stock to a

minimum . Items are delivered when they are needed and used

immediately. There is a risk of running out of stock, so one needs to be

confident that the supplier can deliver.

2.3.4 Inventory control systems - keeping track manually 

There are several inventory control systems. Stocktaking involves making an 

inventory - list - of stock, and noting its location and value. Codes, including 

barcodes, can make the whole process much easier but it can still be quite time

consuming. "Any Inventory control system must enable you to: 

• track stock levels

• make orders

• issue stock"[8]

The "stock book", is the simplest manual system that suits small businesses that have 

few stock items. It enables one to keep a log of stock received and stock issued. 

Another technique is the "re-order system". For e.g: the two-bin system works by 

having two containers of stock items. When one is empty, it's time to start using the 

second bin and order more stock to fill up the empty one. For more complex systems, 

one can use the "stock cards". Each type of stock has an associated card, with 

information such as: 

• description
• value
• location
• re-order levels (if this method is used) quantities and lead times
• supplier details

• information about past stock history
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More sophisticated manual systems incorporate coding to classify items. Codes 

might indicate the value of the stock, its location and which batch it is from which 

is useful for quality control. 

2.3.5 Inventory control systems - keeping track using computer software 

Systems that run on similar principles to manual ones, are Computerized 

Inventory Control Systems that are more flexible and information is easier to retrieve. 

One can quickly get a stock valuation or find out how well a particular item of stock 

is moving. A computerised system is a good option for businesses dealing with many 

different types of stock. Other useful features include: 

• Stock and pricing data working alongside accounting and invoicing systems.

All the systems draw on the same set of data, so you only have to input the

data once. Sales Order Processing (SOP) and Purchase Order Processing

(POP) can be integrated in the system so that stock balances and statistics are

automatically updated as orders are processed.

• Automatic stock monitoring, triggering orders when the re-order level 1s

reached.

• Automatic batch control if you produce goods in batches.

• Identifying the cheapest and fastest suppliers.

• Bar coding systems which speed up processing and recording. The software

will print and read bar codes from your computer.

The system will be efficient as long as the data is put into it. No data = No

Computerized Inventory Control System (CICS). It's always better to run a thorough 

stocktake before the system goes live to ensure accurate figures. 

2.3.6 Inventory control administration 

There are many administrative tasks associated with Inventory control. Depending 

on the size and complexity of ones business, they may be done as part of an 

administrator's duties, or by a dedicated Inventory controller. Typical paperwork to 

be processed includes: 

• delivery and supplier notes for incoming goods

• purchase orders, receipts and credit notes

• returns notes
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• requisitions and issue notes for outgoing goods

Stock can tie up a large portion of ones business capital, so accurate information 

about stock levels and values is essential for ones company's accounting. 

Figures should be checked systematically, either through a regular audit of stock -

stocktaking - or an ongoing programme of checking stock - rolling stocktake. 

If the figures don't add up, one needs to investigate as there could be stock security 

problems or a failure in the system. 

2.3. 7 Control the quality of your stock 

A vital aspect of Inventory control is the Quality- especially as it may affect 

the safety of the customers. Efficient Inventory control should incorporate stock 

track ing and batch tracking. This means being able to trace a particular item 

backwards or forwards from source to finished product, and identifying the other 

items in its batch. Goods are checked systematically for quality, faults identified and 

the affected batch weeded out, enabling you to demonstrate the safety of your 

product. With a good computerised Inventory control system, this kind of tracking is 

relatively straightforward. Manual Inventory control methods can also use codes to 

systematise tracking and make it easier to trace particular batches. "The British 

Standards Institution (BSI) has a scheme to certify businesses that have achieved a 

certain standard of quality management. Achieving the standard is one way of 

showing customers and regulators that you take quality control seriously. The details 

vary according to the particular business sector. For some industries, it is a legal 

requirem ent to be certified" [8] 

2.3.8 Safety stock 

Safety stock provides protection against running out of stock during the time it 

takes to replenish inventory. Let us see examine the reasons why this is concept is 

necessary. 

• Demand is a prediction based on past history, trend

factor(s), and/or known future usage of a product. The

item's actual usage will probably be more or less than

this quantity. Safety stock is needed for those occasions

when actual usage exceeds forecasted demand. It is
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"insurance" to help ensure that you can fulfill customer 

requests for a product during the time necessary to 

replenish inventory. 

• The anticipated lead time is also a prediction, usually

based on the lead times from the last several stock

receipts. Sometimes the actual lead time will be greater

than what was projected. Safety stock provides

protection from stock outs when the time it takes to

receive a replenishment shipment exceeds the projected

lead time.

2.4 Database Design 

Databases are usually classified as shared resources. Many programs will use the 

database. The databases should be designed for future adaptability as well. They 

should be capable of handling the future requirements and expansions. "The designer 

must also analyze how programs will access the data in order to improve 

performance." (9] Record size and storage volume requirements are other issues that 

are addressed while designing databases. The designer should pay special attention to 

the database security as the databases are shared resources and accessed by different 

users. The database designer must ensure that the database security is assigned and 

should also include disaster recovery techniques, in case data is lost or destroyed. 

"The database administrator may participate (or complete) the database design." The 

system builders build a prototype of the database when asked to do so. "A database 

schema is the structural model for a database. It is a picture or map of the records and 

relationships to be implemented by the database." (9] 

2.5 Interface Design 

"User interface design is concerned with the dialogue between a user and the 

computer. It is concerned with everything from starting the system or logging into the 

system to the eventual presentation of desired outputs and inputs."[9] The system 

users can be divided into two categories: expert or novice. An experienced computer 

user who spends considerable time using specific application program is called expert 

user. On the other hand, the less experienced computer user is who will use computer 

less frequent, or even on occasional basis. Some times most of them time of the 
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novice user is spent on learning the application and how it functions. User interfaces 

are usually designed using prototypes2
. There are several human factors that cause 

people to have difficulty with interfaces such as excessive use of computer jargon, 

inability to distinguish between alternative actions ("what do I do next?"), design 

inconsistency and so on. "Galitz offers the following overriding "commandments" of 

user interface design: 

• Understand your users and their tasks.

• Involve the users in interface design

• Test the system on actual users

• Practice iterative design".[9]

With regards to the computer terminology used in a computer dialogue, the following 

guidelines may prove helpful: 

• Don't use computer jargon

• Avoid most abbreviation

• Use simple terms

• Be consistent in your use of terminology

• Carefully phrase instructions- use appropriate action verbs

There are three iterative user interface design steps: 

1. Chart the user interface dialogue

2. Prototype the dialogue and user interface

3. Obtain user feedback

4. If necessary, return to step 1 or 2.

2.5.1 Special Considerations for User Interface Design 

In addition to the creation of the user interface, there are certain special considerations 

for the user interface design. "How will the users be authenticated or authorized to the 

use of system? Are there any security or privacy considerations to be accommodated 

in the user interface? Finally, how will users get help via the user interface?" [9]. 

