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Abstract

This paper analyzes the appointment scheduling systems in specialist outpatient clinics (SOC)
to determine the optimal number of appointments to be planned in one session under different
performance indicators and consult room configurations. A discrete event simulation model is
constructed to model the workflow of a SOC considering three consult room configurations.
Ground data are collected to generate model parameters including consult time, no-show rate
and lateness rate. An appointment rule based on Bailey’s rule is proposed to generate
appointments with various numbers of planned appointments in one session. Simulation
results are measured by performance indicators including patient queue, patient waiting time,
doctor utilization and doctor overtime. Simulation results show that the optimal number of
planned appointments varies according to different operational requirements and consult room
configurations. Study in this paper provides a guideline to choose the optimal number of

planned appointments according to specific requirements.
(Received in December 2008, accepted in May 2009. This paper was with the authors 2 months for 2 revisions.)
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1. INTRODUCTION

An outpatient clinic is a private or public healthcare facility which is devoted to diagnoses and
treatments of outpatients [1]. There are many types of outpatient clinics and functions of
clinics vary from country to country [2]. For example, a general outpatient clinic provides
general treatments for patients of all kinds of diseases. A specialist clinic offers sophisticated
diagnoses and treatments for a specific disease. In Singapore, there are mainly three types of
outpatient clinics: general practitioner (GP), polyclinic and specialist outpatient clinics (SOC).
GP is a private medical practitioner who provides consultation and medicine in the
neighbourhood. Polyclinic is a government clinic covering a wide range of treatments for
subsidized patients. SOC is clinics associated with hospitals and medical centres. Each SOC is
specialized on one type of diseases, e.g., orthopedic clinic, ear, nose and throat clinic, eye
clinic.

Among the three types of outpatient clinics, GP and polyclinic mainly accept walk-in
patients and SOC mainly accepts patients with appointments. Patients are referred to SOC by
GP or polyclinics. Schedulers in SOC make an appointment for each referred patient by
picking up a free slot of a specific specialist through the appointment management system.
The number of available slots is determined by multiple factors, e.g., doctor workload, target
revenue. Compared to walk-in based clinic, SOC has several advantages [3], e.g., patients are
able to see their preferred doctors and continue to see the same doctor for their follow-up
visits; waiting time of patients with appointments is usually less than those walk-in patients.

An SOC itself is a complex system which contains complex workflow and various
uncertainties. Many constraints should be considered during the appointment scheduling
phase. One the system side, many doctors work in an SOC simultaneously. Hence the
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scheduling system is required to handle multiple appointment lists and solve possible conflicts
on resources. On the patient side, each patient has his preferred doctor. Patient flow varies
case by case, e.g., pre or post lab tests or x-ray check incur to some patients. On the doctor
side, each doctor has his preference on his appointment such as the number of patients
arranged in one session. Besides above mentioned constraints, numbers of uncertainties exist
in an SOC. For example, patients may not show up on the day of their appointments and may
arrive later than the scheduled appointment time. Further, the consult time of each patient
varies case by case. All above mentioned uncertainties cause fluctuation and are possible
factors leading to long patient waiting time and doctor overtime in an SOC.

In this paper, study is conducted to improve the appointment scheduling of an orthopedic
clinic (Clinic B) in a public hospital in Singapore. Clinic B is a big SOC including 18 consult
rooms and 50 doctors. Three types of consult room configurations are currently applied in
Clinics B, which are respectively consult rooms with one doctor, two doctors and three
doctors. Four key performance indicators are used to measure the performance of Clinic B,
which are respectively patient queue, patient waiting time, doctor utilization and doctor
overtime. Currently, problems existing in Clinic B include long patient queue, long patient
waiting patient and doctor overtime. The management wishes to apply better appointment
schedules to improve SOC performance measured by four key performance indicators.

