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Abstract

Outpatient clinics are demanding more consideration to enhance their performance and
quality of care. This paper presents a thorough exploration of the outpatient clinics’
environment at a local hospital. The ophthalmology outpatient clinic was selected for a case
study. To this end, the total visit time and service times at stations were collected and fed into
a Discrete Event Simulation (DES) model. The model was validated through a statistical
comparison with the performance of the real system. Various improvement alternatives were
then proposed and investigated using the DES model. Key performance indicators of the
system, including expected waiting time and expected visit length, were traced. Findings
indicated that many improvement scenarios could be applied with significant amounts of
reduction in waiting time up to 29 % and visit length up to 19 % without investing in new

resources.
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1. INTRODUCTION

Healthcare services, like many other services, experience an increasing pressure to advance
the level of quality provided to patients [1]. Key care dimensions, as judged by patients,
include accessibility, timeliness and effectiveness of care [2]. Unlike inpatient clinics,
outpatient clinics are characterized by rapid growth, variability, uncertainty in demand, and
fast daily pace [3]. Such characteristics necessitate efforts to explore improvement
opportunities at these clinics [4]. Today, waste reduction lean principles have been
successfully applied in the healthcare environment enabling hospitals and clinics to enhance
their performance and quality as perceived by their patients [5, 6]. In healthcare, lean thinking
contributed to the performance improving of processes by smoothing patient flow, utilizing
resources effectively and determining operational decision-making choices [7].

Many researchers used lean philosophies and tools to run successful projects in healthcare
organizations. An inpatient pharmacy at a local Jordanian hospital achieved a reduction in
lead time by utilizing lean concepts [8]. The authors reported savings of more than 45 % in
the drug dispensing cycle time. Bolton Hospital blood labs successfully eliminated 57 steps
from the routine blood sample’s journey through workplace redesign and process
simplification [9]. Many studies used Discrete Event Simulation (DES) to model, analyse and
improve the manufacturing sector. In [10], the authors used DES to model a flow line where
production speed of a machine is regulated by the length of queue. The authors studied the
impact of the several production parameters on the performance of the system and used the
simulation package to optimize the system under the predefined conditions. In [11], the
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authors presented a general DES model for an unreliable and an unbalanced transfer line with
no intermediate buffers. Statistical investigations show that the outputs of the DES model
were significantly different from those obtained using approximation techniques from the
literature. In [12], the authors used DES to test the relative advantages of process and cellular
layouts under various production factors and strategies. Results obtained from the study show
that a layout alternative may lose its advantage when considering part routing, and queuing
and job overlapping strategies. In [13], the authors illustrated the impact of the poor choice of
failure parameters and distributions on the outputs of DES models of a production line.
Moreover, the authors showed that placing unreliable machines towards the end of the
production line can improve the throughput of the line.

In the healthcare sector, DES was used in [14] to model and investigate possible
improvements at the radiation therapy facility at British Columbia Cancer Agency. The model
reduced planning time by more than 20 % and resulted in a scenario that reduced the length
and variability of oncologist delays. In [15], the researchers evaluated the impact of different
appointment and patient-doctor allocation strategies on the cycle time of patients clinical
visits, Based on simulation model projections, it was found that the appointment system
reduced the median and the 95™ percentile cycle times for appointment patients, where the
walk in allocations did not provide effective contribution to the overall cycle time reduction.
In [16], the authors used DES and six-sigma to enhance the performance at the emergency
department (ED) of a Jordanian hospital. The authors suggested and tested a triage process
and reported 34 % reduction in Length of Stay (LOS) and 61 % reduction in patients waiting
time. In [17], a regional Australian emergency department used DES to evaluate the impact of
various staffing levels on service efficiency. The model helped department management
determine the optimal number of medical personnel required to maximize patient throughput.

This paper investigates patients’ flow in an ophthalmology outpatient clinic of a local
hospital. The study aimed at identifying and eliminating root causes behind the long waiting
times and the long total visit times of concern to patients. Information about the work
procedures and problems at the ophthalmology clinic were obtained through interviews with
medical personnel and patients, and were validated against survey results at the quality
department. Processes and work procedures in the clinic were defined and service times were
measured and analysed. The processes at the clinic were then modelled and validated using an
Arena DES Software. Several improvement scenarios were suggested and tested using the
model and potential savings are reported. The proposed scenarios took into account arrival
patterns of patients and scheduling practices used at the clinic. The work was locally
supervised by the head nurse, resident doctor and the quality supervisor.

The rest of the paper is organized as follows. The next section provides an overview of
operations at the clinic. Section three discusses the DES model. Section four presents
improvement scenarios and results. The final section provides concluding remarks.

