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Abstract. Hospitals and healthcare facilities are increasingly challenged to
ensure an efficient use of resources while achieving a high quality in their
services that also maximizes the patients’ safety. This is especially important in
the case of transportation of patients whose health conditions require the use of
appropriate procedures and tools. This work employs a simulation approach to
propose solutions for hospitals to improve the organization of the patient
transportation service. Resulting solutions are based on the perspective of the
service provider and especially driven by patients’ needs. By using the Arena
software, we analysed the service model in an Italian hospital and the variations
in the human, physical and intangible resources that could improve the service
performance, with a focus on the operations adding value in terms of time and
collaborative behaviours among patients and operators.

Keywords: Simulation scenario; Healthcare services; Transportation service
improvement.

1 Introduction

Hospitals and healthcare facilities are increasingly challenged to ensure an efficient
use of resources while achieving a high quality in their services that also maximizes
patients’ safety. Different hospital services and tasks can now leverage a tremendous
amount of data collected on daily operations, services, and resources, to be analysed
with digital and computerized tools for enhancing the management process [1].

The provision of adequate service quality is especially important in the case of
transportation of patients whose health conditions require the use of appropriate
procedures and tools. This service uses specialized staff and appropriate tools, such as
wheelchairs, stretchers, and hospital beds, which should be assigned in accordance
with the health condition of the patients. The limited number of these resources,
together with the scarce predictability of the demand for this service and the
constraints provoked by the hospital infrastructure (e.g., the limited availability of
elevators), makes the optimization of internal transportation extremely important in
several hospitals [2]. For these reasons, the (in-hospital) transportation service is often
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outsourced to service providers. This choice allows hospitals to concentrate their
internal resources on their core activities, such as patients’ health, and to take
advantage of the economies of specialisation and scale obtainable by the companies
that specifically deal with these services [3].

The service provider should guarantee that all transfers are performed in the
greatest safety and with the highest degree of care for the patient, as well as in the
shortest possible time, with a propensity to optimising and standardising routes and in
compliance with current company procedures. To ensure the accomplishment of
quality performance, the management and the improvement of the service should take
into account the potentialities of digital and computer-based tools. Different patient-
centred scenarios that evaluate both the waiting times and the safety of patients could
be considered. In this sense, this study aims to understand how the service level for
patients is affected by the amount of resources available to the transportation system,
and to identify the possible strategies for managing the service demand. To this aim,
we defined different patient-centred scenarios according to the variations in the
human, physical and intangible resources in the service model of an Italian hospital.

2 The Application Context

2.1 Models for Patient Transportation Services Improvement

The studies on (in-hospital) patient transportation try to optimize the use of physical
and human resources involved in the transportation of patients between different
hospital units, such as wards, treatment rooms, and operating theatres. Among the
operations management approaches proposed in the literature, both Hanne et al. [4]
and Kuchera and Rohleder [5] present a software solution that heuristically solves the
Dial A Ride problem, thus supporting a more efficient scheduling of the staff
involved in in-hospital transportation. Séguin et al. [6] adopt a mixed-integer model to
minimize the cost of staff assignment based on a high decentralization, in which the
employees are assigned to specific routes, rather than to a more generic area. To
reduce both the waiting time of the patient and the related waste of resources involved
in internal transportation, Schmid and Doerner [7] propose a systematic and
cooperative approach that jointly optimizes the scheduling of operating rooms and
transportation services.

While these studies are based on optimization techniques, Segev et al. [8] deal with
in-hospital transportation problems by using simulation. They develop an Arena
model to estimate the right number, type, and location of the elevators dedicated to
internal transportation, other than to study the performance and the robustness of this
service in accordance with a different number of elevators. Although simulation may
provide a relevant contribution to the analysis of in-hospital transportation, its
application in the literature is still limited.
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2.2 The Patient Transportation Service of the Santo Stefano Hospital in Prato

The Santo Stefano Hospital in Prato is one of the 13 hospitals belonging to the
Azienda USL Toscana Centro (AUSL TC), based in Italy. The centre was created in
2016 following a deep reorganisation of the health service in the Region of Tuscany.
The Santo Stefano hospital includes:

* the hospital building, which has 540 beds/beds, 20 short intensive
observation areas, 40 dialysis spots, 15 operating theatres, 6 labour rooms
and 4 delivery rooms, boasted high diagnostic technology and is organised to
meet the different patients’ care needs;

+ the service building, which is mainly dedicated to logistics, technology
centres and laboratories.