Appointment rules are methods used to generate an appointment schedule by arranging
the order and time slots for each appointment. Numbers of appointment rules have been
proposed to resolve the problem of long patient waiting time and doctor overtime. As early as
the 1950s, [4] proposed an appointment rule known as the Bailey’s rule. The basis of Bailey’s
rule is to book two appointments at the beginning of a session, which is known as initial block.
Successive appointments are then booked one by one at the interval of mean consult time. A
similar rule was proposed in [5, 6]. Other than booking one patient in one time slot, several
research works also proposed the idea of booking multiple patients in one time slot. [7]
proposed a rule which booked two patients in each time slot. [8, 9] argued that it was better to
book different number of patients in different time slots.

All the appointment rules mentioned above have fixed intervals between two successive
appointments. There are quite a few rules with flexible intervals, which can be classified into
two approaches. The first approach determines the intervals by patient type. Such an approach
is quite popular in real application. It is a common practice for clinic staff to assign different
intervals for new patients and follow-up patients [10]. The second approach adjusted the
intervals according to different time of the session. [11] pointed out that it was helpful to
arrange a longer interval at the latter part of the session compared to the early part of the
session. [12] pointed out that the intervals should follow an increase then decrease manner.
For a more comprehensive review of various appointment rules, refer to [13, 14].

In this paper, an appointment rule based on Bailey’s rule is proposed to help Clinic B
reduce patient waiting time and doctor overtime. Compared to the original Bailey’s rule, the
new proposed appointment rule handles various consult room configurations by assigning
different size of initial blocks. The appointment interval is also adjustable according to the
demand. The newly proposed appointment rule is more appropriate in applications described
in this paper because there are three consult room configurations in Clinic B and the demand
for each consult room varies greatly.

Discrete event models are widely applied to simulate the appointment scheduling
problems in outpatient system [15-19]. In this paper, a discrete event model is constructed to
simulate the workflow of Clinic B. Three consult room configurations are modelled
respectively. Various appointment schedules generated by the newly proposed appointment
rule are tested in the simulation model. Relationship between the number of planned
appointments and four key performance indicators on different confidence levels is provided.
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The rest of this paper is organized as follows: Workflow of SOC is described followed by
a discrete simulation model based on the workflow; Simulation results and analysis are then
given; conclusion is drawn in the end.

2. METHODS AND MODELS

2.1 Workflow of SOC

Workflow of the SOC studied in this paper is illustrated in Fig. 1. A patient arrives at the SOC

and registers at the registration counter first. He then joins the queue outside the consult room

where his appointed specialist is stationed. When his name is called, he enters the consult
room to begin his consultation. When the consultation is over, he proceeds to the cash counter
to pay the bill and leaves the SOC. Patient no-show and lateness is considered in this paper.

Some patients in the appointment schedule may not show up on the day of their appointments

and some patients may come later than the appointment time.

Three different consult room configurations are considered in this paper:

1. Consult room with one doctor. One doctor in the consult room. All patients visit the
doctor once.

2. Consult room with two doctors. One senior doctor and one junior doctor work together
in one consult room. The junior doctor conducts the first consultation supervised by the
senior doctor. The senior doctor conducts the second consultation if needed. All patients
go through the first consultation, 20 % of the patients go through the second consultation.

3. Consult room with three doctors. Three doctors cooperate in one consult room. Each
doctor is in charge of one of three procedures including wound inspection, consultation
and cast. One patient goes though one or more procedures in sequence. 35 % of the
patients go through wound inspection, 70 % of the patients go through consultation and 20
% of the patients go through cast.
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Figure 1: Workflow of SOC studied in this paper.
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2.2 Construction of simulation model

Fig. 2 illustrates the simulation model based on the workflow described in the previous
section. Several assumptions are made based on the ground data collected:

e Registration time and payment time is negligible compared to the consult time. Hence
they are not considered in this paper.

e Each patient visits one of three consult rooms once and only once.

¢ No significant difference of consult time between new patients and follow-up patients.

Hence such difference is not considered in this paper.

e All doctors are punctual and the difference of consult time among doctors is not
considered.

e Patient earliness is not considered in this paper.

e The SOC is purely appointment-based. No walk-in patients are considered.