Therefore, when designing the user interfaces, internal controls and online help are 

some special considerations that should go into user interface design. 

For the purpose of authentication, a user ID and a password are required from the user 

to 'log-on' to the system (see figure 2). For authorization needs, the user's access and 

2 A modern engineering-based approach to design. It is an iterative process involving a close 
relationship between the designer and the users. 
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can also help in improving organizational integration. GIS help in organizational 

integration but also helps in making better decisions as well. The common saying in 

the information-oriented world "better information leads to better decision" is very 

true in GIS and also in other areas of Information systems. A GIS, however, is not an 

automated decision making system but a tool to query, analyze, and map data in 

support of the decision making process. 

With the adoption of feasible technology and proper business procedures an enterprise 

can successfully operate. Blood Banks are a part of hospitals which are in tum part of 

the Health Industry. In the health industry Geographic Information System (GIS) has 

proven to be the most beneficial software. It has saved health organizations millions 

of dollars and has compelled other health organizations and centre to realize the 

capabilities of GIS. Also, a growing number of healthcare and pharmaceutical 

businesses are using GIS to assess market potential, develop marketing campaigns 

and identify the best possible locations for manufacturing facilities. 

Today, GIS is a multi-billion dollar industry that has employed hundreds of thousands 

of people world-wide. GIS is taught in schools, universities and colleges throughout 

the world. Professionals in every field are coming to realize and acknowledge the 

capabilities of GIS and how knowing geography actually helps in thinking and 

working geographically. [10] 

2.6.1 GIS Applications in Health Industry 

Why GIS in health services and hospital management? Everyday healthcare providers 

ask questions such as: Where is the disease coming from? How will it spread? Where 

is the nearest hospital? What is fastest route for the ambulance? Where should we 

allocate our funding? Therefore, to answer these questions one needs GIS. Health 

professionals do need GIS whether they need to conduct blood analysis research in 

Kenya or to construct new hospitals in Germany to visualize and analyze geographic 

elements in every branch of health management. With a functional and successful GIS 

health organizations, insurance providers, epidemiologists, researchers etc can: 

• Track the spread of infectious and environmentally caused diseases

• Site new hospitals and clinics based on demand and demographic

factors

• Monitor toxic spills to protect the health of nearby residents

• Map demand for future nursing home facilities
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• Market pharmaceuticals

The applications of GIS can be seen m different branches of health care and 

management. For e.g.: 

• An epidemiologist maps the progress of disease, famines, toxic spills

and other health disasters.

• Health care facilities surveys determine how a specific type of facility

currently exist in an area, find the best locations for new ones and

determine how many to open.

• Public health organization ( e.g. center for disease control) uses GIS to

study how disease spreads from place to place and to study how toxic

substances affect people's health. Public health uses of GIS also

include tracking child immunizations.

• Health planners use GIS to assess how well patients are served by

doctors and staff at any site and whether they have to drive too far to

get there or is it nearby and anticipate demand for any particular

service.

• Business managers use GIS to evaluate prospective sites for hospital or

outpatient clinics and inform sales team which physicians are likely to

try a new drug or services, and send health services to people's homes

by the most efficient route.

• Insurance companies make use of GIS by making sure their clients are

within reasonable distances of the services they need by looking into

the data warehouse containing demographic data, geographic attributes

of specific disease and treatment.

• Large health organizations and their departments use GIS by

integrating all health and medical data to visualize data and make

decisions accordingly. For e.g. if one is unaware of the causes and how

to prevent breast cancer in an area, but they think it might be related to

some chemicals used in industry, agriculture and household products,

they can infiltrate private wells and public sources of water when the

chemical seeps into groundwater to check if the cause of cancer is the

unhealthy water or is there some other cause that can be studied further

to prevent cancer.
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• A classic example can be seen in the year 1854; an English physician,

John Snow, provided the classes example of how mapping can be used

in epidemiological research. In Soho district in London, outbreak of

cholera caused a large number of deaths. This problem was tackled by

the use of GIS by mapping locations of water pumps and the homes of

people who died of cholera. Dr. John Snow showed that one pump was

causing most of the disease and later that pump was removed and the

cholera cases dropped dramatically. [10]

2.6.2 Examples of GIS Applications in Health Care 

In this section we will look how GIS was used in different fields of health care and 

how it can used in future for a wide range of purposes to facilitate the task of health 

management. 

2.6.2.1 Hereditary Blood Disease Tracked with GIS in Konya 

In Turkey there are approximately 1,300,000 human carries of Thalassemia and 4000 

patients. It is hereditary blood disease often found in Mediterranean countries. The 

disease is said to be passed from the mother and the father to their children and affects 

the children's genes. It is expensive to cure, but it can be prevented. Therefore, 

counseling has been given in Konya Centrum which is a city in central Turkey and its 

provinces to newly married couples, married couples expecting a child and persons 

who have or have had thalassemia disease in their families. In order to track the 

disease and its carriers a GIS was needed. Developing a database for GIS is the most 

important step for any GIS. ArcView was used to determine geographic locations of 

the disease. Data was collected and a GIS map for thalassemia disease was prepared 

using information technology and ArcView. The map displays places where the 

disease occurs and the growth rate of the disease helps medical professionals track 

patients. With GIS it makes the information accurate and reliable. Analysis of the 

disease are made by examining the demographic information such as population and 

the locations where the thalassemia patients are and it was found that Konya Centrum 

has the most thalassemia patients and the highest rate of disease. The Sarayonu, 

Eregli, and Derbent-Huyuk districts have the highest incidences of the disease. "Using 

health records in a GIS makes it easier for health professional to determine locations 

of high risk. GIS can help users understand the causes of thalassemia disease, track its 
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spread and detennine at what rate it occurs. Then steps can be taken to prevent the 

disease".[10] 

.7C rner 

Cemer is pioneering health care automation. Cemer solutions combine technology 

with knowledge to deliver vital data for effective, real-time decision-making across 

the enterprise. For more than 20 years, Cemer Corporation has been a visionary leader 

in providing information management systems designed to improve health care. A 

global company, Cemer's clinical and financial applications enhance the managerial 

efficiency and clinical effectiveness of health care delivery worldwide. 

By implementing Cerner Millennium solutions, health care organizations and 

providers can achieve essential strides in ensuring patient safety. Cerner Millennium

makes for enormous gains in efficiency in the clinical setting through the automation 

of countless procedures and processes. This automation serves to reduce risk and 

variability in the delivery of health care. And it provides caregivers with immediate 

access to lifetime medical records at the point of care. 

