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Case Study 21       Database for a Blood Bank

Database for a Blood Bank

Problem Description
“Blood banks” carry an inventory of different blood types that is used by health care providers, such as hospitals and clinics. Carrying enough inventories to provide the required blood type to patients in critical, life-threatening situations is an important issue that blood banks have to deal with. A big challenge in managing the inventory is that banks cannot “order” or “get shipments” of a particular blood type at any moment in time. Blood is donated by donors, and this process is performed voluntarily, thus it requires planning. The blood bank is considering implementing a warning system that informs the staff when the inventory falls under a pre-specified level. These warnings will initiate special drives to collect the particular type of blood the bank is short of.   

The blood bank has data about the blood collected by donors as well as the patients that used blood from this bank. We want to build a decision support system that would assist with managing the inventory in a blood bank. 

The methodology one can use to determine the demand for a particular blood type and decide about the corresponding inventory level could be similar to the ones used by manufacturing companies. The following paragraph explains how this can be done.

The blood banks can retrieve the following information from the data kept in their database: number of patients that suffer a particular disease per age group; expected number of accidents in a holiday season per age and blood type; and expected amount of blood donated by age and blood type. This information can then be used to estimate the amount of a particular blood type that will be needed and the amount of blood that will be available during the same time period in the current year. If the bank foresees an inventory shortage, it can take different initiatives to increase this level, such as borrowing from other banks or initiating special drives to collect blood. 

Database Design

We present below the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.
1. Blood pouch: The main attributes are identification number, blood type, location, cholesterol level, etc.

2. Blood bank: The main attributes are identification number, name, address, name and telephone number of the contact person, etc.

3. Donor: The main attributes are social security number, name, address, gender, birthday, telephone number, e-mail, blood type, HIV positive?, etc.

4. Patient: The main attributes are social security number, name, address, gender, birthday, telephone number, e-mail, blood type, HIV positive?, etc.

5. Doctor: The main attributes are social security number, name, address, telephone number, area of specialization, etc.

6. Operation: The main attributes are name, description, expected amount of blood needed, etc.

7. Health care provider: The main attributes are name, address, name and telephone number of the contact person, etc. 

Note that when a donor gives blood (a) the blood is carried in a blood pouch. These blood pouches are instances of the Blood inventory entity type; (b) the following information is recorded about a donation: donation date, expiration date, and quantity donated; and (c) the inventory level of the particular blood type in the blood bank is updated. Note that when blood is used (a) the following information is recorded: date and quantity used; and (b) the inventory level of the particular blood type is updated.   

Access Application Development

The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:

Queries:
1. Use a make table query to create a table that presents information about the current inventory level of each blood type. Name this table tblInventory.

2. Create an update query that updates the inventory level of a particular blood type in the table tblInventory whenever a donation is made or whenever a patient uses blood. 

3. The information about new donors (donors who donated for the first time in the current year) is kept in a separate table. At the end of the year, the information about the new donors is appended to the table that keeps the information about the rest of the donors. Do the following:

a. Use a make table query to create a new table (called tblNewDonors) to present the data about the new donors.

b. Use an append query to append, at the end of the year, the information about the new donors to the table that has the data about the existing donors. 

c. Use a delete query to delete the information about the donors in the table tblNewDonors.

4. Create a select query that lists the identification number of all the blood pouches that are expired. Create a delete query that deletes the information about the expired blood pouches from this database. Create an update query that updates the inventory level of each blood type in the table tblInventory after the expired blood pouches are disposed.

5. When a patient needs blood of a particular type, it is suggested that the pouch with the earliest expiration date be used. Create a query that prompts the user for the blood type and returns the identification number and location of the pouch that carries the particular blood type with the earliest expiration date.   

6. Historical data about blood donations and usage will help in building the following queries. These queries will help to determine the need and supply for a particular blood type.

a. Create a query that calculates the average amount of blood used per month in a year. 

b. Create a query that calculates the average amount of blood donated per month in a year. 

c. Create a query that calculates the amount of excess/shortage of each blood type in the current month. To calculate these amounts, use the information from the above queries.   

d. Create a query that calculates the average amount of blood used during the following holiday seasons: New Year, Easter, Independence Day, Labor Day, Thanksgiving, and Christmas.   

7. Donors are allowed to donate up to a certain amount of blood per month. Create a query that calculates the amount of blood donated within the month by each donor.

