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Abstract

The cumulative likelihood of admission estimated for any given ‘time-since-enrolment’ depends on how
we define membership of the population ‘at-risk” and on how we handle right and left censored waiting

times. As a result, published statistics will be biased because they assume that the waiting list is both

stationary and closed and exclude all those not yet or never to be admitted.

The cumulative likelihood of admission within three months was estimated using the Government
Statistical Service method and compared with estimates which relaxed the assumption of stationarity and
reflected variation in the numbers recruited to, and admitted from, the waiting list each quarter. The

difference between the two estimates ranged from +5.5 to -9.1 percentage points among 11 Orthopaedic
waiting lists in South Thames Region.

In the absence of information on ‘times-to-admission’, exact ‘times-since-enrolment’ were extracted from
Hospital Episode Statistics and assumed to be similarly distributed. In the absence of information on
‘times-to-competing-event’, the number of competing events falling in each waiting time category was
estimated by differencing. A period lifetable was constructed using these approximations, census counts,
counts of the number of new recruits and estimates of the number ‘reset-to-zero’ each quarter. The results

support the view that the method used by the Government Statistical Service overestimates the cumulative
likelihood of elective admission among those listed.

The Government Statistical Service calculates the cumulative likelihood of admission within three months
(range: 0.62-0.27) conditional on the fact of admission. Multiplying by the unconditional likelihood of
being admitted (range: 0.93-0.31) estimates the cumulative likelihood of admission within three months

among those listed (range: 0.55-0.12) and gives a rather different ranking of waiting list performance
among 34 Orthopaedic waiting lists in South Thames Region.
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Chapter One

Introduction

From proposal to PhD

“How far I have succeeded ... I now offer to the world’s censure. ... For herein I have, like a silly
schoolboy, coming to say my lesson to the world (that peevish and tetchy master) brought a bundle of rods

wherewith to be whipped for every mistake I have committed.”

Graunt J. Journal of the Institute of Actuaries, 90(1), 14 (1964) '.

Patients are put on waiting lists because not everyone can be treated at the time they present to a clinician.
Rationing takes the form of immediate treatment for some and delayed treatment for others and is justified
on the grounds that some patients are better able to wait than others. Clinicians are allowed to discriminate
between those who are in immediate danger and those who are not i.e., between those requiring emergency
treatment and those that can be treated on an elective basis at some later date, and they continue to
discriminate between one patient and another in this manner when they come to schedule their outstanding
elective workload. Patients classed as ‘urgent’ must be admitted from the waiting list before those classed
as ‘routine’. But prompter treatment for one patient necessarily means delayed treatment for another and
as ‘time-since-enrolment’ increases so does the probability of some competing event e.g., of something
happening that prevents treatment on the elective basis agreed. The Royal College of Surgeons ? states that
patients with the same clinical condition must be selected in strict order of recruitment to the list. Having
distinguished patients with one condition from patients with another, there is no justification for any further

distinction so they are admitted on a ‘first-come, first-served’ basis making their waiting times as similar as
possible.

In 1995, the author reported Kaplan-Meier survival functions for cohorts of patients enrolled on a waiting
list for Plastic & Burns surgery®. There was good evidence that the five-category classification of clinical
urgency determined the promptness with which surgeons selected patients but the shape of the functions
were not what had been expected. There was little evidence of maximum waiting times and the survival
function for ‘urgent’ and ‘very urgent’ categories could have been produced by a process of random
selection or by reverse queuing i.e., ‘last-in, first-out’. Once the waiting list is up-to-date and due priority
has been given to clinical condition, departures from strict queuing is the worst form of waiting list
mismanagement possible. Any departure from the guidance issued by the Royal College of Surgeons

means that some patients waited longer than was strictly necessary while others ‘jumped-the-queue’.

The proposal submitted to South Thames R&D Directorate aimed to assess whether there was any evidence
of queuing within Trauma & Orthopaedic waiting lists. At the time, the Patient Information Database

(South West Thames Region) captured information on 13 Trauma & Orthopaedic units and on only a single
Plastic & Burns centre so we decided to study the specialty with the second most problematic waiting list in

the region.  As a result, although there may be many better waiting lists in England these were not chosen
for being the worst.
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We thought there might be bias in the data (appendix 1) but it was not until we came to look at the official
statistics that we realised there might be bias in the method. We could not reconcile the Government
Statistical Service method with the principles implied by survival analysis yet the approach seemed to have
been used almost universally. Clearly, we would have to provide a robust justification for using lifetable
techniques instead of the established approach if our results were to have any credibility in this field. In

fact, the thesis became an assessment of the problem of bias in Government Statistical Service estimates of

the cumulative likelihood of elective admission among all those at-risk.