Today, Cemer solutions are helping improve health care delivery at more than 1,500 

client sites around the world, including integrated health organizations and delivery 

systems, community hospitals, ambulatory clinics, medical practices, management 

service organizations, blood banks, reference labs and home health organizations. 

Cemer has been active outside of the United States for 17 years, having a direct 

presence in Europe, Asia/Pacific, the Middle East and Canada. [ 11] 

Currently, Cemer is the system used in the King Faisal Specialist Hospital and 

Research Center. 

Case study 1: 

Queensland Hospital Becomes Smarter With Cerner Systems 

KANSAS CITY, Mo. and NEW SOUTH WALES, Australia - October 21, 2002 - The 

Wesley Hospital in Brisbane has just made a bold claim as becoming the smartest 

hospital in the state. This health system will become the most advanced care network 

in Australia through the implementation of a new information technology system 

from Cemer Corporation. These computer systems automate patient records, 
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administrative and financial processes that will save lives, time and money. This a 

major step for Queensland toward complying with the Smart State: Health 2020 

initiative to improve health care. 

The Wesley Hospital and Cerner Corporation signed an agreement making the 

Wesley Hospital Cerner's first client reference site in Australia. This initiative will 

reduce medical error and improve workflow for caregivers in Queensland. The 

Wesley and Cemer already have a close working relationship, collaborating over the 

past few years implementing a Cerner Millennium™ hospital system. Cerner 

Corporation is a global company that automates the processes and practices of health 

care with its software and services. Wesley Hospital is located in Brisbane and is the 

largest private hospital in Queensland, with 430 beds and a staff of 1,500. 

The Wesley has become the most technologically advanced hospital in Australia by 

implementing the Cerner Millennium electronic patient record and clinical 

administrative system. The Wesley chose Cerner Millennium because it supports all 

hospital functions on a single, unified architecture that connects all points of care 

within a health system. 

The new agreement establishes the Wesley Hospital as Cerner's first showcase site in 

Australia and one of only two in the Asia Pacific region. Cerner and the Wesley will 

demonstrate the hospital's technological innovation to health care organizations 

around the world. Queensland State Development Minister, the Honorable Tom 

Barton, as well as other government officials were at the Wesley hospital on Tuesday, 

8 October to launch the new reference site. 

Doug Krebs, president of Cerner global, said the global reference site agreement 

provides a showcase for Cerner Millennium and the Wesley Hospital for the Asia 

Pacific region. "This provides the opportunity for hospitals and health care 

practitioners from all over the world to travel to Queensland to experience first hand 

their progress toward total automation of the patient medical record." 

The project represents a significant step toward complying with the smart health 

initiative for Queensland, in line with the Queensland government's smart health 

policies. In June 2001, the Queensland government commissioned the Smart State: 

Health 2020 report as a 20-year strategic vision and implementation plan for 
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improving Queensland's health care. This report recommends information technology 

as a major impetus for improving delivery of care, patient safety and clinician 

workflow. Queensland's agreement with Cerner will jump-start its compliance with 

the smart state initiative. 

The issue of patient safety is ubiquitous in the health care industry globally. About 

50,000 people annually are left permanently disabled and 18,000 people die each year 

in Australia alone due to medical error. These mistakes cost the nation more than $5 

billion annually. Major health care systems throughout the world are solving these 

costly and dangerous problems with information technology. 

An example of how information technology can reduce error is through recognizing a 

patient drug allergy. With electronic medical records, a patient's entire medical history 

is readily available at the clinician's fingertips. Computerized physician order entry 

(CPOE) also eliminates many problems caused by illegible handwriting and drug 

interactions. It also alerts caregivers to industry best practices to consistently deliver 

the safest care possible. 

Jim Flynt, managing director of Cerner Asia Pacific has seen the benefit of 

information technology to patients and doctors alike. "Knowledge-based systems 

mean that the latest medical information, research and drug information is woven into 

the system to allow the physician to make more informed decisions about a patient. It 

also notifies clinicians of drug interactions and allergies. If a doctor tries to prescribe 

penicillin to a patient that happens to be allergic to penicillin, then the physician will 

immediately be alerted to prescribe an alternate drug," said Flynt. 

Krebs has also seen first hand throughout the world how computer systems can 

transform a health care system. "It is truly remarkable how much time, money and 

space is saved in a hospital or clinic by eliminating the paper- based medical 

record. "[12] 

2.8 Hematos IIG 

The Hematos IIG system is supplied by the French company Medinfo and is designed 

to provide all of the functions needed to run a blood centre, including the diagnostic 

laboratories. It is currently installed in many centers in Europe and earlier versions 

have been used in France for more than 20 years. Hematos IIG is highly configurable 
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so that many of the changes which require extensive and expensive re-programming 

of existing systems can be achieved by simply updating or amending system settings. 

[13) 

The supervisor of the Donor Room informed the team that due to these features of 

Hematos, KFSH&RC will be soon implementing Hematos IIG in their Blood Bank 

during this year. 
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Chapter 3 

King Faisal Specialist Hospital and 

Research Center (KFSH&RC) 

and 

Bugshan Hospital Blood Bank "Work Flow 



3.1 Introduction 

What is a Data Flow Diagram? Data Flow Diagrams (DFD's) are defined as "The 

process of identifying, modeling and documenting how data moves around an 

information system. Data flow modeling examines processes (activities that transform 

data from one form to another), data stores (the holding areas for data), external 

entities (what sends data into a system or receives data from a system, and data flows 

(routes by which data can flow). Data flow modeling also is called data flow 

diagramming." [ 14] 

Why do we need DFD's? DFD's are of two categories. They are logical and physical. 

DFD's are a system analysis tool for modeling the logical (meaning 'non-technical') 

business requirements of an information system. DFD's can also be used to model the 

physical (meaning 'technical') business requirements. "In other words, physical 

DFD's serve as a technical blueprint for system construction and implementation" [9] 

Gane, Sarson and DeMarco conceived the physical DFD's as a part of a formal 

software engineering methodology called structured analysis and design. DFD' s are a 

useful tool for modeling old systems as well as the new systems. With the use of 

DFD's the handling of logical and physical problems becomes easier. 

Data Flow Diagramming is a means of representing a system at any level of detail 

with a graphic network of symbols showing data flows, data stores, data processes, 

and data sources/destinations. 

Therefore, in order to understand the work of Blood Banks, two hospitals; King Faisal 

Specialist Hospital & Research Center (KFSH&RC) and Bugshan Hospital were 

targeted. 