8. Create a query that calculates the amount of blood (of each blood type) used by health care providers.  

Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: blood pouches, donors, patients, etc. These forms allow the user to add, update, and delete information about blood pouches, donors, patients, etc.

3. Create a form that allows the user to choose from a list box a blood type. Create a subform that presents a list of the blood pouches that carry the particular blood type. For each blood pouch, present the following: identification number, location, donation date, and expiration date. Sort the information by expiration date. Insert a command button that, when clicked-on, calculates the total amount of blood of a particular blood type in the inventory. Insert a command button that, when clicked-on, presents a list of the donors of a particular blood type.

4. Create a form that allows the user to browse through the information about each health care provider. Create a subform that presents for each provider the total amount of blood (of each blood type) consumed per month during the current year. 

5. Create a form that allows the user to browse through the information about each blood bank. Create a subform that presents for each blood bank the total amount of blood (of each blood type) in the inventory. 

6. Create a form that allows the user to choose the name of a donor from a combo box. Create a subform that presents a list of visits for each donor. For each visit, the following is reported: visit date, quantity donated, blood pressure level, sugar level, cholesterol level, descriptions of donor’s health conditions, etc.
Design a logo for this database. The logo may contain the picture of a hospital, a blood pouch, etc. Insert this logo in the forms created above. Have the background color of the forms light yellow and the border color for the titles dark red. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Blood banks provide the following services to the donors: test for HIV and test for sugar content and cholesterol. The bank mails summary reports to donors after each donation.  Create a report that presents these test results for a donor. 

2. Use the label wizard to create labels with the address of each donor.

3. Usually, doctors order more blood for an operation than the amount required. They follow this practice to be prepared in case of an emergency. However, the blood banks do not like this procedure, as they feel the remaining blood from the operations is misused. For each operation, the database carries information about the expected amount of blood to be used. Historical data can also be used to calculate the amount of blood used for a kind of operation for a patient of a particular age. Create a report that presents the following for a particular kind of operation: the expected amount of blood to be used, the average amount actually used, and the maximum amount and minimum amount ever used. 

4. Use the chart wizard to plot the following:

a. Average amount of blood used by health providers per month during the current year.

b. Maximum amount of blood used by a health provider per month during the current year.

c. Minimum amount of blood used by a health provider per month during the current year.

d. Total amount of blood donated per month during the current year.

e. Total amount of blood used by health providers per month during the current year.

f. Total number of expired blood pouches per month in the current year.

g. Shortage/excess of donations versus usage of blood per month in the current year.

h. Total number of donors per year in the last five years.

i. Total number of new donors per year in the last five years. 

5. List the identification number, location, and expiration date of the expired blood pouches.

6. At the end of the year, the blood bank mails to health providers a report containing detailed information about the amount of blood procured by blood type, procurement date, etc. Create such a report. Use the label wizard to prepare labels with the address of each provider. 

Visual Basic.NET Application Development

This database application can be used by blood banks, health providers, doctors, etc. In the following figure we present a tentative layout of the system. 


In the welcome screen, the user can choose one of the five options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important. We suggest that the queries, forms, and reports already created in the Access Application Development section be included in here.

Blood Banks: This part of the database will mainly be used by health care providers to place orders and by other blood banks in case they face a shortage or excess of blood. Each blood bank presents the amount of blood they have in their inventory by blood type.

Donors & Patients: This part of the database is mainly used by the blood banks, and sometimes by patients and donors. The blood banks browse this part of the database to learn about the blood type of a particular donor, the history of a donor’s donations, etc. The donors can use the database to check their health condition (test results) after the last donation, etc.   

Health Providers: This part of the database is mainly used by health providers and blood banks. Blood banks check the database to identify potential providers (customers). Health providers check the database to identify sources of a particular blood type. 

Statistics, Graphs, and Data Analysis: This part of the database presents graphs and different statistics that are used to identify trends in the donation and consumption of blood. The plots already created in the Access Application Development part can be used in here. 

Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about patients, donors, blood banks, etc.

Web Extension
A user may access this database from personal computers at home or in the office. The user could be a blood bank, a doctor, a patient, the database administrator, etc. Health providers search the database to identify sources of blood. The blood banks use the database to identify potential customers (health providers), keep in contact with patients and donors, recruit donors, identify ways to improve their service level, etc. Only the database administrator can have access to the update forms.

Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.
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