We planned to use information extracted from the Patient Administration System 4 using the Patient
Information Database >, We designed a SCAN © question which produced lifetable output and could be
downloaded and presented in Excel? as Kaplan-Meier survival functions, with ‘time-since-enrolment’
measured in days. We hoped this would become a routine report for waiting lists within the former South
West Thames. Unfortunately, a decision was taken not to support continued region-wide use of the Patient
Information Database so the SCAN question swiftly became redundant. Instead, chapters 3-6 use data that

is routinely collected by the Department of Health so that other researchers can verify our methods and use
them to describe other provider units and specialties of interest.

The waiting list ‘population’

This thesis likens waiting lists to a demographic population. Instead of a number of births we have the
number of new ‘decisions-to-admit’ to the waiting list and the number of patients newly ‘reset-to-zero’.
Instead of deaths we have elective admissions. Instead of immigration we have ‘reinstatement’ and

transfer in from other waiting lists and instead of emigration we have waiting times ending in competing
events and patients transferred out to other waiting lists.

But these superficial similarities conceal a number of fundamental differences. In demographic
populations, mortality is expressed as a rate because the number of deaths is thought to reflect the frailty of
the individual at-risk and therefore the size of the population at-risk. And fertility is expressed as a rate
because the number of births is thought to reflect the individual’s ability and drive to reproduce and
therefore the size of the population at-risk. As a result, we might expect the number of births and the

number of deaths to be positively correlated because they are generated by (more or less) the same
population at-risk.

Now although we can express the number admitted electively as a ratio of the size of the population at-risk,
we do not believe this reflects the same inevitability about elective admission. For example, elective
activity tends not to happen outside office hours or at weekends or during the holiday season whereas death
is less readily scheduled. Similarly although we can express the number recruited as a ratio of the size of
the population at-risk, we do not believe the continued existence of the waiting list depends upon the
generation of replacements by those currently enrolled. Instead, if surgeons are busy in the operating

theatre then they are probably also busy in the outpatient department so we might expect the number
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admitted and the number recruited to be positively correlated because they are generated by (more or less)

the same clinicians.

The number of births and deaths generated reflects the size of the population at-risk and because mortality
and fertility act in opposite directions, demographic populations are subject to a form of feedback that
promotes the development of a stable distribution of age at death. [f there is an increase in the number of
deaths, the size of the population at-risk decreases and so does the number of births while if there is a
decrease in the number of births, the size of the population at-risk decreases and so does the number of
deaths: fluctuation in the number of deaths tends to be limited. If there is an increase in the number of
births, the size of the population at-risk increases and so does the number of deaths while if there is an
increase in the number of deaths, the size of the population at-risk decreases and so does the number of

births: fluctuation in the number of births tends to be limited. We know of no equivalent mechanism
acting on the waiting list ‘population’.

We might expect the numbers admitted and the numbers recruited each quarter to be much more variable
than the numbers bomn or dying, reflecting the scheduled nature of elective activity. As a result, the
distribution of ‘times-to-admission’ need not display the stability that characterises the distribution of ‘age-
at-death’ even if there is a strong correlation between the numbers entering and the numbers leaving the
population at-risk: if there is an increase in number of recruits there is no inherent drive to make the
number of admissions follow suit. (Births and deaths in demographic populations and recruitment and

admission in waiting lists may also be correlated because in the long run, the number leaving the population
at-risk cannot exceed the number entering.)

Natve assumptions

“STATIONARY POPULATION A stable population that has a zero growth rate with constant numbers of
births and deaths each year.”

Last M. A4 Dictionary of Epidemiology, 1995.°

“closed population A population into and out of which there is no migration, and where, as a
consequence, population growth depends entirely upon the difference between births and deaths. ... CW”

Pressat R. The Dictionary of Demography, 1985.°

This thesis discusses two fundamental assumptions about the nature of waiting lists which are nowhere

stated but everywhere implied, namely that waiting lists can be viewed as stationary and closed

populations. The importance of these two assumptions derives from the fact that they are simplifying
assumptions, passed without comment yet untrue.

The stationary and closed population assumptions make calculation of waiting times for elective admission
very simple and allow a whole raft of additional considerations to be set aside. Unless waiting lists are
stationary and closed, existing methods give biased results because they use only part of the relevant data
without ensuring that it adequately represents the whole (chapter 2). Unless waiting lists are stationary and
closed, we have to decide whether we want cohort-specific or period-specific measures of patient waiting

times because they are no longer one and the same thing. Unless waiting lists are stationary and closed,
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existing methods have to be corrected to allow for non-stationary recruitment rates, non-stationary
admission rates, non-stationary conditional likelihoods and for the fact that not everyone recruited to the
waiting list will ever be admitted electively. (Chapters 3 & 4 propose a total of 53 correction factors each
of which has to take the value 1.0 if the population is to be considered stationary. Chapter 6 presents one
additional correction although each of the nine waiting time categories used in the UK may in fact need to
be adjusted by its own unique factor.) And unless waiting lists are stationary and closed, we will have to

be more explicit about the mix of clinical priorities and about that part of the waiting list population denied
elective admission.