3.2 Data Flow Diagram Description 

Data Flow Diagrams are composed of the four basic symbols. (see Figure 1.) 

"The External Entity symbol represents sources of data to the system or destinations 
of data from the system. 

The Data Flow symbol represents movement of data. 

The Data Store symbol represents data that is not moving (delayed data at rest). 
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The Process symbol represents an activity that transforms or manipulates the data 
( combines, reorders, converts, etc.). 

Any system can be represented at any level of detail by these four symbols. 

Figure 1: Basic symbols of DFD's 

3.2.1 External Entities: 

1. Are named with appropriate name

D
External Entity 

----)-. Data Flow 

I I Data Store 

0 Process 

2. Can be duplicated, one or more times, on the diagram to avoid line

crossing

3. Determine the system boundary. They are external to the system being

studied. They are often beyond the area of influence of the developer.

4. Can represent another system or subsystem

5. Go on margins/edges of data flow diagram

3.2.2 Data Flows: 

1. Are represented with a line with an arrowhead on one end. A fork in a

data flow means that the same data goes to two separate destinations.

The same data coming from several locations can also be joined.

2. Should only represent data, not control

3. Are ALWAYS named. Name is not to include the word "data".

4. Are referenced by a combination of the identifiers of the constructs

that the data flow connects. (14-A references a data flow from process

14 to external entity A)
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3.2.3 Data Stores: 

I. Are generic for physical files (index cards, desk drawers, magnetic

disk, magnetic tape, shirt pocket, human memory, etc.)

2. Are named with an appropriate name, not to include the word "file",

and numbered with a number preceded with a capital letter D

3. Can be duplicated, one or more times, to avoid line crossing.

4. Can show two or more systems that share a data store. This is done by

adding a solid stripe on the left boundary. (Figure 5.34) This can occur

in the case of one system updating the data store, while the other

system only accesses the data. For ex ample, the data store could be a

freight rate book that one system builds and maintains, but is used by

the represented system.

5. Are detailed in the data dictionary or with data description diagrams.

3.2.4 Processes: 

I. Show data transformation or change. Data coming into a process must

be "worked on" or transformed in some way. Thus, all processes must

have inputs and outputs. In some (rare) cases, data inputs or outputs

will only be shown at more detailed levels of the diagrams. Each

process in always "running" and ready to accept data

2. Are represented by a rounded comer rectangle

3. Are named with one carefully chosen verb and an object of the verb.

There is no subject. Name is not to include the word "process". Each

process should represent one function or action. If there is an "and" in

the name, you likely have more than one function (and process).

4. Have physical location shown only for existing physical systems or a

physical design is being represented.

5. Are numbered within the diagram as convenient. Levels of detail are

shown by decimal notation. For example, top level process would be

Process 14, next level of detail Processes 14.1-14.4, and next level

with Processes 14.3.1-14.3.6.

6. Should generally move from top to bottom and left to right.
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3.2.5 Procedure: 

The procedure for producing a data flow diagram is to: 

I. Identify and list external entities providing inputs/receiving outputs

from system;

2. Identify and list inputs from/outputs to external entities;

3. Create a context diagram with system at center and external entities

sending and receiving data flows;

4. Identify the business functions included within the system boundary;

5. Identify the data connections between business functions;

6. Confirm through personal contact sent data is received and vice-versa;

7. Trace and record what happens to each of the data flows entering the

system ( data movement, data storage, data transformation/processing)

8. Attempt to connect any diagram segments into a rough draft;

9. Verify all data flows have a source and destination;

IO. Verify data coming out of a data store goes in; 

11. Redraw to simplify--ponder and question result;

12. Review with "informed";

13. Explode and repeat above steps as needed." [15]

3.3 Charting the Data Flow Dia2;rams 

To draw DFD's the analyst has to understand in depth the work flow and business 

processes of an organisation. Knowing how the data moves and what processes 

require what data is essential. The DFD' s sometimes lead to Business Process 

Redesign (BPR). The analyst tries to collect as much as information as possible to 

chart the DFD's that would enable him/her to understand the workflow. Data is 

collected from various sources such as an organization's documents and records, 

through interview with personnel, observation and monitoring. After the data is 

collected the DFD's are charted using MS-Visio or Visible Analyst or any other case 

tools. The CASE tool chosen to draw the D o·s for both the hospitals was MS-Visi 

Only the context-level diagram was drawn by the Visible Analyst as lack of time and 

training limited the team member to draw DFD' s using Visible Analyst. 
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student records. If this data dictionary was compared with a data flow diagram, it will 

be shown as a data flow from one process to another or to a data store. 

Student Record= Enrolment Number + Name + Address + Gender + Major 

There are certain definitions that apply to attributes to distinguish and show elements 

that occur once or that are repeated, required, or optional. For that to appear, there are 

three operations used to specify the order in which data elements combine to form 

data structure [ 16] 

• A sequence of group of data attributes occur one after another (AND)

Example: Employee Address = PO Box + Zip Code+ City 

• The selection of one or more attributes from a set of attributes (OR)

Example: Employee Address = [PO Box + Zip Code+ City] 

• Optional attributes are either filled or without any values

Example: employee Address = (PO Box+ Zip Code + City) 

• The repetition of one or more attributes; can have two addresses

Example: Employee Address = 1 {PO Box + Zip code + City} 2 
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This will go in Appendix A 

3.5 Current Physical process Description for Bugshan Hospital 

1. Receive an inside request

1.1 Receive a request 

The Bugshan BB will receive a paper form within the hospital from a Doctor who will 

request blood for a patient. The form might be sent by a nurse to the BB and received 

by the Lab-tech. 

Input: Paper form: Request for Blood 

Output: Approved: Approved request form 

1.2 Cross Match Requested Blood 

The lab-tech will cross-match the donor blood group with the blood of the patient. If 

the groups match then the blood will be released to the nurse for the patient. 

Input: paper form and blood sample: Patient Blood group details OR patients blood 

sample along with the donor's blood sample and details 

Output: paper form: Cross-matched blood details 

1.3 Release Blood 

After the blood of the donor and the patient is cross-matched, the lab-tech stores the 

details ofthis transaction in a record book manually. 

Input: paper form: cross-matched details 

Output: blood unit bag: Requested blood for the patient 

1.4 Search for Donor 

If the donor blood does not cross match with the patient's blood group then a new 

donor blood unit will be searched inside the BB (inside the BB refrigerator) by the 

lab-tech. 

Input: paper form: donor records from donor record book 

Output: paper form: selected donor's 
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2. Receive an individual request

2.1 Receive a request 

The Bugshan BB will receive a paper form from an individual who will request blood 

for a patient. The form will be received by the Lab-tech in the BB. 