The simulation model was constructed using Simul8® 2008 professional [20]. Internal
mechanisms such as patient arrival, no-show, lateness and routes inside the clinic were
constructed by Visual Logic® [21], a scripting language provided in Simul8® 2008
professional. Parameters in the simulation models are listed as follows:

e Session duration. The opening hours of a specific SOC.
e Distribution of arrival. The interval between two consecutive arrivals.
e No-show rate. Ratio of the patients who do not show up on the day of their appointments.
e Lateness rate. Ratio of the patients who arrive at the SOC later than their appointment
time.
e Distribution of consult time. Time spent in the consult room for each patient.
Manual survey was conducted in Clinic B to collect ground data for a period of two weeks.
A survey form was used to keep track of the activity of each patient including arrival time,
start time, leaving time, etc, which were used to estimate model parameters. Estimated
parameters are listed in Table I.

Discrete event simulation of an SOC

1-Dr Consultipg room
o
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Patient Registration _L'_‘f Payment Patient
arrival counter — counter depature
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’. — LB — n g — L‘% —
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e
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Figure 2: Simulation model of an SOC with three types of consult room configurations.

2.3 Rule to generate appointment schedule

The appointment rule applied in this paper extends Bailey’s rule in the following two ways:
Firstly, two-doctor and three-doctor situations are considered. Secondly, the interval between
two appointments is determined by the number of planned appointments per session.
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Table I: Parameters of the simulation model.

Session duration AM session: 9:00 — 12:30
PM session: 14:00 — 17:30
Distribution of arrival t+A

t denotes the appointment time
A denotes patient lateness

No-show rate 20 %

Lateness rate 11.5%

Distribution of lateness (A) Gamma (9.4, 1.6)*

Distribution of consult time One-doctor consult room: Gamma (5.8, 1.2)

Two-doctor consult room: Gamma (4.0, 2.5) for junior doctor,
Lognormal (1.2, 0.9)** for senior doctor.

Three-doctor consult room: Lognormal (2.2, 0.5) for wound
inspection, Gamma (3.3, 3.2) for consultation, Lognormal (2.3,
0.2) for cast.

* Gamma distribution; Gamma (k, 6). ** |_ognormal distribution: Lognormal (x, o).

The rule is described as follows:
e The number of appointments d at the beginning of a session is determined by (1):

2, one-doctor consulting room
d =<3, two-doctor consulting room @
5, three-doctor consulting room

e The interval | between two appointments is calculated by (2):

T-C
! N-d @)
where N denotes the number of planned appointments. T denotes the session duration. C
denotes the cleanup period, a buffer period for a doctor to handle all incomplete
appointments before the end of session.

All appointments are scheduled before the cleanup period. For example, considering a
two-doctor consult room, the session duration is 210 minutes, the cleanup period is 30
minutes, the number of planned appointments is 30. All 30 appointments should be scheduled
30 minutes before the end of session. 3 appointments are scheduled at the start of session. The
interval between the follow-up appointments is calculated by (2), which is 6.67 minutes.

3. RESULTS AND ANALYSIS

All simulations were conducted on a PC with an AMD Athlon X2 1.8GHz CPU. The
operating system was Windows XP SP3. The number of planned appointments ranged from
15 to 60 to reflect the congestion of a consult room. 20 instances were simulated for each
number of planned appointments. Four key performance indicators were used to measure the
performance of the consult rooms. They are respectively patient waiting time, patient queue,
doctor overtime and doctor utilization. Patient waiting time in this paper is defined as consult
start time — max(appointment time, arrival time). Relationship between the number of
planned appointments and four key performance indicators is given on three confidence levels:
50" percentile (median level), 75" percentile (majority level) and 95" percentile (extreme
level).
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3.1 Results and analysis of consult room with one doctor

Table 11 illustrates the result summary of the consult room with one doctor. The number of
planned appointments in one session ranges from 15 to 50. Fig. 3 illustrates the relationship
between four key performance indicators and the number of planned appointments per session.

The 50™ percentile results show the median cases. It is observed from Fig. 3(a) and Fig.
3(b) that when the number of planned appointments is less than 25 in one session, no queue
forms outside the consult room and the patient waiting time is 0. It is observed from Fig. 3(c)
and Fig. 3(d) that in median case, doctors do not work overtime when the number of planned
appointments is 35 or less.

