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Abstract: The recently introduced Patients’ Charter offers patients in the United Kingdom a guaranteed
minimum quality of service when they require hospital treatment. For example, the following guarantees
are offered:

1. No patient should be required to spend more than one year awaiting an offer of an appointment
with a Consultant

2. Patients should not be expected to wait in clinic for more than 30 minutes without seeing a doctor.

Health economists are active in devising strategies and systems to deal with these enhanced patient
expectations.

In this paper, we describe the work of an interdisciplinary team, funded by the UK National Health
Service Research and Development which investigated computer simulation of clinic queues to provide
further insight into the problem and to produce computer software that can assist in clinic optimisation.

As background, we describe existing clinic simulation packages (CliniQueue and CLINSIM) and then we
focus on the problem of controlling patient waiting time in an ambulatory medicine clinic where patient
non-attendance is a major factor influencing waiting times.

We provide details of a Matlab simulation we have developed that provides advice for clinic managers
on planning clinic structures. We consider how many doctors and support staff should be allocated to
the clinic and how many appointments should be made, in order to reduce the sensitivity of the waiting
times in the model to varying levels of patient non-attendance.

Our model is able to predict the effect of changes in the clinic structure (such as those caused by doctor
illness) and assists in the development of a more robust and stable clinic scheme.

Introduction
In this paper we describe our work in developing insights that will help in improving the efficient
operation of a hospital clinic. We focus on an ambulatory medicine clinic, where patients travel to the
hospital from their homes. They may travel on foot or by public transport or by specially provided
hospital transport. It is common for patients to arrive at the wrong times for their appointments (as a
result of the travel arrangements) and several patients may arrive at the same moment. The patients
are typically elderly and infirm and this means that the clinic suffers a large patient non-attendance
rate, and this rate varies widely and is particularly dependent upon the weather.

Against this background, the clinic needs to repond to present notions of efficiency:

1. The clinic must seek to maximise the number of patients treated, thereby maximising the total
revenue

2. The clinic must operate in an environment where efficiency gains are anticipated by the funding
providers and built into the funding mechanism. In effect, it must be assumed that the cost of
treating each patient must fall year on year.

3. Under the Patients’ Charter, no patient must wait more than one year for their first appoint-
ment and nine out of ten must be seen within 13 weeks.
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4. Under the Patients’ Charter, every patient must be seen within 30 minutes of their scheduled
appointment time.

It is evident that optimising clinic operation against these criteria is a complex problem. The
requirement to maximise patient throughput and reduce unit costs makes it infeasible to build in
excess capacity, while the demand for short waiting times is difficult to achieve against the unpre-
dictability of patient arrival times and high non-attendance rates. The particular problem here is the
high non-attendance rate that must be assumed. It is therefore essential to make sufficiently many
appointments to ensure the clinic has enough patients to function efficiently, but to take account of
the possibility that the non-attendance rate will fall suddenly and therefore more patients will attend
than was anticipated.

The problem of attempting to improve the efficiency of clinic queues is not a new one. References
[1], [2], [4] and [6] consider previous work in the area. The distinctive feature of our work is that we
have considered whether the clinic structures may be made more robust (so that the waiting times
become less sensitive to variations in patient arrival times or non-attendance) and we have set our
work in the context of current requirements for the operation of hospital clinics in the UK.

Simulation of Clinic Queues

The issues raised in the Introduction identify two distinct queues within the clinic system. Patients
who are referred by their doctors for treatment at the clinic are put into a queue (the waiting list)
while they wait to be allocated their first clinic appointment. Within each day when the clinic
operates, queues build up within the clinic. In the context of the present paper, we will consider
only the queues that build up within the clinic. The thesis [3] considers both types of queue and
strategies for improving patient care by varying the management of the waiting list queue. For the
present, we remark that the efficient management of the operation of the clinic itself (and therefore
the maximisation of the number of patients treated) is the key to reducing time spent on the waiting
list.

The use of computer simulations of hospital clinic queues is well-established. Computer software
packages are readily available that are designed to provide simulated output based on a wide range of
parameters describing the operation of the clinic. Readers interested in pursuing this further should
refer to the works [7] and [8], for example. A review of these approaches is contained in the thesis
[3].

The clinic queue that we consider may be thought of as a quasi-parallel processing queue (figure
1). This is the type of system commonly employed in hospital clinics where all patients are seen by a
triage nurse who determines their route through the system. The aim is to ensure that patients see
the appropriate doctor and that as many of the appropriate tests as possible are completed before
the patient first sees the doctor (thereby reducing the number of patients who must queue to see the
doctor more than once).
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Figure 1: The triage nurse directs patients to take tests and then to join a doctor’s queue

There are many variables that effect the way in which a clinic operates (and many of these are
taken into account in simulation packages such as CLINSIM). For example new patients may have
a different expected consultation time with the doctor from follow-up patients. There may also
be a dependency upon the availability of nurses and ancilliary staff and on the queues that build
up around specialised testing facilities. For the clinic we investigated (see [3]) the major factors
influencing average waiting times appear to be the number of doctors, the number of appointments
booked, the ratio of new patients to follow-up patients and the non-attendance of patients.

