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FIELD OF STUDY

Abstract

Control and systems engineering

The cost of care (COC) and quality of care (QOC) have been a
central issue in the US healthcare system for several years. Patient waiting
time and resource allocation, which can be controlled in real time, are two of
the major factors that affect the cost and quality of care in healthcare
organizations (HCOs). The objective of this work is to minimize the patient
waiting time, while maximizing the utilization of the resources for HCOs.
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First, using the augmented System Engineering Multiple-Domain
Matrix (SE-MDM) as well as a concept of traceability, it is shown that a
network topology can be developed to provide a universal structure for a
model-based approach to automate patient flow and resource utilization in
any HCOs. Second, the problem of patients flow control and resource
utilization is formulated as an optimization problem. The solution to this
problem is an optimal global routing strategy (OGRS) to control the patient
flow and resource utilization in real time for a HCO; assuming that the OGRS
can be ideally implemented in a HCO. The solution is then extended to
include practical situations, in which the ideal OGRS cannot be implemented
due to realistic events such as delay in care time and unpredictable events
such as arrival of patient with high risk factors, etc. The extension uses the
concept of feedback control systems, where healthcare professionals provide
the feedback information.
The proposed solution is tested, on the basis of scenarios that took
place in an ambulatory HOC of visiting patients, and compared to that of the
existing best performing solutions. It was found that the proposed solution
outperforms these solutions by at least a fifteen-percent in terms of reducing
patient waiting time and maximizing resource utilization. Considering the ad
hoc approach currently practiced by the majority of hospitals, the total patient
waiting times is about thirty-eight percent higher compared to the proposed
solution. To show the effectiveness of the proposed feedback solution,
simulation experiments were conducted for an ambulatory HCO of few
patients to larger HOCs of 50 patients competing on different resource nodes.
The results suggest that the proposed system is effective in tackling the
uncertainties encountered in care delivery.
The contribution of this work includes a universal structural model
as well as systematic solution to the control problem of patient flow and
resource utilization. Both contributions are applicable to any HOCs.
Furthermore, the proposed control solution can be adopted to extend the
theory of resource allocation for non-sequential tasks scheduling.

