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Abstract
Aim—To compare three diVerent
strategies for determining admission
dates for patients awaiting cataract ex-
traction after scoring for visual impair-
ment.
Methods—357 patients attending for as-
sessment for cataract surgery were scored
for visual impairment. These scores were
used as a basis for ranking patients into
three impairment strata. A computer
simulation was used to compare 3 years’
operation of diVerent admission
strategies—a first come first served book-
ing system, a triage booking system, and a
waiting list system in which admissions
were strictly ordered according to priority
stratum. DiVerences in priority weighted
delays before treatment were analysed.
Results—Both the triage system and the
priority based waiting list system gave
considerable reduction in priority
weighted delay compared with a first
come first served admission policy. The
percentage reduction achieved (30%–60%)
is strongly influenced by the number of
weeks fully booked when the booking
systems are introduced. The priority
weighted delay of the triage system, where
booking decisions were made at the time
of the outpatient assessment, was consist-
ently and substantially outperformed by
the priority based waiting list system
where the decision to allocate an admis-
sion date was delayed as long as possible.
Conclusions—There is considerable scope
for reducing delays to high priority pa-
tients if simple rules are used to deter-
mine admission dates. Using these rules,
booking patients at the time of the outpa-
tient assessment gives substantially less
benefit in terms of reducing delays to high
priority patients than if the decision about
the admission date is deferred.
(Br J Ophthalmol 2001;85:582–585)

Cataract extraction is one of the most common
and cost eVective surgical procedures per-
formed within the National Health Service.1–3

There is mounting pressure on resources as the
threshold for cataract surgery has reduced and
the number of elderly patients who could ben-
efit from surgery has increased.4 5 Therefore,
unless productivity improves or more operat-
ing sessions become available it is probable that
waiting lists for cataract surgery will lengthen.
An alternative strategy for dealing with the
cataract load is to ration surgery by limiting
access to waiting lists.6 Given that the average
waiting time for cataract surgery in the UK

exceeds 6 months,7 it is useful to consider how
waiting lists can be managed so that patients
with severe visual impairment are treated as
soon as possible. There are two key elements to
this problem. Firstly, there must be a valid
method for ranking patients in terms of their
impairment and need. Secondly, eVective use
must be made of this information by managing
the waiting list eYciently.

In practice, a waiting list is easiest to manage
if patients are not scored and they are admitted
in the order in which they are seen in clinic,
irrespective of their visual impairment. In prin-
ciple, it is desirable to manage a waiting list by
first assessing visual impairment and then
admitting the worst oV patients first. However,
with such a system, patients with low scores
suVer lengthy waits or there is the option of
referring them back to their community physi-
cian until their vision deteriorates. Uncertain-
ties regarding the date of admission has led to
moves towards booking systems in which
patients are given a firm date for admission at
the time of their initial assessment. Although
this may be preferable for the patient in terms
of peace of mind, it is by no means certain that
this is compatible with eYcient waiting list
management. Indeed, the possibility exists that
for a busy surgical unit operating close to
capacity a well intentioned booking system
might conflict with other factors related to load
management.

There has been little work on the quantita-
tive evaluation of booking systems in relation
to their eVects on the structure of the waiting
list and waiting times.8 Although the reliability
of priority assessment for cataract surgery is
still debated, we have compared three diVerent
strategies for waiting list management. We have
investigated this in the context of a cataract
clinic and describe a pretrial evaluation and
comparison of the diVerent admission policies.
Computer modelling has been used to com-
pare the eVects of diVerent waiting list
management options in terms of a number of
performance measures related to the overall
operation of the service.

Materials and methods
THE COMPUTER MODEL

A computer simulation method known as
PASTA (Priority Admission STrategy Analy-
sis) has been developed by the second author
as a research tool for investigating operational
consequences of diVerent booking or admis-
sions systems.9 The basis of the simulation
method is a notional set of referrals to a single
clinic. For each patient, the records contain
information about the date of referral, date of
outpatient assessment, and priority weighting.
Randomisation is used to generate fictitious
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referral data. In doing this, the overall number
of referrals per week is taken as fixed. Each
week’s referrals are randomly apportioned
among the diVerent impairment categories in
such a way that the long term proportions in
each category accord with prespecified values.
The dates of outpatient assessment and
treatment are then determined by the simula-
tion using an algorithm to replicate the waiting
list management rules being investigated.