Our sensitivity investigation

Following the insights we obtained from applying CliniQueue and CLINSIM, we investigated (using a
Matlab simulation [3]) the sensitivity of average waiting time to changes in patient non-attendance.
We considered first combinations of different numbers of doctors available and different numbers
of patient appointments booked and (holding all other parameters fixed) we considered the rate
of change of average waiting time for each doctor-appointment combination. Figure 2 shows the
3-dimensional Matlab surface plot. For each specified number of doctors and for a particular number
of appointments booked, we can read off (from the vertical axis) the corresponding rate of change
of average waiting time. We can then conclude that, for example, each patient who fails to attend
results in a certain reduction (the sensitivity value) in the (average) waiting time for all the patients
that do attend.

Figure 2: Surface plot of model waiting-time sensitivity to patient non-attendance for different
combinations of staff/appointments

In Figure 2, a clinic system would be considered to be more robust if the sensitivity value was
close to zero. In that case, if the number of non-attenders at the clinic varies from week to week,
the average waiting time for patients would remain much the same. The same information can be
provided in the form of a contour plot (Figure 3). Here the contours join points of equal sensitivity
to patient non-attendance and they provide some insight into the sort of problems that arise in the
clinic from week to week. One would expect that different doctor–appointment combinations lying
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on the same contour would correspond to clinics that are equally robust and stable, whereas choosing
a doctor–appointment combination lying on another contour could represent a change in the stability
of the clinic to changes in patient non-attendance levels.

A particular clinic regularly has 54 appointments and 3 doctors allocated. On the surface plot,
we can see that this combination yields a low sensitivity to patient non-attendance changes, and the
clinic is generally viewed by both doctors and patients as being a robust and stable clinic. However
it is known that there have sometimes been problems when the number of doctors and patients
have been altered during holiday periods. We can see how the problems arise from the surface plot.
When one doctor is unavailable, it is natural to reduce the number of patients given appointments
to 36. This takes account of the reduction of doctors and yields the same expected average waiting
time. However, we can now see why there can be problems with this strategy, since the sensitivity to
patient non-attendance has changed by a factor of nearly 4. Therefore the clinic has become much
more senstitive to changes in patient non-attendance and the probability of waiting times exceeding
30 minutes is substantially increased.

The contour plots developed for this clinic structure enable alternative choices of doctor-appointment
numbers to be identified which will not have this destabilising effect.

Figure 3: Contour plot showing combinations of doctor numbers and appointments booked giving
similar sensitivity to patient non-attendance

The discussion given here provides an explanation (using Figures 2 and 3) of phenomena which
were known to arise in practice in the clinic structures and which were also believed to behave in a
predictable way. Thus the conclusion that the fewer doctors available, the more sensitive the system
becomes to small changes in other areas was as anticipated. The new insight here is the availability
of the diagrams to assist with planning for changes to clinic structures.

A far more intractable problem is the sensitivity of clinic waiting times when the proportion of
new and follow-up patients is changed. Investigations using established simulation programes and
also observations at the clinics reveals significant variation (in a seemingly unpredictable way) in the
behaviour of the clinic when the proportion of new to follow-up patients is changed. Medical staff
believe that this follows from the fact that small numbers of new patients can be accommodated in
the system without introducing changes to the overall behaviour (by using up staff time that would
otherwise be idle) but that there is a sequence of critical thresholds where the proportion of new
patients begins to change the nature of the clinic.
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Figure 4: Surface plot of the sensitivity of waiting times to number of appointments booked and
proportion of follow-up appointments

Our simulation can be used to predict the sensitivity of waiting times to patient non-attendance
for various combinations of numbers of patients and proportion of follow-up patients. We keep the
number of doctors fixed (at 3) and we give the Matlab surface plot in Figure 4. The apparently
unpredictable variation in sensitivity that had been observed in practice is reflected in the plot and
the results from our simulation have been validated, as far as possible, by the use of other simulations.
The contour plot (Figure 5) provides lines linking points of equal sensitivity to patient non-attendance
and some initial attempts have been made to apply these insights. One readily observes that it is
common for apparently neighbouring parameter values to yield quite different stability properties
and therefore the contour plots can be used to help ensure that an existing robust and stable clinic
is not destabilised by an apparently small change in the proportion of new to follow-up patients.

Conclusions

Our investigations indicate a strong link between the combinations of numbers of doctors and ap-
pointments booked and the robustness of the clinic to cope with variations in patient non-attendance
without making major changes to average waiting time. The sensitivity to changes operates in a
well-behaved manner.

A less predictable instability is introduced into the system by varying the proportion of new to
follow-up patients while the number of doctors available is held fixed. However, it is important to
note that the actual instability introduced by changing the proportion of new to follow-up patients
in Figures 4 and 5 is much smaller than the instability likely to be introduced through changing the
numbers of doctors and patients.

We have concluded that control of the number of doctors and appointments booked provides
an adequate means of ensuring a reasonable level of sensitivity to patient non-attendance, with the
proportion of new to follow-up patients being monitored to ensure that combinations identified as
being of particularly high sensitivity are avoided.
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Figure 5: Contour plots joining points of equal sensitivity to patient non-attendance
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