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Abstract

Abstract

During the last decades, the management systems of blood units and their
products within the health system were among the most important and
influential systems in human life. Where, managing blood donation, blood
allocation, and blood transfusion services operations were critical to save lives.
In addition, the need to managing a specific blood product, in a special way may
arise, as is the case today in the COVID-19 pandemic. Where, donation of
COVID-19 Convalescent Plasma (CCP) and the process of allocating these
units to in-need patients in the most appropriate way will have a decisive impact
on the treatment of severe COVID-19 patients.

Unfortunately, in the traditional unit management systems, despite the
availability of the required units within the system storages, inconsistencies and
unavailability may occur for blood units required for critical cases in time. This
is due to the allocation or disbursement of these units to less priority cases than
critical ones because of the manual systems and procedures used in this issue.
Also, most traditional blood banks work in isolation from one another and do
not integrate with blood and convalescent plasma donation centers, hospitals,
and other health care organizations that affect blood and CCP unit management
services.

In the current work, a cloud system for managing blood units and
convalescent plasma for COVID-19 patients using hybrid or real-time
algorithms were designed and implemented. The proposed system offers two
different models for managing blood and CCP units. Each model has its own
proposed allocation method, which works on allocate units in the most
appropriate manner, depending on the allocation request's priority and the type
and quantities of the available units, which were determined based on medical

needs. The most important characteristic of this system is that it eliminates
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reliance on human intervention in the allocation processes; in addition, the
ability to provide integrated central management for a group of local blood
banks.

The proposed system was implemented by relying on Microsoft Cloud
(Azure) services. Azure Virtual Machine was used as a master management
server for the proposed system. Also, the Azure SQL Databases service was
also relied on to build the main database. In addition, a hybrid of real-time
scheduling algorithms was used in the building of the proposed system
algorithms. Where, the Polling Server algorithm was relied on as the main
algorithm for managing the tasks and events in the management servers. While
a hybrid of the Earliest Deadline First algorithm (EDF) and Priority algorithm
modified specially for this work was used to build the proposed blood unit and
CCP allocation methods; and this is the most important thing that distinguishes
these methods from the rest of the methods used in previous systems.

Measuring and evaluating the efficiency and performance of the proposed
system was carried out based on a data set of the Central Blood Bank and the
COVID-19 quarantine and treatment centers in Nineveh Governorate. The
proposed system recorded a significant improvement in the efficiency of the
allocation process for the available units in general, with an increase in the
allocation rates for critical illness cases in particular. Where, when the proposed
blood unit allocation method was used, the blood units Missing Allocation
(MA) rates of normal and critical cases decreased from (26%, 9%) to
approximately (14%, 3%) when each local blood bank operate separately.
Whereas when all local blood banks were managed centrally and integrated by
the proposed system, the MA rate was about (11%, 1.7%).

Moreover, the proposed convalescent plasma allocation method contributed

to the distribution of Allocation Rates (AR) for plasma units and their regulation
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based on the patients' blood oxygen saturation ratios. In addition to, improving
the distribution of reserved unit quantities relative to the actually required unit
quantities, at a rate of approximately (90%).

Also, in the proposed system, none of the Allocation Error (AE) cases
appeared in the allocation stage. As well as in the AE cases that occurred in
other stages the proposed system was able to detect approximately (80%) of its

causers, and overridden (90%) of its effects.
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