Within the simulation, after patients receive
an outpatient assessment, they are booked for
surgery as a day case admission. The booking
date depends on the particular admission
policy being tested. A “priority weighting
factor” is central to this simulation. This is a
number between 0 and 100, associated with
each case, which expresses the percentage
importance attached to each day a patient
waits before being treated.6

BOOKING SYSTEMS

The PASTA simulation allows comparison
between diVerent potential booking systems.
The only requirement is that a booking system
can be expressed in terms of a set of rules that
allow it to be expressed as an algorithm. The
present study concerns three systems for deter-
mining treatment dates. The baseline system is
a “first come first served” system whereby
patients are booked in the order that they are
seen in clinic, irrespective of visual impair-
ment.

The second system reflects the common
clinical practice of “triage” where patients are
categorised into a small number of priority
strata. In principle, many such strata could be
specified, but in the current study only three
are used: high, medium, and low priority. The
principle of the system’s operation is illustrated
in Figure 1. The figure illustrates the possible
decisions that can be made at the time of an
outpatient assessment. The horizontal bands
represent future potential theatre bookings,
and can be thought of as consecutive pages in a
diary, one week to a page. DiVerent bands are
shown with diVerent shading. Although each
band will usually represent a diVerent number
of weeks, the total time span of each band
remains constant from one week of operation
of the system to the next. A practical
implementation of the system could be
achieved by marking the future bands in a week
to a page diary with colour coded paper clips.

Booking decisions for the triage system are
made for each patient seen in turn at the time
of the outpatient assessment. The system oper-
ates according to the following hierarchy of
rules, with rule A taking precedence over B and
C.
(A) A “reservoir” of operating slots in the near

future is kept fully booked. If a spare slot
appears in this reservoir it is filled with a
patient from the next outpatient clinic
irrespective of their priority. The duration
of this reservoir period would normally be
a few weeks.

(B) Patients assessed as being in the lowest
priority stratum are booked into an
operating slot as far into the future as
acceptable.

(C) Patients assessed as being in priority strata
other than the lowest are booked for the
first available free slot in the theatre diary
band designated for their priority strata. If
there are no free slots available within the
appropriate band, then a booking is made
for the first available theatre slot thereaf-
ter.

The third treatment management system, a
priority based waiting list, reflects the clinical
practice of using a waiting list as opposed to a
booking system. Patients are placed on a wait-
ing list and not given an admission date at the
time of their outpatient assessment. Booking
decisions are made as late as possible, assigning
available theatre slots to the highest priority
patients currently on the waiting list. An
exception to this is that no patient can wait
longer that the maximum time deemed accept-
able, and if this becomes a possibility, the
patient concerned is assigned an artificially
high priority score.

PERFORMANCE INDICATORS

The PASTA methods allows the following out-
come measures to be considered, some of
which make use of the priority weighting factor
assigned to patients: cumulative waiting time
(patient days), cumulative priority weighted
waiting time (priority adjusted patient days),
cumulative admissions (number of opera-
tions), maximum waiting time (days), number
on waiting list (patients)

SETTING THE SYSTEM PARAMETERS

A total of 357 consecutive patients presenting
to a cataract assessment clinic between Febru-
ary 1998 and August 1999 were scored as part
of their clinical assessment using a template
adapted from Hadorn et al.6 In this system only
those factors that have been shown to benefit
from cataract surgery are assessed, and these
are based on the VF14, which is a validated
instrument for measuring loss of visual func-
tion.10 In practice, the visual acuity was
measured (contributing 0–40 points) and ocu-
lar co-morbidity and health related quality of
life (ability to live independently, mobility,
restricted activity, etc) was assessed (contribut-
ing 0–60 points); these two scores were then
combined to give a total priority score (0–100
points) which gave a ranking for admission.
The option of discharge of low priority patients

Figure 1 The operation of the triage priority booking
system, allocating patients to diVerent booking zones
according to their priority score.

Booking dates

Patient
assessment

Maximum waitLow

Medium

High

Reservoir

Computer modelling of a cataract waiting list 583

www.bjophthalmol.com

http://bjo.bmj.com


was not included in our analysis. These data
were used to provide information about the
variability of visual impairment among patients
referred for surgery. For the purposes of this
study, three priority strata were used. The
highest and lowest strata were determined by
the upper and lower quartiles from the
distribution of visual impairment. The priority
weighting factor used for each stratum was the
mean priority score for patients from the
stratum concerned. The maximum wait after
assessment was chosen as 14 months as this
was policy within the Moorfields Eye Hospital
NHS Trust in April 2000.