The 95" percentile results show the worst cases. It is observed from Fig. 3(a) and Fig. 3(b)
that queue forms even when the number of planned appointments is 15 and the corresponding
waiting time is about 4 minutes. It is observed from Fig. 3(c) and Fig. 3(d) that in worst case,
doctors have to work overtime when the number of planned appointments is 35 or more.

Table 11: Result summary of consult room with one doctor.

Queue Waiting time (Mins) Overtime (Mins) Utilization (%)
N 50% | 75% [ 95% [50% [75% | 95% |50% | 75% [ 95% [50% | 75% | 95%
15 0 0 1 0 0 4.1 0 0 0 38 40 47
20 0 1 1 0 0.2 6.5 0 0 0 51 53 62
25 0 1 2 0 3.6 7.8 0 0 0 65 67 70
30 1 2 3 4.2 85| 159 0 0 0 80 81 87
35 2 3 41 107 | 155 | 270 0 0 9.8 91 97 103
40 2 4 6| 127 254 | 412 | 105| 162 | 249 100 106 111
45 5 7 11| 299 | 50.7| 745| 395]| 56.0| 685 118 125 132
50 8 11 16 | 493 | 7221027 | 705 | 82.7 ] 100.9 132 139 147
(a) Patient queue vs N (b) Patient waiting time vs N
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Figure 3: Relationship between performance indicators and number of planned appointments
per session in one-doctor consult room.
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3.2 Results of consult room with two doctors

Table 111 illustrates the results summary of the consult room with two doctors. The number of
appointment in one session ranges from 25 to 60. Fig. 4 illustrates the relationship between
four key performance indicators and the number of planned appointments per session.

It is observed from Fig. 4(a) and Fig. 4(b) that in the median case (50 %), when the
number of planned appointments is 30 or less, no queue forms outside the consult room and
the patient waiting time is 0. It is observed from Fig. 4(c) and Fig. 4(d) that in median case
(50 %), doctors do not work overtime when the number of planned appointments is 35 or less.

It is observed from Fig. 4(a) and Fig. 4(b) that in worst case (95 %), queue forms when the
number of planned appointments is 25 and the corresponding waiting time is about 6 minutes.
It is observed from Fig. 4(c) and Fig. 4(d) that in worst case (95 %), doctors have to work
overtime when the number of planned appointments is 40 or more.

Table 111: Result summary of consult room with two doctors.

Queue Waiting time (Mins) Overtime (Mins) Utilization (%)
N 50% | 75% | 95% | 50% | 75% |95% |50% | 75% | 95% |50% | 75% | 95%
25 0 0 1 0 0 5.9 0 0 0 59 60 66
30 0 1 2 0 48| 134 0 0 0 76 81 83
35 1 2 3 5.5 9.6 | 163 0 0 0 87 93 95
40 1 4 7| 134 243 401 45| 145] 323 97 104 113
45 3 6 10| 22.0| 36.7| 605| 305| 40.7| 575 112 117 126
50 4 8 12| 343| 523] 731| 46.0| 557 | 71.0 119 125 131
55 6 10 15| 439 | 634 | 989 | 785]| 86.0]| 100.1 133 138 146
60 10 15 21| 622 | 97.3|131.8 ] 101.0 | 126.0 | 149.9 146 159 169

(a) Patient queue vs N (b) Patient waiting time vs N
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Figure 4: Relationship between performance indicators and number of planned appointments
per session in two-doctor consult room.
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3.3 Results of consult room with three doctors

Table 1V illustrates the results summary of consult room with three doctors. The number of
appointment in one session ranges from 25 to 60. Fig. 5 illustrates the relationship between
four key performance indicators and the number of planned appointments per session.

It is observed from Fig. 5(a) and Fig. 5(b) that in median case (50 %), when the number of
planned appointments is 40 or less, no queue forms outside the consult room, therefore the
patient waiting time is 0. It is observed from Fig. 5(c) and Fig. 5(d) that in median case (50
%), doctors do not work overtime when the number of planned appointments is 50 or less.