2. OVERVIEW

Outpatient clinics are medical facilities that provide healthcare to non-hospitalized patients.
Patients visit the clinic on daily basis for consultation, diagnosis, treatment and follow up
treatment [18]. In this study, outpatient clinics are located in the hospital campus, have similar
layouts, and have the same work policies. Clinics work two shifts namely 8:00am to 12:00pm
and 1:00pm to 5:00pm. The investigated ophthalmology clinic has four examination rooms
and is staffed by one clerk, one medical record receptionist, three nurses, three resident
doctors and one specialist doctor. The clinic operates three days a week and serves an average
of 64 patients per day. Other weekly work days are dedicated for tests and examinations
provided by technicians. The Pareto chart, illustrated in Fig. 1, shows categories of patients’
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complaints according to a survey by the hospital quality department. Among the many, long
waiting times, congestions and incomplete treatments are the most reported deficiencies.
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Figure 1: Patients complaints at outpatient clinics.

Fig. 2 shows the process map configuration and the patient flow during a typical visit to
the ophthalmology outpatient clinic. Patients arriving at the clerk station are classified into
patients with pre-booked appointments and walk-in patients. The clerk is authorized to accept
around 5 % of the total clinic capacity as walk-ins on a first come first served base. After
registration at the clerk, the patient arrives at the medical record (MR) receptionist to provide
personal and visit information to be documented into the patient’s MR file. The MR files of
booked patients should be ready at this station prior to shift time. MR files are ordered from
the MR department in variable size batches based on patients’ arrival rate. The clinical
diagnosis starts at the nurse station with routine tests and examinations. In addition, nurses are
tasked to instruct patients on treatment options and risks, discuss any related medical history,
and accompany the patient to the Resident Dr. station (the treatment room), where intensive
diagnosis begins. If tests are needed, the patient leaves the treatment room either to the nurse
station in a second contact for tests at the clinic or to radiology or laboratories within the
hospital campus for an out of clinic test. If test results are obtained during the same work day,
the patient returns to Resident Dr. station at the ophthalmology clinic to continue the care
journey. Otherwise, the patient is dispensed and is rescheduled for a next appointment.
Following the evaluation/treatment by the resident doctor, the patient is either discharged or is
diverged to the Specialist Dr. station.

3. THE DES CLINIC MODEL

The flow of patients between stations, as described in the previous section, is simulated using
Rockwell Arena DES software [19] and [20]. The DES model aims at understanding the
performance of the current state of the clinic and to investigate potential improvement
scenarios [21]. Therefore, data and information concerning patient arrival pattern and service
times at each station were collected and validated.

Patient arrival pattern reflects the commuting of patients to stations in the system [22]. In
outpatient clinics, the pattern is fairly predictable and follows a clear path as illustrated in Fig.
2. However, it is observed that patients tend to arrive up to two hours earlier than the time of
the appointment. Fig. 3 shows a 5 weeks average of patient arrival rates clerk station over a
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work day expressed in number of patients attend per a 15 minutes period. The figure shows
that patients cluster at the beginning of each shift that is patients are more likely to attend
early. Patients keep flowing to the clinic during the break time. Moreover, patients rarely
attend after 3:00 pm.
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Figure 2: Process Map for the Ophthalmology Outpatient Clinic.
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Figure 3: Patients arrival rate per 15 minutes period (from 8:00 am to 2:45 pm).
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A time study was conducted to measure the service time at each station and the total visit
time (the time elapses patient’s arrival and departure) for samples of patients. Table I and
Table II present samples of collected data. Using Arena input analyser, service times are
analysed and the best fit distributions are indicated as illustrated in Table III. For a 0.05 type I
error (a - error), the Specialist doctor station’s service distribution is rejected as p < a [23].
Therefore, an empirical discrete fit for the Specialist Dr. station is used instead. Clinic staff
estimated that ordering and preparing medical records for walk-in patients take about 30
minutes. Moreover, they estimated that radiology or a laboratory test would take 20 minutes
on average. From Table I and Fig. 2, a patient is expected to spend around 73.2 minutes in the
clinic if she/he visits all stations. On the other hand, Table II shows that a patient spends
about 140 minutes on average in the clinic. This indicates that patients spend long times

waiting for services at the stations.

Table I: Sample service times (minutes) at each station.