Within the triage system, it was assumed that
high priority patients would be booked as soon
as possible. This was subject to the proviso that
theatre lists should be kept fully booked for at
least 4 weeks ahead. The target wait for
patients from the middle stratum was 16
weeks, although other values were also investi-
gated. To initialise the computer model it is
assumed that at the start of the simulations
theatre sessions are fully booked for a number
of weeks into the future. A range of diVerent
values was considered for this initial booking
load ranging from 10 to 50 weeks. For each
initial booking load, 10 separate simulations
were carried out comparing outcomes for the
three admission policies operating over a
period of 300 weeks. The decision to use 10
separate simulations was the result of initial
experimentation with the simulation, which
revealed relatively small variance in the sys-
tem’s output. Using 10 rather than a smaller
number of simulations errs very much on the
side of caution; however, computer running
time constraints were not an issue.

Results
The distribution of the visual impairment
scores is shown as a histogram in Figure 2.
Based on this distribution the priority classes
and other data used by the model are shown in
Table 1. Since all admissions within the simu-
lation were for day case surgery, the only eVect

of diVerent admission systems is to alter the
order in which patients are treated; there were
no diVerences in outcome in terms of overall
waiting list size, throughput, or mean waiting
time. Both the triage and the waiting list
systems gave rise to increased delays for low
priority cases that are assigned the maximum
acceptable wait; however, there were substan-
tial and consistent reductions in total priority
weighted delay. The scale of such changes var-
ied considerably depending upon the number
of weeks of surgery fully booked at the start of
the simulations. Figure 3 shows an overall
comparison of the performance of the three
systems depending on the number of weeks
initially fully booked. For each treatment
allocation system, the 10 independent simula-
tions produced clusters of points with consid-
erable overlap. Interpolation curves are dis-
played derived from best fit quadratic
regression, which gave a good fit in each case.

For the first come first served booking
system, in which no account is taken of priority
scores, the overall priority weighted delay

Figure 2 Distribution of the visual impairment scores.
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Table 1 Parameter values used during computer modelling

Parameter Low priority Medium priority High priority

Proportion of referrals 25% 50% 25%
Priority weighting score 9% 25% 52%
Target wait (weeks) 60 16 4

Figure 3 Comparison of total priority weighted delay
incurred over 3 years of operation of the treatment
scheduling systems. Curves represent best fit quadratics
through clusters of 10 points each representing an
independent simulation.
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Figure 4 Percentage reduction in priority weighted delay
in comparison with first come first served booking system.
Each point represents 3 years’ operation of the system for
diVerent periods fully booked at the initiation of the
simulation.
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increases in direct proportion to the number of
weeks initially fully booked. This provides a
benchmark against which to compare the other
systems, and the degree of eYciency achieved
is the percentage reduction in priority weighted
delay compared to the first come first served
system. Figure 4 shows the variation in such
percentage reductions depending on the
number of weeks initially fully booked. It is
useful to display the clusters of data, both to
demonstrate the fact that clusters from diVer-
ent systems are disjoint, but also because
quadratic regression interpolation was less sat-
isfactory.

Discussion
There is concern in the United Kingdom about
the size of waiting lists and the length of time
patients have to wait for cataract surgery. In
addition, it is recognised that there are still
many individuals in the community with cata-
ract who could benefit from surgery who have
not been identified by medical services.11 12

The pressure on resources is therefore likely to
increase. There have been eVorts to contain
costs and increase eYciency as, even in the
absence of restricted resources, there is a natu-
ral desire to maximise the eVectiveness of
health care.13 14 Although considerable atten-
tion has been directed towards increasing the
throughput of cataract operating lists, little has
been published on the eVects of diVerent
strategies of waiting list management.

Inherent in our analysis of waiting list man-
agement is the assumption that patients with
cataract can be ranked according to their visual
impairment. We used the New Zealand priori-
tisation system to determine the weighting of
patients’ impairment and thus their priority for
treatment.6 Mathematical modelling was used
as this allows the eVects of diVerent strategies
for patient admission to be investigated for
identical patterns of patient referrals. It also
provides results rapidly as opposed to clinical
studies that can take years to complete and
indeed may not be feasible to conduct. For
example, this study is based on 300 simulations
of cataract admissions over 3 years. Cataract
surgery is a good template for this type of study
as the majority of operations are day case pro-
cedures, the outcome of the procedure is rarely
aVected by the time spent on the waiting list,
and validated instruments exist to assess visual
impairment due to cataract.