Input: Paper form: Request for Blood 

Output: Approved: Approved request form 

2.2 Check Blood Availability 

The lab-tech will after receiving the individual request for blood for the patient, will 

manually check the blood availability inside the BB refrigerator. 

Input: manual check: Lab-tech manually checks the blood units for the requested 

group which are in the BB refrigerator. 

Output: manual observation: The availability of number of blood units for the 

requested blood group. 

2.3 Cross match blood group of patient and donor 

After the manual checking of the availability of the blood group and blood units for 

that group, the lab-tech will cross match the blood group ONLY if the blood sample is 

provided by the individual requestor. 

Input: test tube: blood unit sample 

Output: paper form: cross-matched details 

2.4 Release Blood 

After the manual checking of the blood unit the lab-tech will release the blood and if 

the blood sample is brought in by the individual and cross-matched and results in 

approval then the blood will be release to the individual after he makes the payment 

before the blood is released to him. All the details of the transaction are stored upon 

release in the records books manually by the lab-tech. 

Input paper form: approved release details 

Output paper form and blood unit bag: the individual will receive the blood unit in a 
bag and the details of the blood released. (Invoice) 
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2.5 Deny Request 

The blood request to the individual will be denied if the blood availability is negative 

and/or if the cross-matched blood results in a negative cross-match. 

Input: paper form and/or manual observation: manually observed blood unit 

availability and/or rejected cross matched blood details 

Output: Oral: The non-availability of the blood unit and/or negative cross-match 

details will be told orally by the lab-tech to the requestor. 

3. Receive an outside request

3.1 Receive a request 

The Bugshan BB will receive a form from an individual who will request blood for a 

hospital. The form will be received by the Lab-tech in the BB. 

Input: Paper form: Request for Blood 

Output: Approved: Approved request form 

3.2 Check Blood Ava ilability 

The lab-tech will after receiving the individual request for blood for the patient, will 

manually check the blood availability inside the BB refrigerator. 

Input: manual check: Lab-tech manually checks the blood units for the requested 

group which are in the BB refrigerator. 

Output: manual observation: The availability of number of blood units for the 

requested blood group. 

3.3 Release Blood 

After the manual checking of the blood unit the lab-tech will release the blood to the 

individual after he makes the payment before the blood is released to him for the 

hospital. . All the details of the transaction are stored upon release in the record books 

manually by the lab-tech 

Input: paper form: approved release details 

Output: paper form and blood unit bag: the individual will receive the blood unit in a 
bag and the details of the blood released. (Invoice) 
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3.4 Deny Request 

The blood request to the individual will be denied if the blood is unavailable. 

Input: manual observation: manually observed blood unit availability. 

Output: Oral: The non-availability of the blood unit details will be orally told to the 

requestor. 

4. Contact Donor

The lab-tech will contact the donor when there is a shortage of blood units meaning 

below safety stock trigger. The shortage of blood will be acknowledged by the lab

tech through manual observation and checking of the BB refrigerator. 

4.1 Specify Donor 

When the shortage of blood unit (below safety stock trigger) is noticed by the lab

tech, the lab tech will try to search for donors whose blood is needed. 

Input: paper form and manual observation: manually observed blood unit shortage 

and donor list 

Output: paper form: selected donor records 

4.2 Contact Donors 

After the lab-tech has selected or specified the donors to be contact, the lab-tech will 

contact the donor and ask them to come and donate blood. 

Input: oral: lab-tech will contact the donor via phone or fax to know if they can come 

and donate. 

Output: paper form: available donor information 

4.3 Examine Donor 

After the donor is contacted and he/she is ready to come and donate blood to the BB, 

the details of this donor are passed on to the doctor in the ER who will examine the 

donor physically. 

Input: paper form and manual check: donor details that will be sent to the dr. and he 
will then manually check the donor for vital signs 

Output: paper form: approved donor details. 
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4.4 Screen Donor's blood 

After the dr. in the ER checks the donor physically for vital signs, a blood sample will 

be collected for screening. If the screening is approved than the donor is put to bleed 

and the blood is collected. However, if the screening results in unapproved results 

then a new donor will be contacted until the right donor is found. 

Input: paper form and test tube blood sample: the form will contain the approved 

donor information and then the lab-tech will take a sample of the blood for screening 

before bleeding the donor. 

Output: paper form: negative or positive screening results 

4.5 Bleed Donor 

After the blood sample is screened by the lab-tech, and if the results of the screening 

are negative then the blood is taken from the donor. 

Input: paper form and blood unit bag: the form will contain the results of the 

screening which turned out to be negative and the bag which will collect the blood 

from the donor when he/she is put to bleed. 

Output: paper form and blood unit bag: the form will contain the details of the blood 

collected from the donor and the bag will contain the collected blood. 

Entity Description 

Inside Requester: It is the doctor who will request blood for the patient. A request 

form will be send by him through the nurse who will give the request to the lab-tech 

in the Blood Bank 

Outside Requester: It is the hospitals who will request blood when they are having 

shortage. A request form will be send by the hospital through by an individual who 

will give the request to the lab-tech in the Blood Bank 

Individual Requester: An individual can request blood for the patient (his family or 

relatives who need blood). A request form will be send by a family member to the 

nurse who will give the request to the Blood Bank 

Donors: The blood bank can contact and request the donors to come and donate the 

blood. 
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Hospitals: The Bugshan BB can contact and request other hospitals for the blood. 

Data Stores 

Record Books: 

These are record books with fields. There are four records books used in the Bugshan 

Blood bank. 

1. 

BB FFP/Platelet Releasing Record Book = Patient name + Lab# + Patient Blood 

group+ Donor Blood group+ Blood bag serial #+Expiry date+ Doctor+ Ward+ 

Released Date+ Released Time+ Released By (Technician)+ Received By (nurse)+ 

Remarks ( FFP or Platelet)+ [Date of Receiving] + [Taking Blood] 

2. 

Whole Blood Releasing Reference = Released for (patient name) + Patient Blood 

group+ [Ward] + [Room] +Lab#+ Hospital#+ Doctor+ Signature nurse+ Donor 

name + Donor Address + Donor Blood group + Donor Screen # + Quantity + 

Collection Date + Collection Time + Expiry Date + Released By (technician) + 

Received By (nurse)+ Releasing Date+ Releasing Time 

3. 

Donors Register Record Book= Donor Name+ Donor Age+ Donor Telephone #+ 

Donor Screen # + Screening Date 

4. 