Sample # | Clerk MR‘ Nurse 1% !}es. Dr. Nurse 2" | Res. Dr.2™ | Specialist
Reception contact 1% contact contact contact Dr.
1 4 5 16 26 5 20 12
2 3 7 8 30 3 16 8
3 5 5 8 25 4 14 10
4 4 5 5 22 7 30 16
5 2 6 12 18 5 25 13
6 3 3 10 32 6 20 7
7 4 6 3 19 4 12 19
8 5 4 7 17 6 15 5
9 2 5 10 28 5 18 15
10 2 6 3 20 4 14 8
11 4 3 11 30 4 22 7
12 4 6 6 28 7 15 10
13 3 5 5 22 5 17 12
14 3 7 14 32 6 15 8
15 4 3 8 18 6 20 14
16 2 5 8 23 8 15 13
17 4 4 4 17 3 17 12
18 3 5 13 32 4 13 8
19 5 6 7 20 6 12 7
20 4 5 10 24 7 17 12
21 2 4 5 19 4 11 6
22 5 4 10 18 5 19 10
23 5 6 12 23 6 23 12
24 5 4 13 27 8 15 14
25 3 5 9 21 4 16 15
26 6 5 9 15 3 14 9
27 4 6 2 18 4 20 8
28 2 7 6 22 4 29 12
29 4 4 5 15 6 25 8
30 3 6 7 17 5 17 11
Mean 3.63 5.07 8.20 22.60 5.13 17.87 10.70
St. Dev. | 1.13 1.14 3.51 5.28 1.41 4.81 3.32
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Table II: Sample of patients visit times (hours).

Sample # | Attendance at | Departure at | Visit time (hours)
1 09:15 01:00 3.85
2 12:10 02:15 2.05
3 01:00 03:40 2.40
4 07:43 11:26 3.43
5 09:48 11:15 1.27
6 08:20 01:05 4.45
7 02:22 05:32 3.10
8 02:35 04:50 2.15
9 08:04 11:36 3.32
10 02:30 03:50 1.20
11 07:50 09:45 1.55
12 09:43 11:25 1.42
13 10:13 11:30 1.17
14 09:40 01:00 3.20
15 12:20 03:45 3.25
16 08:00 10:15 2.15
17 10:25 01:00 2.35
18 01:00 03:20 2.20
19 02:00 04:00 2.00
20 09:15 11:45 2.30
21 10:00 01:15 3.15
22 01:33 03:20 1.47
23 11:10 02:05 2.55
24 12:15 02:20 2.05
25 08:10 11:16 3.06
26 08:27 11:50 3.23
27 10:45 01:05 2.60
28 01:10 03:25 2.15
29 07:55 10:30 2.35
30 08:10 11:15 3.05

Mean 2.33
St. Dev. 0.99

Figure 4 illustrates the Arena simulation model used in the study. To analyse the current
state and to validate the model, 30 runs of 9 hours long each (a replication represents one
work day) resulted in an average waiting time of 107.92 minutes and an average total visit
time of 160.31 minutes for scheduled patients. Table IV presents queuing times and average
number of patients in queue at each station. Results show that the longest time a patient
spends waiting is at the queue of Resident Dr. station indicating that it is the bottleneck
station, not the specialist doctor as most of patients and clinic staff think. Results are validated
by conducting Student’s #-test, with a = 0.05, on total waiting time. A result of p-value = 0.22
failed to reject the null hypothesis that assumes no difference between the model and the
actual clinic performance.
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Table III: Statistics of clinical data of service times (minutes) for stations.
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Figure 4: Arena simulation model of the ophthalmology outpatient clinic.
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Table IV: Current state analysis: Expected waiting time in queue (minutes); Expected number

of patients waiting in queue; and Utilization.

Station Waiting time | Number waiting | Utilization
Clerk 22.73 £3.15 2.66 0.40
MR reception 6.10+1.12 0.70 0.44
Nurse 0.82+0.23 0.10 0.33
Resident Dr. 77.98 £12.97 10.90 0.79
Specialist Dr. 9.49 +1.60 0.42 0.49

4. IMPROVEMENT SCENARIOS AND RESULTS

This section presents four improvement scenarios of which only one scenario requires
investment in capacity building namely expanding the bottleneck station by adding a resident
doctor.

Scenario 1: Controlling Arrival Patterns

In this scenario, we base our improvement proposal on the arrival behaviour of patients. It
is noticed that each patient hasten to get serviced earlier than others believing that the clinic’s
service policy is First in First out (FIFO). This explains the clusters of patients at the early
beginning of work shifts that result in congestions in the clinic. Therefore, we propose that a
patient is allowed to register and pay at the clerk station no more than 30 minutes prior to
her/his appointment time emphasizing that the service policy upon scheduled appointments is
not FIFO except for walk-ins patients.

Scenario 2: Rescheduled resources

In this scenario, we propose that a limited capacity of the medical staff operate during the
break hour between the two shifts. In other words, not all nurses and doctors take their break
at the same time. To this end, we propose that two nurses and two resident doctors have their
break times from 1:00 pm to 2:00 pm instead of 12:00 pm to 1:00 pm. The schedules would
be cyclical among staff members to balance the slight differences in their utilizations.

