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Scheduling Approch to Control the Execution of the Patient Pathway Workflow in the Emergency Department

The majority of developed countries are interested in enhancing their healthcare information system in order to expect the overcrowding situations and improve the patient quality of care. In this paper, we focus on the patient pathway workflow modeling using the business process management notation (BPMN) graphical language in the adult emergency department (AED). The goal of our work is to identify the dysfunction situations and improve the performance indicators such as the waiting time. The idea is to optimize this criterion using a real-time scheduling algorithm applied simultaneously on each decision point (gateway) of the patient pathway workflow model. The objective of our algorithm is to assign a dynamic priority to the patients according to their health state evolution. In addition, taking into account the uncertainty of patient arrival an adequate a real time scheduling algorithm is proposed. Our approach is tested on a set of real database from the AED of the regional university hospital (RUH) of Lille (in the north of France). We conducted interviews, performed healthcare tasks analysis, and validated results with the AED medical staff. The goal is to have the workflow model as close as possible to the real functioning of the AED. The simulation results show that the average waiting time of the patients at the AED drop by 11% thanks to our approach.

Introduction

The patient medical treatment may require a number of various interactions between several services (MRI, biological tests, surgical operations, etc.). At each step of the care process, each patient is associated to a care activity and to a medical resource allocation. However, the functioning of this care process always faces to various problem such as: the lack of coordination between the various services, the complexity of the patient pathway management, financial resources limitations, the unpredictability of the arrival time of patients and their pathologies. Consequently, the health organizations systems are more and more aware of the need to use their resources as efficiently as possible, which requires health authorities to increase emphasis on process optimization in order to control and minimize operating costs and improve the quality services levels. Indeed, because the lack of medical information circulation leads to delays resulting in poor quality of care and increased cost, a connected Workflow system should be set up [1].

In fact, in this article, we use a Workflow model to represent patient pathway with different bottleneck points generating long Waiting Time (WT)s. We propose then to develop a Real-Time Scheduling Algorithm (RTSA) applied in parallel way in each decision point of patient pathway Workflow in order to orchestrate them and reduce the WT during the execution of the workflow instances.

Our paper is organized as follows: a state of the art will be presented in the second section. The third section describes the patient pathway Workflow model. The proposed RTSA is presented in sections 4, followed by simulations and results in the section 5. A conclusion and perspectives are presented at the end of this paper.

State of the art

In the literature, the application of Workflow model in the hospital system has been successful, which rendered the health system a very active area of research [2], [3], [4]. The majority of this research is about providing an efficient health care system for the patient and ensuring its continuity for the next generation [2], [5], [6], [7]. In fact, many research works focus on assessing the ED performance. In [START_REF] Salmon | A structured literature review of simulation modelling applied to Emergency Departments: Current patterns and emerging trends[END_REF], [START_REF] Et | Patient flow within UK emergency departments: a systematic review of the use of computer simulation modelling methods[END_REF] authors present a state of the art about the computer simulation approaches used for understanding the causes of ED overcrowding.

In [START_REF] Harzi | Scheduling Patients in Emergency Department by Considering Material Resources[END_REF] authors presented a mixed integer linear programming (MILP) approach to minimize the total waiting time of patient's in the emergency department. Their model is not applicable on a large population size and does not take into account the uncertainty aspect of patient arrival.

Real-time optimization approaches have been developed in order to take rapid decisions especially when an unexpected event occurs in the system such as the random arrival of patients. A state of the art in real-time optimization methods is presented in [START_REF] Jaillet | Risk and Optimization in an Uncertain World[END_REF], the computation time is the most important criterion for these methods. For example, appointment-planning optimization in radiotherapy presents a major difficulty because of uncertainty, which is the main characteristic of patient arrival. In this context, the majority of researchers usually propose off-line provisional schedule approaches but the proposed solutions can explode in terms of deadlines and costs. In [START_REF] Erdogan | [END_REF], authors propose a real time approach in order to calculate the best appointment for each patient arrival with a small size problem. In [13], authors propose a Markov decision process to solve the same problem. They obtain an appropriate solution for several instances generated randomly. However, they do not take into account all information generated from the beginning of the resolution process. This information is important to optimize in real-time patient pathway, especially in overcrowding situations.Table 1. Summary of the related research on patient scheduling in the healthcare systempresents a comparison between the different works cited above.

The originality of our paper over existing works is the take into account new patient arrival and the health status evolution of the ongoing treating patients. Our objective is to adapt the best solution according to what really happen in the AED.