Blood Bank Cross Matching Record Book = Patient name + Patient Blood group + 

Lab#+ BH# (lab#)+ Doctor+ Signature (nurse)+ Date 

Data Flow 

Ao example is the donor contact list which will have the following details 

Donor list = Donor Name + Donor Age + Donor Telephone # + Donor Screen # + 

Screening Date 
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Conclusion s 

For any p roject to be successful, a business analyst needs to develop a comprehensive 

understanding of the system and the underlying architecture of the already used 

technology or work procedures in the venture. If there are any missing links in the 

analysis phase then they will certainly appear in the design phase. It is said that more 

t han ninety-percent of the system design errors evolve from the lack of proper 

analysis and user requirements. Therefore, it was essential to understand the workflow 

in the Blood Banks and chart the information with the help of DFD's that would be 

the specification for the design phase. 

It has been noticed that the medical industry just like other industries is growing at a 

rapid pace and so is technology. The integration of technology with any industry 

proves to be beneficial to a great extent where it allows for: automated procedures for 

sto rage and handling of information, faster information/data retrieval, Security and 

access controls etc. One cannot expect to be in the hall of fame overnight. It requires 

great minds put together, hard work and dedication and a desire for achievement. 

Bugshan hospital is one of the many private hospitals that are operating in the 

Kingdom. When their BB was investigated it was found that they operate manually 

meaning that the process for request handling is manually done. There is a great risk 

in functioning manually as the first and foremost factor that can cause great 

tribulations, is the amount of errors that can be noticed in the hand-written data entry. 

Therefore, after understanding the workflow with the help of DFD's a Blood Bank 

Infonnation System was developed with the help of understanding the workflow of 

KFSH&RC because they are fully-automated. It is highly recommended that any 

institution seeking quality and standards should have automated procedures and 

pr ocesses. They should follow the standards that are established by the standard

setting agencies/organization such as ISO and/or FDA (for hospitals: AABB and/or 

CAP) to receive accreditation and recognition. 

Recommendation( s) 

The main objective of the project was to link blood banks that would help increase 

staff competence and confidence due to proper use of technology that would benefit 

those associating with them. Also, immediate access to patient transfusion history, 

reduction of unnecessary transfusion by adoption of centralized guidelines for 

transfusion practice and continuous monitoring of transfusion and proper management 
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to blood transfusion services were also the objectives. Many organizations that have 

implemented a Geographic Information Systems have found that one of its main 

benefits is improved management of their own organization and resources. Because 

GISs have the ability to link data sets together by geography, they facilitate 

interdepartmental information sharing and communication. As health management is 

considered to be a rapidly developing field, where even slight shifts in policy affect 

the health care we receive, GIS uses by the physicians, insurance providers, hospitals, 

epidemiologists, researchers, and hospital management executives focus resources to 

meet the needs of those in their care. Therefore, it is recommended that the use of GIS 

in Blood Banks to locate donors easily or hospitals that need to be contacted should 

be implemented. Not only this, GIS can be used in the ambulances as well. A GIS 

application can be installed in the ambulance to find out routes to the nearest trauma 

center in order to reach their in time and save the life of the victim. 

43 



Chapter4 



4.1 Data Collection and System Requirements 

The data collection process for the blood bank system took long and was 

complicated. It went through three main stages: collecting data from Bogshan 

Hospital, then drawing entity relationship diagrams (ER) and developing prototypes, 

and finally walking through the prototype and collecting more data from King Faisal 

Specialist Hospital and Research Center (KFSHRC). 

First, the initial requirements were gathered from Bogshan Hospital through 

unstructured interviews. A lab technician who works in Bogshan explained how their 

blood bank works. In Bogshan, the blood bank system is a manual one; there are 

absolutely no computers in the site. Blood bank demands and transactions are saved in 

record books which are not even indexed. Slowness in recording an action, 

handwriting problems and difficulties in finding a piece of information were main the 

obstacles faced with these record books [l]. The fact that the lab technicians in 

Bogshan had a limited computer background made the data collection process very 

difficult. More difficulties were faced later on as the staff members there showed no 

interest in the project and didn't cooperate well with the team members. 

Second, five ER diagrams were drawn from Bogshan's record books. The 

diagrams were the point from which the blood bank system started, and they lead to 

designing a working prototype·. Moreover, users usually respond in a better way once 

they see a working module. Modules help the users understand the capabilities of 

technology better, and be more precise about what they need the system to do for 

them. Therefore, the ERs and the prototypes were used as another methodology for 

collecting more user-requirements [6]. Below are the prototypes of the designed 

forms: Patient Information Form, Donor Information Form, Whole Blood Release 

Form, Blood Products Release Form, and Cross-Matched Blood Form. 

• The ER diagrams can be referred to in reference [ 1].
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The meeting resulted on an expansion in the system so that it covers most of the 

essential activities that go on in small blood banks. The required system is supposed 

to fulfill the following tasks: 

- To keep records about patients, donors, donations, whole blood and blood

product releases, cross matching possibilities and inventory.

- To prevent or limit data entry errors as much as possible

- To alert users when a mistake happens

- To be able to extract information and automatically generate reports

- To be expandable and customizable to fit the changing needs of the users

Based on the requirements mentioned above, and on the verified and approved 

user requirements, a complete and functioning blood bank system was designed. The 

system is discussed thoroughly in the following sections. 

4.2 System Design 

This section discusses the blood bank system in depth and presents the system 

aspects with screen shots. It covers the tables, UML diagram, the forms, the reports 

and queries behind them, and finally the user interface. 

4.2.1 The Tables 

The system contains six tables. Three of them are designed for the purpose of 

joining the tables together, and to reduce the designer's effort in filling a drop down 

list in more than a table. These tables are: the blood groups, the blood products, and 

the special requirements tables. The remaining tables are designed to be actually used 

and filled up by the end-users, and they are: the donors table, the patient's table, and 

the inventory table. The primary keys and the most important field descriptions are 

shown on the screen shots below: 

• Figure 4.2.1. l shows the Blood Groups Table. It's designed to store

information about the blood groups and the minimum stock for each. The

Group field is a drop down list in the Patients and Donors forms, and the

MinStock field is a drop down list in the Inventory table
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4.4 Recommendations for Future Work 

More work has been already scheduled in the future agenda for the blood bank system 

to be more sophisticated and automated: 

• Two security levels are needed for the system to be more secure. There should

be the administrator who's usually the blood bank supervisor, and he/she

should be given full rights for using the system. There should also be the users

who would be the lab technicians, and they should not be given the right to

alter old data, especially the unit type. Moreover, each time a technician uses

the system, a record should be kept about all entries and changes made by

him/her. The donor room supervisor in KFSHRC explains this by saying

"human mistakes can me committed by anyone, especially during night shifts"

[19].