Our results show that the most eVective
admission system for minimising priority
weighted delay is to admit high priority
patients from a waiting list, rather than booking
them at the time of the outpatient assessment.
This highlights a potential conflict when deter-
mining admission policy. The advantage of a
waiting list for the clinician, and some patients,
is the ease with which the most needy patients
are selected from the pool awaiting surgery.
The disadvantages for the majority of patients
is that they are not given a fixed date for
admission and they are called for their surgery
at relatively short notice. Achieving a balance
between these competing demands may be
impossible. Interestingly, booking at the time

of outpatient assessment following priority
scoring (triage) also achieves useful benefits in
terms of reducing delays for high priority
patients when compared with a first come first
served system, although this benefit was not
quite as dramatic as for the waiting list system.
Both of the priority admission systems that we
evaluated have the disadvantage that patients
with low scores have a longer wait for
admission than with a first come first served
system, typically the longest wait that is politi-
cally acceptable. This is an inevitable conse-
quence of a priority system. Indeed, the very
act of ensuring that low priority patients have a
long wait reduces delays for the higher priority
patients if throughput is maintained.

Our simulation is based on a mechanistic
and simplistic view of a waiting list. Many vari-
ables that could influence the implementation
of a waiting list, such as availability of staV,
fluctuations in referral rates, and failure to
attend for surgery were ignored. The model
was framed in simple terms for the pragmatic
reason that a system which does not operate
eVectively within a simple simulation frame-
work will almost certainly have a worse
performance if implemented clinically. The
model was also based on priority scoring,
which is an attractively simple concept to rank
patients for treatment, but which has yet to be
subject to validation. Nevertheless, when we
have evaluated diVerent operating systems to
determine which is the optimal way to transfer
priority scores to waiting lists or booking
systems, we have highlighted the potential
advantage of a waiting list. This raises the
possibility that what may be politically desir-
able may be ineYcient in terms of service
delivery.

1 Javitt JC, Brenner MH, Curbow B, et al. Outcomes of cata-
ract surgery. Improvement in visual acuity and subjective
visual function after surgery in the first, second, and both
eyes. Arch Ophthalmol 1993;111:686–91.

2 Laidlaw DAH, Harrad RA, Hopper CD, et al. Randomised
trial of eVectiveness of second eye cataract surgery. Lancet
1998;352:925–9.

3 Desai P, Minassian DC, Reidy A. National cataract surgery
survey 1997–8: a report of the results of the clinical
outcomes. Br J Ophthalmol 1999;83:1336–40

4 Minassian DC, Reidy A, Desai P, et al. The deficit in
cataract surgery in England and Wales and the escalating
problem of visual impairment: epidemiological modelling
of the population dynamics of cataract. Br J Ophthalmol
2000;84:4–8.

5 Taylor HR. Cataract: how much surgery do we have to do?
[editorial]. Br J Ophthalmol 2000;84:1–2.

6 Hadorn D, Holmes A. The New Zealand Priority Criteria
Project. Part 1: Overview. BMJ 1997;314:131–4.

7 Desai P, Reidy A, Minassian DC. Profile of patients
presenting for cataract surgery in the UK: national data
collection. Br J Ophthalmol 1999;83:893–6.

8 Findlay R. Getting to grips with waiting times. Clinician in
Management 1998;7:41–5.

9 Gallivan S. Evaluation of priority strategies for hospital
admissions. In: De Angeles V, Ricciardi N, Storchi G, ed.
Monitoring, evaluating, planning health services. World
Scientific, 1999.

10 Steinberg EP, Tielsch JM, Schein OD, et al. The VF-14. An
index of functional impairment in patients with cataract.
Arch Ophthalmol 1994;112:630–8.

11 Wormald RP, Wright LA, Courtney P, et al. Visual problems
in the elderly population and implications for services.
BMJ 1992;304:1226–9.

12 Reidy A, Minassian DC, Vafidis G, et al. Prevalence of seri-
ous eye disease and visual impairment in a north London
population: population based, cross sectional study. BMJ
1998;316:1643–6.

13 Percival S, Setty S. Prospective audit comparing ambulatory
day surgery with inpatient surgery for treating cataracts.
Qual Health Care 1992;1:38–42.

14 Aylward G, Larkin D, Cooling R. Audit of cost and clinical
outcomes of cataract surgery. Health Trends 1993;25:126–9.

Computer modelling of a cataract waiting list 585

www.bjophthalmol.com

http://bjo.bmj.com