Scenario 3: Combining scenarios 1 and 2
This scenario aims at combining the advantages of regulating the arrival pattern and that
of rescheduling resources.

Scenario 4: Capacity building

In this scenario, the capacity of the bottleneck station is increased by hiring an additional
resident doctor. Although this solution increases costs and is not applicable due to the clinic’s
facility limitations, it can be tested and simulated for potential future investment.

The DES model is adjusted to account for each scenario. The model alternatives are
simulated to replicate 30 work days of 9 hours each. Table V presents potential savings of the
proposed scenarios over the current state of the clinic. Results show the significant
improvements are achievable by implementing any of the proposed scenarios. Applying
scenario 3 that combines the advantages of scenarios 1 and 2 yields almost equivalent benefit
to increasing the capacity of the bottleneck operation (scenario 4). Moreover, the table
illustrates the impact of patient type (scheduled and walk in patients) on expected waiting
time and total time of the visit. As seen in the table, walk in patients are likely to wait more
than scheduled patients at the various stations of the clinic. Table VI shows a comparison
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between the results obtained from applying scenario 3 and the current state in terms of the
performance of the individual work stations. Results show that the number of patients at the
longest queue is noticed to drop from 10.9 (Table IV) to 7.5 patients with a slight increase in
the utilization at the Resident Dr. station. In addition, the average number of served patients
per work day increased by more than 13 %. On the down side, the increase in the number of
served patients increases the utilization of the staff members of the clinic as seen in the table.
Moreover, although the number of patients in the nurse station’s queue largely increased in
percentage, the expected number of patients in that queue is still less than one. Obtained
results were presented to the quality department at the hospital for validation and pilot
implementation.

Table V: Waiting time and Total visit time for the different improvement scenarios.

Total visit % reduction in ...
. Patient Waiting time v over current state
Scenario . time e -
type (minutes) . Waiting Total visit
(minutes) . .
time time
Current Scheduled | 107.92+12.71 | 160.31 +12.69 - -
state Walk in 120.03 £27.38 | 286.49 +6.93 - -
Scheduled 80.96 £ 9.93 136.02 +£9.78 25 15
Scenario 1
Walk in 110.65 +25.56 307.75 £ 8.13 8 (7)
Scheduled 94.72 +£13.28 147.73 £ 13.34 12 8
Scenario 2
Walk in 112.33 £22.38 279.40 +£7.93 6 2
Scheduled 76.49 +7.82 130.32 £ 7.65 29 19
Scenario 3
Walk in 93.60 +23.48 294.39 + 8.40 22 3)
Scheduled | 77.04 £12.438 | 123.61 +12.43 29 23
Scenario 4
Walk in 86.87 +£17.03 139.88 £22.74 28 51

Table VI: A comparison between Scenario 3 and current state in terms of expected waiting
time in queue (minutes); expected number of patients waiting in queue; and utilization.

Scenario 3 % reduction in ... over current state
Station Wt?li;ieng ljv]::tlll::: Utilization Wt?lirtlieng ljvl:iltlil:g Utilization
Clerk 19.18 £2.80 2.32 0.42 16 13 (5)
MR reception | 3.77 +0.66 0.45 0.45 38 36 2)
Nurse 4.1 +£0.68 0.54 0.38 (400) (440) (15)
Resident Dr. 50.57 £7.36 7.5 0.82 35 31 4)
Specialist Dr. | 4.41 +1.00 0.19 0.46 54 55 6
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S. CONCLUSIONS

The paper presents a DES study of the performance of the ophthalmology outpatient clinic of
a local hospital. The study was locally supervised by the head nurse, a resident doctor and the
quality supervisor. Information concerning customer complaints and work practices and
procedures were obtained and validated through interviews with a medical personnel, patients
and the quality department of the hospital. A survey of patients’ complaints showed that
waiting and lengthy visit times are key performance indicators of the system that impact
satisfaction. Four improvement scenarios are tested where findings illustrated the significant
reductions in waiting time and visit length attainable from implementing the proposed
improvements. The proposed scenarios focused mainly on controlling the arrival pattern of
patients and the operation schedule of the clinic. Results obtained from cost free scenarios
were comparable to that attained from expanding the capacity at the bottleneck operation.
Potential savings of up to 29 % in waiting time and up to 19 % in total visit length are
attainable without investing in new resources. The study illustrates the usability of DES in
modelling and improving the performance in healthcare services. Although results obtained
from the current study may vary based on the characteristics of a system, the study approach
and improvement scenarios can be generalized to improve similar healthcare systems.
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