The patient transport service consists in transferring the patient, with any aids
(infusion pumps, oxygen cylinders, etc.), and the related documentation (medical
records, authorisations necessary for diagnosis and treatment purposes etc.), to the
ward/service of destination indicated, in most of the hospitals of the AUSLTC. It can
be performed using means of transport such as wheelchair, stretcher, bed and corpses
trolley. Moreover, it can belong to the categories of scheduled, non-scheduled or
urgent transport service, depending on the advance notification of the request by the
department to the provider and the maximum time allowed for delivery.

The patient transport service in Santo Stefano hospital is completely outsourced to
a Facility Management corporation. The most critical issues that emerged in the
analysis of the service include: the presence of delays, highlighted in the majority of
the centres of AUSL TC; the limited availability of the service, only at certain times;
the lack of service traceability and execution errors. In order to overcome these
critical points, an increase in the resources available for the service, a more systematic
(and collaborative) organisation, and the adoption of digital tools to monitor the
requests for the service were evaluated in this study.

3 The Innovation in the Patient Transportation Service Model

This section describes the steps followed to develop a simulation- and collaboration-
based solution for the improvement of the patient transportation service model in the
Santo Stefano Hospital in Prato.

3.1 Organisational Analysis of Transportation Service Operations

The requests for patient transportation service in the Santo Stefano di Prato hospital
are performed with a centralised process, summarized in Table 1. This process is
managed by an Operations Centre (headquarter), made up of porters and telephone
operators, who are responsible to forward the requests via mobile phones received
from the departments to fellow porters. The advantage of this method, if compared to
the other processes that are generally performed in hospitals decentralised general
process, semi-centralised process, and decentralised specialized process, is the higher
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awareness of the Operations Centre of all the information necessary to choose the
most suitable operator to satisfy the request.

The first step of the study was the organisational analysis of the operations
belonging to the patient transportation service. Table 1 summarises the main features
of operations that occur or could occur in the process, and distinguishes them into
value-added (VA) and non-value-added (NVA) activities.

Table 1. The centralised process for requests in patient transportation service.

Operations Execution Human resources Tangible Operations
time assets type
Ward contacts 50-60 1 telephone operator; 2 telephones NVA
headquarters seconds 1 ward supervisor
Headquarters 50-60 1 or 2 operators; 1 telephone; NVA
contact operator seconds 1 telephone operator 1 mobile phone
The operator 12 minutes 1 or 2 operators; 0 or 1 transport VA
carries out 1 patient vehicle
transport

For example, the first operation is mapped as NVA, considering that queues and
long waits are very likely to be generated if several transport requests arrive
simultaneously from different wards and/or services, thus affecting services’
performance. These activities increase the duration of transport and the number of
resources used. They cannot be easily eliminated in the short term, thus they need to
be addressed by medium-/long-term improvement plans or major change management
activities.

3.2 The Patient Transportation Service Model of the Santo Stefano Hospital

As introduced in the previous section, the patient transport service carried out within
the Santo Stefano hospital in the Prato district area is a centralised and outsourced
process. The switchboard operators of the Operations Centre handle the sorting of
requests, which are both scheduled and unscheduled equally distributed (the latter
also includes urgent ones) and are received every day from 08:00 to 18:00. The calls
which are not included in this time interval are diverted directly to the porters on duty.
In addition, the Operations Centre has 24 porters and 4 wheelchairs available to
process requests.

The type of equipment required for transport includes stretchers, beds and corpse
trolleys and they are owned by the Healthcare Public Body of the centre of Tuscany,
totalling the amount of 150,600 and 2 respectively. The most used type of
transportation is the stretcher, located in the Radiology department. Whenever the
porter has to carry out a transport, it is necessary that he/she first goes to the
Radiology department, and then transfers to the patient’s department. This causes an
average increase in travel time of about 4 minutes, representing a clear waste in the
service. The transport carried out with the bed requires two porters, while the
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transport of corpses is carried out with a single porter, as the latter is helped by the
mortician.

Finally, with regard to the optimisation policies, the switchboard operators are the
ones having a broad knowledge of the precise locations of departments/services and
the movements of porters, thus able to choose the best route in terms of time and
resources.

Based on data collected on the average number of requests, use of resources along
with operations, and average percentages of routings of patients, we created with
Arena Simulation the simulation model of the patient transportation service, shown in
Fig. 1.