It is observed from Fig. 5(a) and Fig. 5(b) that in worst case (95 %), queue forms when the
number of planned appointments is 25 and the corresponding waiting time is about 5 minutes.
It is observed from Fig. 5(c) and Fig. 5(d) that in worst case (95 %), doctors have to work
overtime when the number of planned appointments is 50 or more.

Table 1V: Result summary of consult room with three doctors.

Queue Waiting time (Mins) Overtime (Mins) Utilization (%)
N 50% | 75% | 95% |[50% | 75% [95% |50% |75% |95% |50% | 75% | 95%
25 0 0 1 0 0 5.1 0 0 0 45 47 50
30 0 0 2 0 0 9.6 0 0 0 56 61 67
35 0 1 2 0 1.2 ] 103 0 0 0 65 72 74
40 0 1 2 0 46| 101 0 0 0 73 79 82
45 1 2 3 52| 105]| 1538 0 0 0 86 88 89
50 2 3 5 6.2 13.0] 249 0 75| 105 90 97 102
55 5 7 9| 221 | 299 | 40.7| 265| 29.7| 315 107 110 111
60 5 8 11| 235]| 39.0] 530 320| 42.0]| 553 111 117 120
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Figure 5: Relationship between performance indicators and number of planned appointments
per session in three-doctor consult room.
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3.4 The optimal number of planned appointments under various circumstances

In actual practice, one of the challenges SOC schedulers encounter is to determine the optimal
number of appointment to be arranged in one session to meet various key performance
indicators. Simulation results provide some insights into the relationship between the number
of planned appointments and key performance indicators. This aids clinic staff to make more
informed and efficient decisions. Some examples are provided below:

If the main requirement is to ensure that no more than 10 patients are waiting outside the
consult room at any time, the optimal number of planned appointments per session is 40 for
one-doctor consult room, 45 for two-doctor consult room and 55 for three-doctor consult
room according to the 95 % simulation results of patient queue.

If the main requirement is to ensure that the median patient waiting time does not exceed
10 minutes, the optimal number of planned appointments per session is 30 for one-doctor
consult room, 35 for two-doctor consult room and 50 for three-doctor consult room
respectively according to the 50 % simulation results of patient waiting time.

If the main requirement is that the doctors should work overtime in any cases, the optimal
number of planned appointments per session is 30 for one-doctor consult room, 35 for two-
doctor consult room and 45 for three-doctor consult room respectively according to the 95 %
simulation results of doctor overtime.

Finally, if the main requirement is to ensure that the median doctor utilization is about 80
%, the optimal number of planned appointments per session is 30 for one-doctor consult room,
30 for two-doctor consult room and 40 for three-doctor consult room respectively according
to the 50 % simulation results of doctor utilization.

4. CONCLUSION

This paper analyzed the appointment scheduling systems in specialist outpatient clinics (SOC)
to determine the optimal number of appointments to be planned in one session based on
different performance indicators and consult room configurations. A discrete simulation
model was constructed to describe the daily workflow of SOC. Three types of consult rooms
were considered: consult room with one doctor, consult room with two doctors and consult
room with three doctors. An appointment rule based on Bailey’s rule was proposed to
generate appointment schedule. Both the number of appointments at the beginning of a
session and the intervals between two successive appointments are flexible according to
different consult room configurations.

Extensive ground data were collected to generate model parameters. These include consult
time, no-show rate, lateness rate. Schedules with different numbers of planned appointments
were tested in the simulation model.

Results of the schedules were measured by key performance indicators including patient
queue, patient waiting time, doctor utilization and doctor overtime. Simulation results showed
that the optimal number of planned appointments varied according to different performance
indicators and consult room configurations. A detailed relationship between the number of
planned appointments and four key performance indicators were given in the paper as well.

Simulation results in this paper are based on the several assumptions. For example, all
doctors are assumed to be identical. As part of future research effort, difference among
doctors can be considered and appointment schedules can be customized to the specific doctor.
In this paper, trade-off between key performance indicators is not considered. Such a trade-off
can be studied in the future research. Other directions of the future research effort include
considering more complex workflow and exploring more efficient appointment rules.
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