• The X-Matched and the assigned products should be related to a patient, and

this should be shown in a report.

• For security reasons, when a unit is released, release details should be kept,

like the date and time of the release, and the individuals who were involved in

releasing the unit.

• The Data Base Management System (DBMS) should be able to automatically

change a unit's status from whatever it is to expired in the inventory table once

a unit expires. This can be done by linking the MS-Access database with

Visual Basic (VB), and calling a function that performs this action.

• The Data Base Management System (DBMS) should also be able to change a

unit's status from released to transfused after 24 hours from releasing it. This

can be done using a function call also.

• Possible cross-matching functionality between patients and available units

kept in the blood bank's inventory table should be added to the system - given

that a donor gives to a patient based on the compatible blood groups listed

below:

Donor Patient 

A+,AB+ 

B+,AB+ 

A+,B+, AB+ 

AB+ AB+ 

A- A-, AB-

B- B-, AB-

0- A-, B-, AB-

AB- AB-
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• Daily blood bank workload reports are required. These reports should show

the total number of donors who were newly admitted into the system in a

given day. Same applies to the number of units collected per day.
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Chapter 5 



5.1 INTRODUCTION 

The WRTMG (J/estem Region Transfusion Medicine Group) was initiated by a group of 

doctors from various hospitals, which included both the private and the M.O.H. (Ministry 

ofHealth) hospitals. This group aimed to build a dynamic website that would encourage 

communication among all hospitals in the western region of Saudi Arabia. In addition, 

they wanted to promote the sharing of resources and information regarding transfusion 

medicine. In order to collect funds to be able to build this website, a symposium, hosted 

by KAAUH (King Abdul Aziz University Hospital), was held in the year 2004 on 

transfusion medicine. 

As the WRTMG collected funds for the website, the MRQP (Makkah Region Quality 

Program) council worked to create a standard which hospitals need to attain in order to 

become members of the WRTMG. Employees of the MRQP, which is owned by Prince 

Abdul Majeed, visited fifty-seven hospitals in order to help them reach the standards. 

Each hospital was visited monthly for a period of six months. 

The MRQP puts the following into consideration when standardizing a hospital: 

• The hospital should be serving other hospitals.

• The hospital should share its resources, information, and policies.

• The hospital's way of performing its functions should meet a certain criteria.

After a hospital meets the standards, it can be said that this hospital is "ready" to join the 

WRTMG. The term "ready" involves two factors: I) that the hospital is willing to join the 

group but its administration will not approve of it and 2) that the hospital is able to join 

since it has reached the standards. 

The system requirements were collected from and validated by Mr. Abdullah Al-Asri, 

coordinator ofWRTMG at King Abdul Aziz University Hospital. 

The system development went through several phases: I) systems analysis, 2) user 

requirements identification, 3) system design, and 4) system validation and testing. 
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5.2 SYSTEM REQUIREMENTS 

The System Requirements covers goals and objectives of the WR TMG, the scope 

definition, general requirements collected, and various user profiles. It also includes 

UML diagrams representing the abilities of each type of user. 

5.2.1 GoALS AND OBJECTIVES 

Previously, private hospitals were selling blood to other hospitals without proper 

insurance and safety. Furthermore, since there was no sort of interaction or connection 

amongst the hospitals, each followed its own system and was unable to efficiently find 

out which hospital has the blood products that they need. 

The WRTMG's goal is to, if not eliminate, at least decrease the above mentioned 

problems. It aims to set a standard and help all hospitals reach that standard. To fight the 

problem of lack of communication among hospitals, the WR TMG has decided to build a 

website. It aims to achieve the following from the website: 

• To facilitate communication and exchange of information between

members and hospitals in the region.

• To promote awareness of WRTMG activities including continuous

education and research.

• To disseminate WRTMG policy and scientific/technical information.

• To promote good laboratory practice in Transfusion Medicine.

• To establish mutually beneficial working relationships with relevant

national and international societies and organization in the field of

transfusion medicine. 1

1 These objectives have been taken from the WRTMG Mission and Vision statement 
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5.2.2 SCOPE DEFINITION

This section describes contents of the website and the general requirements for different 

system users: 1) administrator, 2) sub-administrator, 3) member, 4) user, and 5) public 

user. In addition, user profiles are also discussed. 

5.2.2.1 General Requirements 

The requirements for the contents of the website were collected from Mr. Abdullah. He 

prioritized the different features included in the contents, classifying them by which is 

most important and most urgent for them. These features are described below and are 

ordered based on their priority level, going from the highest level of priority to the lowest 

level of priority: 

l) Inventory - Every participating hospital's 1 inventory shall be

posted on the website. This inventory is regularly updated. Also,

users shall be able to search for the availability of particular blood

groups.

2) Posting and Viewing Requests - All hospitals shall be able to post

a request for a particular type of blood product that may not be

included in the inventory. In addition, hospitals shall also be able

to view the requests so that they can fulfill each other's requests.

3) WR1MG Member Information - A section of the website should

provide information about all the members of the WRTMG.

4) Educational Section, Related Links, and Upcoming Events - An

educational section should be made in the website which includes

different presentations, events, papers, ads, and articles posted by

participating hospitals. This information should be open to all

hospitals and the general public for the purpose sharing resources

1 
In this document, hospitals are sometimes referred to as either participating hospitals or non

participating hospitals. Participating hospitals are those that have joined the website and therefore post 
various types of information onto the website. Non-participating hospitals are those that have not 
joined the website. 
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and increasing awareness about transfusion medicine guidelines 

and practices. Also, a related links section should be made which 

contains links related to transfusion medicine. An upcoming events 

section should also be made, which will inform users about any 

transfusion medicine related events that are soon to come. 

5) Discussion Board - Two discussion boards should be made: 1) for

the general public, and 2) for the professionals (i.e., employees of

the all hospitals). They should have the ability to post and reply to

messages posted.

The following are various types of users who will be using the website: 

I) Administrator

2) Sub-administrator

3) Member

4) User

5) Public User

I. Administrative Requirements:

The administrator has the authority to control and manage the contents of the 

website in order to achieve user satisfaction and preserve data accuracy. 