—_—
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Fig. 1. The patient transport service model AS-IS.
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This starts with the request arrives at the Operations Centre, and ends with the release
of the patient. Based on data collected, the type of vehicles used were divided
according to the percentage of assignments for transportation as: 65% of the
probability that entities are routed towards the stretcher, 15% towards the wheelchair,
17% towards the bed, 1% towards the corpse trolley and by the remaining 2% towards
transport without any assistance. The simulation model allows to evaluate the
strengths and weaknesses, and thus to improve the organization of the patient
escorting service in the hospital, based on the perspective of multiple stakeholders and
especially driven by patients’ needs. Specifically, main areas of improvement
concerned the delays, the limited availability of the service, and the lack of service
traceability and execution errors. It emerged the need to evaluate how the amount of
human, physical and intangible resources could improve the transportation service
level, and to simulate the possible strategies into different patient-centred scenarios.

The as-is model was validated by comparing the results obtained from the
simulation with real data. Table 2 below categorises the results by transportation
means.

Table 2. Validation of the service model as-is

Simulation results

Statistic Name Arithmetic Geometric Reality
Average Average
Number of bed transports 16.50 16.50 31.12
Number of corpse trolley transports 960.00 960.00 278.00
Number of foot transports 1.95 1.95 1.94
Number of stretcher transports 62.92 62.92 58.57
Number of wheelchair transports 14.50 14.50 11.44
Number of arrival request (IN) 96.84 96.84 104.21
Number of arrival request (OUT) 96.83 96.83 104.21

4 Simulation Sesults and Improvement Proposal

The results obtained by the simulations address the main critical issues identified in
Section 2. The main criticalities include: the waiting times of the entities in the
various processes of the service model, and especially the waiting time for requests
before being accepted; the time required to complete the execution of the various
transports; and the average usage of all the resources necessary to accomplish the
performance of the service, especially in terms of the difference between the number
of transports with stretcher started and finished and the number of transports with
stretcher started, but not finished.

The results were divided into Entities, Processes, Queues and Resources for
analysis, as shown in Table 3.
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Table 3. Results of the simulation for patient transportation service.

Results

Entities A request awaits about 5 minutes, before being processed.

Processes » The taking over of requests by the switchboard operator causes a waiting
time of about 5 minutes.

» The VA Time necessary to carry out a transport with a stretcher is on
average about 14 minutes, because the porter has to retrieve the stretcher in
the radiology ward and then carry out the transport.

Queues The average number of requests waiting to be accepted is equal to 4 units.
Resources * The most used human resources during the execution of the service are
porters (48%) and telephone operators (74%).

» The most used material resources are the telephone (74%) and the
wheelchair (25%).

» The critical resources are the telephone and the switchboard operator,
slowing down the process execution as they are not able to accommodate
multiple requests at the same time.

» Hiring new human resources could be unprofitable, as less than half of
porters are in activity at a precise moment in time.

Table 4 shows the confidence intervals for the most significant results regarding
Entities, Processes and Resources of the model in Arena.

Table 4. Confidence intervals for results of the simulation.

Arena Modules' statistics Confidence interval 95%
Entity Wait Time 5.00 6.01
Process - Taking charge of request - NumberInQueue 4.02 4.89
Process - Taking charge of request, Queue, WaitingTime 5.00 6.00
Process - Taking charge of request - WaitTimePerEntity 5.00 6.00
Process - Transport with stretcher - Total TimePerEntity 14.35 14.43
Resource - Operator.Utilization 47.81 48.58
Resource - Telephone Operator.Utilization 36.75 37.30
Resource - Telephone.NumberBusy 73.51 74.60
Resource - Telephone.Utilization 73.51 74.60
Resource - Wheelchair. Utilization 25.01 25.98

The results highlighted some problems in the current configuration of the service
and allowed the development of some improvement strategies. By making some
changes to the system, it was possible to reduce both the number of requests in the
queue and the duration of their processing, and the time required to carry out a
transport by stretcher. The strategies consider the essential role of collaborative
participation of the service provider personnel, and the need to define patient-centred
scenarios, as follows.
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First scenario. The first scenario aims to increase the number of transports by
stretcher completed and generally to reduce the time required to carry out a transport
with this transportation. By allocating the 150 stretchers currently available in a
proportionate way in the various wards/services, porters can carry out the transport in
a shorter time. From a modelling point of view, it was sufficient to eliminate from the
duration of the “Transport with stretcher” process, the part of time dedicated to the
recovery of the transportation. With this change the average time to carry out a
transport by stretcher has decreased by 4 minutes, becoming just over 10 minutes, and
the average number of transports completed by stretcher has increased by 2 units. In
addition, this variation has caused a further reduction in the percentage of use by
stretcher, from 5% to 3.6%. A final observation concerns the Radiology ward. If the
stretchers were no longer stationed in this ward, but were allocated directly at the
departure and destination wards/services, there would be an important recovery of
physical space and a clear improvement in the working conditions of the healthcare
personnel.