Patient Pathway workflow model

The workflow model, implemented using BPMN language (Business Process Management Notation) and presented in Figure 1, represents the patient pathway in the AED. This model has been realize thanks to observations made during several visits over a period of 6 months. The analysis done by the researchers and AED staff medical conducted us to construct a Workflow models.

An instance of this model triggers with a single start-event representing the patient arrival and ends with 6 possible end-events representing the different exit-ways of the patient. This workflow model includes several decision points. At each point, a patient real-time scheduling is needed. 

Decision variables

Yk The time that pathway workflow instances assignment is made for patient k ; Zko The starting time for the treatment task Pk,o,h.

A solution to the AED workflow model is a feasible schedule of patients' pathway workflow instances assignment and health care task-resource allocations. The goal is to assign each patient to an appropriate pathway workflow instance and schedule the health care treatment tasks. The object here is to minimize the weighted response time between arrival and pathway workflow instances assignment and the objective of the task-resource allocation is to minimize the total care time of all patients. The weights ωk are selected according to priority class of the patients, it is penalized in the objective and this accounts for the priority class assigned during triage. These weights are dynamic and are updated according to the evolution of patient pathology gravity.

Waiting Time before the first consultation
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After all the treatment tasks   ,.,.

k o are completed for a patient k, the pathway workflow instances assignment to this patient is released.

The goal of our RTSA proposed algorithm is to reduce the average waiting time of the patients. So, when two patients have the same priority level and respectively waiting in the WS and WP rooms, the switch function allows to take care firstly of the patient in the WP. This solution reduces the waiting time in the WP, called primary waiting time. The RTSA algorithm uses the Priority function, which calculates the priority order of each patient in the AED, basing on the application of the three dynamic rules applied on each patient (Table 32). 
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Simulation and results

In order to validate our algorithm we did interviews with the AED medical staff and observations during visits in the RUH of Lille. We defined a sample of 20 patients with different gravity degrees (Table 3). For simulation we consider that the treatment is achieved by a single doctor in a single box available at that time and two types of waiting rooms: WS (secondary waiting room) and WP (primary waiting room). We are here faced to a resource constraints scheduling problem. These patients pathway represented by the Workflow with different decision points are controlled by the RSTA during its execution.

This table shows that the WT in the real treatment process functioning (8th column) of these 20 patients (according to visits) is often high compared to the WT with RTSA (10th column). The real functioning of the AED does not take into account the patient consultation time; it considers only the severity of the patients in the WP, that is to say, the patient with the greatest severity is scheduled first. However, if there are two patients who have the same gravity the priority is given to the one who is in the WP and if they have the same WT then sorting is done randomly. This reflects the inconvenient of this functioning and explains an excessive total WT. While applying our RTSA approach in each decision point of the Workflow model the average WT of patient at AED drop of 11% (Figure 2). The originality and effectiveness of our RTSA is shown at the application of the rule R2, thanks to this rule the 3 patients (P7, P10, P2) where their health care state evolution dynamically changed respectively from 3-5-3 to 5-6-7. The RTSA takes into account this evolution of gravity and the algorithm has updated the order in patients' treatment sequence (13th column). 

Discussion

Thanks to our workflow model and our dynamically (re)-orchestrate algorithm of workflow instances (RTSA), the patient wait time rate drops by 11% during the execution of workflow. The results demonstrate the utility of the proposed methodologies to optimize the using of human and material resources to treat patients as quickly as possible while to take into account the evolution of patient health care state gravity. Therefore, the main cause of overcrowding situation is that the demand exceeds the supply generated by the functioning nature of this department. The situation becomes worse, when several patients arrive at the same time to the AED. In fact, in order to anticipate and avoid the overcrowding situation in the AED, we need to develop in a future work a decision support system provided with a computerized resolution architecture based on the multiagent system allowing communication, coordination and negotiation between the different actors of the AED to ensure collaborative optimization that generates good actions to adopt.

Conclusion and prospects

In this paper, we have modeled the AED patient pathway using a processoriented approach (Workflow). We have chosen the Waiting Time as the most crucial Performance Indicator. In order to control the workflow patient pathway during its execution we have developed a real-time scheduling algorithm (RTSA) at each decision point in the workflow model. The originality of this work is to take into account the evolution of patient health care state gravity at each decision point thanks to the dynamic rules driven RTSA. To evaluate our approach, a simulation of the WT rate before and after scheduling is done and shows a decrease of 11% in the WT within the AED.
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