Following are the administrative requirements: 

• Full authority to view all the contents of the website and use

them

• Ability to add new users and assign them their corresponding

title (i.e., admin., sub-admin., member, and so on)

• Ability to add/modify each hospital's contact information

• Ability to add/delete related links and upcoming events

2. Sub-Administrative Requirements:

An employee(s) in each participating hospital is given authority of a sub

administrator whose job is to control and manage information posted by its hospital 
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onto the website. In addition, he/she is also responsible for responding to requests 

made by local members (i.e., employees who are working in that hospital and who are 

members of the website). Following are the sub-administrative requirements: 

• Ability to edit/update inventory postings

• Ability to search for the availability of blood types in the other

participating hospitals

• Ability to browse the website and view related links, upcoming

events, and posted requests

• Ability to post requests for the availability of desired blood types

• Ability to participate in Discussion Board 1 1 and Discussion

Board2

• Ability to post articles, events, ads, or other information on the

educational page

3. Member Requirements:

Members are employees who have joined the website and belong to one of the 

participating hospitals. Following are the member requirements: 

• Ability to view inventory

• Ability to search for the availability of blood types in the other

participating hospitals

• Ability to browse the website and view related links, upcoming

events, and posted requests

• Ability to post requests for the availability of desired blood types

• Ability to participate in Discussion Board 1 and Discussion

Board2

• Ability to e-mail sub-administrators to ask for certain articles,

events, ads, etc. to be posted onto the educational page

1 Discussion boards on the website are referred to as  Discussion Board! and Discussion Board2. 
Discussion Board 1 is the one that is accessed and used by professionals. Discussion Board2 is the one 
that is accessed and used by both professionals and public users. 
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4. User Requirements:

Users are employees of non-participating hospitals. Following are the user 

requirements: 

• Ability to browse the website

• Ability to post requests for the availability of desired blood types

• Ability to participate in Discussion Board2

5. Public User Requirements:

A public user is anyone who is not an employee of a participating and non

participating hospital. Following are the public user requirements: 

• Ability to browse and view all contents of the educational page,

related links, and upcoming events

• Ability to participate in Discussion Board2

5.2.2.2 User Profiles 

There will be four levels of users: 

• Read Only (Public Users)

• Read/Write (Members, Users)

• Read/Write/Modify Own (Sub-administrators)

• Full Control (Administrator)

These levels are defined in the following section. 

5.2.2.2.1 Use-Cases 

Read Only Users 

The read-only users will only read the contents of the website and cannot 

insert, delete or modify any information. 
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Read/Write 

This level of users will be able to read the contents of the website as well 

as post requests for blood products on the website. 

Read/Write/Modify Own Users 

This level of users will be able to post, modify, or delete 

Read/Write/Modify All Users 

This level of users will be able to do all the record maintenance tasks. They will 

be able to modify any records created by any users. 

Full Control Users 

This is the system administrative level which will be able to change any 

application settings, as well as maintaining user profiles. 

5.2.3 MAJOR CONSTRAINTS 

Time 

One of the major constraints that prevented many accomplishments in the development of 

the website was time. Due to the lack of time, some sections of the website were not 

developed. Also, the user interface was not given adequate attention. 

Resources 

Another factor that limited further development of the website was the lack of resources. 

The only resource available and relied upon to build the website was a summer training 

experience completed over a period of two months. Books and human resources were 

also unavailable. 

5.2.4 FlITURE ENHANCEMENTS 

Several features of the website were not able to be either developed at all or developed 

successfully due to lack of time and resources. These features, specified below, will be 

developed in the future. 
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• WRTMG Member Information page

• Educational Section

• Discussion Boards

• Ability of the administrator to create user accounts

• Adjustments to the Inventory page

• Interface enhancement

After the above-mentioned adjustments and development have been completed, the 

website will be published. 
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5.4 SYSTEM TESTING AND VALIDATION 

The contents of the website were validated with Mr. Abdullah and a rough interface was 

shown to him. The testing of the website was done by several people. One of the testers, a 

doctor, mentioned that the job required to be done by the user on each page is clear. For 

example, filling out the Post Request form or searching for available blood types in the 

Inventory Page was easily done. However, he recommended that the Inventory Page 

should have a statistical table that displays the statistics of the availability of different 

blood types in different hospitals, including comparisons of the amount available in 

different hospitals. He said that the page should automatically refresh itself so that if the 

inventory is updated by any hospital, it will be visible to the doctors. This will save them 

from searching through the inventories of the hospitals. He also mentioned that the 

interface needed some improvements. 

The website was also tested by an instructor. She recommended that a field called 'Last 

Updated' be displayed on the Inventory Page. Every time a hospital updates their 

inventory, this field should record and hold the time and date of that update. As a result, 

other hospitals will be able to tell how recently an inventory has been updated. If it was 

last updated a long time ago, the hospital will know that the information on the inventory 

is not true for the present. 

5.5 CONCLUSION AND FUTURE RECOMMENDATIONS 

Due to lack of time and resources, many planned features of the website were not able to 

be developed. However, the development of the most basic element of the WRTMG, 

which is the inventory, was accomplished. Some adjustments do need to be made to it in 

order to make it more efficient. Feedback received during the testing phase will be put 

into consideration during future work. Furthermore, other parts of the website that are 

mentioned in the Future Enhancements section will be worked on. The interface will also 

be refined to provide a more user-friendly look. 
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Website Development for the \VRTMG 



Cl.CODE 

I.Home Page

Public Class WebForml 
Inherits System.Web.VI.Page 
Protected WithEvents btnHome As System.Web.UI.WebControls.Button 
Protected W1thEvents btnMV As System.Web.UI.WebControls.Button 
Protected WithEvents btnWRTMGMeminfo As 

System.Web.UI.WebControls.Button 
Protected WithEvents btnLog As System.Web.UI.WebControls.Button 
Protected WithEvents btnEduSec As System.Web.UI.WebControls.Button 
Protected WithEvents btnDB1 As System.Web.UI.WebControls.Button 
Protected WithEvents WRTMG As System.Web.UI.WebControls.Image 
Protected WithEvents Labell As System.Web.UI.WebControls.Label 
Protected WithEvents Bar As System.Web.UI.WebControls.Image 
Protected WithEvents btnEvents As System.Web.UI.WebControls.Button 
Protected WithEvents btnRelLinks As 

System.Web.UI.WebControls.Button 

#Region " Web Form Designer Generated Code " 

'This c� l is required by �he Web Form Designer. 
<System.Diagnostics.DebuggerStepThrough()> Private Sub 

InitializeComponent () 

End Sub 

Private Sub Page_Init(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles MyBase.Init 

'CODF.GEN: This method c 11 �s yequired by the Web Form Designer 
'Do �ot �odify it usi g the code editor. 
InitializeComponent() 

End Sub 

#End Region 

Sub Page_Load(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles MyBase.Load 

End Sub 

Private Sub btnHome_Click(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles btnHome.Click 

Response.Redirect("./WebForml.aspx") 
End Sub 

Private Sub btnRelLinks_Click(ByVal sender As System.Object, ByVal 
e As System.EventArgs) Handles btnRelLinks.Click 

Response.Redirect("./RelLinks.aspx") 
End Sub 
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