Second scenario. The second scenario aims to further modify the first one, in order to
reduce the waiting time required to accept a request. The first solution consists in
adding one more material resource than the one already present. To do this, it is
satisfactory to increase the capacity of the “Telephone” resource by one unit. Having
two phones instead of one, the waiting time would be reduced by a considerable
amount. Furthermore, it would not be necessary to hire a new human resource, as
those already present would be sufficient to guarantee the reception of requests, also
coming from the second telephone. Thus, in this way, the workload of the two human
resources would be equally distributed. With the addition of the new resource, the
waiting time needed to accept a request became approximately 8 seconds (before this
change it was 5 minutes). In addition, the number of received and fulfilled requests,
increased by 2 units and the number of Work in Progress requests decreased by 6
units. Finally, the results in terms of instant use of resources, show how well the
switchboard operators’ workload is balanced, as their occupation is 37%.

Third scenario. The third scenario suggests an alternative solution to the waiting
time problem for receiving a request. The basic idea is the following: if the distinction
between scheduled and unscheduled requests were made prior or sufficiently in
advance, the queue in the reception would be almost completely extinguished. In this
way, only unscheduled requests would be accepted by telephone, while those
scheduled would be communicated by means of a paper sheet. To implement this
solution, it was necessary to make some changes to the model by eliminating the
block decide “Kind of request” and halving the amount of incoming requests per time
interval. As regards to human and material resources, the following considerations
were made:
* the human resource responsible to accommodate unscheduled requests by
telephone, remains one, while the second resource deals with the
organisation of scheduled transport;
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* on the other hand, the capacity of the carrier and transportation resources
remain unchanged, as the unscheduled request always takes priority over the
scheduled one.

Also with this alternative, the waiting time to accept a request is equal to 21
seconds, slightly higher than that of the second scenario but in any case, much better
than the real one. What improves compared to the real model and compared to the
second scenario is the difference between the number of requests accepted and
completed and the number of requests accepted, but not completed, which is
approximately equal to 3 units. Finally, as in the case of the second, the results in
terms of instantaneous use of resources show how much the workload of the
switchboard operators is balanced, as their employment is 37%.

Results of improvement scenarios. Figure 2 highlights the key improvements in
terms of waiting times in the second and third scenarios. The proposed scenarios
were evaluated by the staff of the patient transportation service provider, and was
characterised by a continuous questioning between them. Moreover, they performed
systematic questioning aimed at checking that the patient's safety and his/her life were
considered absolute and inviolable priorities.

Waiting time (s) to accept a request

11l Scenario |

1l Scenario :l

Reality I
0 50 100 150 200 250 300 350
Reality Il Scenario 1l Scenario
[m] 300 8 21

Fig. 2. Comparison of waiting times (in seconds) for accepting a request in reality
(model as-is) and in the two proposed improvement scenarios.

5 Conclusions

This work presented a simulation-based approach for identifying possible
improvements in the patient transportation service in hospitals. By using the Arena
software, we analysed the service model in an Italian hospital and the variations in the
human, physical and intangible resources that could improve the service performance,
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with a focus on the operations adding value in terms of time and collaborative
behaviours among patients and operators. Results show the importance of analysing
the organisation and management of transportation service operations with the
collection of multiple data, and to consider the collaborative behaviours between the
operators and the patients in the accommodation of requests.

Despite the limited generalizability of the detailed data of a single case, the results
of the model in terms of Entities, Processes, Queues and Resources can be adopted for
the analysis of different hospital services. The application of the simulation in the
literature on in-hospital patient transportation service is still limited, but the
exploitation of this tool in a participated development project allows to collect several
data on service operations from multiple sources, and to map different scenarios
according to the organisation’s objectives and improvement areas.

Acknowledgments. The authors wish to thank Eng. Alberto Coppi of Azienda USL
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