The literature on health service waiting times allows these two assumptions to pass without comment.
There is little evidence that these assumptions are being made explicitly, less discussion of the alternative
approaches possible and no recognition of the effect of any discrepancy i.e., of what happens to estimates
where the population is assumed to be stationary and closed but isnot. Yet it would be foolhardy to draw
any firm conclusions from the lack of evidence in the literature. The UK Government Statistical Service

may be fully aware of the implications of any departure from the closed, stationary waiting list or too happy
with the convenient fiction to have thought about the possibility of ‘exceptions’.

The Government Statistical Service publishes no formula to show how waiting times are calculated
suggesting that the method is too obvious to require formal justification. Now formula 3.1 gives identical
results to those laid out in a worked example published by the Government Statistical Service '°. It is so
unremarkable that it barely merits even verbal description and we are prepared to assume it is the approach
adopted by default where there is no evidence to the contrary. But if we want more proof that formula 3.1
is correct i.e., that the Government Statistical Service assumes the waiting list to be stationary and closed,

we are obliged to make deductions based on official data definitions, published caveats and examples of the

way in which the Department of Health interprets these statistics in practice.

The Government Statistical Service defines a series of percentages admitted within a specified ‘time-since-
enrolment’ and cites Hospital Episode Statistics ' as the sole source of data. This dataset is designed to
capture records on discharge from and, in any case, not before admission to hospital. It provides no
information on patients other than those admitted and therefore can neither confirm nor deny the possibility
that the waiting list is open. However, the caveats attached to these statistics in official publications '2, the
usual phrasing of Department of Health citations (“Table 4a shows the percentage of patients who were
admitted for treatment within 3 months of the decision to admit. Table 4b shows how many were admitted
within 12 months.” *) and the method of capturing data are all consistent with an assumption that the
waiting list is closed. The question of stationarity is even more circumstantial. Formulae 3.4, 3.6 & 3.7
should be calculated using event-based data such as Hospital Episode Statistics. But it seems unlikely that
formulae such as these would be used and the results published without some written justification. So

official waiting times cannot have been adjusted to allow for non-stationarity. Therefore the waiting list is
assumed to be stationary.
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It is most unlikely that these two assumptions describe the true position. An interest in waiting times
surely predicates the possibility of change whether for the better or for the worse. And waiting lists lack
the strong feedback mechanism responsible for moving demographic populations to the position of
dynamic equilibrium described in stable population theory '. Patients who decline an offer of admission
or who fail to turn up on the day are put to the back of the queue providing weak positive feedback so that
recruitment to the waiting list ‘tomorrow’ depends in part on the size of the waiting list ‘today’. Supplier-
induced demand describes negative feedback where recruitment increases to offset reductions in the size of
the list'* e.g., where outpatient activity (recruitment to the list), inpatient activity (admission from the list)
and clinical administration (removal from the list) increase or decrease in synchrony 16 There ‘ought’ to
be negative feedback with increases in the size of the waiting list prompting increases in the rate of elective
admission. And there ‘ought’ to be negative feedback producing a temporary increase in the rate of
removal if patient details are out-of-date rather than up-to-the-minute. But none of these have the status of
the fertility schedule '** which links the number of women surviving within each age group to the number
of births generated by that population. As a result, we do not believe there is much ground for expecting

waiting lists to move in the direction of a more stable distribution of ‘times-since-enrolment’.

Flawless data

“This report includes data supplied by purchasers of health services and by health provider organisations.
The Ministry of Health does not confirm the accuracy or comprehensiveness of the supplied data, or of
tables, analyses, conclusions, and other information in the report based on that supplied data. ...

Accordingly, the Ministry of Health takes no responsibility for any reliance by any person, in whole or in

part, on any information in this report, nor does it take responsibility for any error in, or omission from,
the report.”

Ministry of Health. Purchasing for your Health: 1995/96,1997. "

Wherever possible, this thesis uses data collated by the Government Statistical Service. The continuing
preoccupation with the quality of NHS data was legitimized by the Kérner Steering Group 2 when it
postponed that part of its remit concerned with methods of analysis. As a result, NHS data may be
condemned regardless of the use for which it was intended and NHS research may be viewed with
complacency if it rehearses the case against the data with enough severity. Now this thesis aims to show
the size, direction and potential impact of four departures from stationary and closed population
assumptions i.e., the effect of using the existing method in a setting for which it was not designed. So it
uses the available data in order to demonstrate the effect on official statistics were the underlying data true
i.e., complete, consistent, reliable, valid, free from measurement error, all other sources of bias and
confounding. This thesis will only discuss the quality of the data where it helps explain the methods

adopted or where it is a necessary step in assessing results when the data definitions are inconsistent.

Despite the continuing quest for flawless data, miscalculation is still the simplest way of producing wrong
results and misinterpretation the most direct route to incorrect conclusions. Indeed when someone else is
held responsible for data collection ', miscalculation and misinterpretation may well be the only errors
which could rest squarely with a Ministry of Health. Be this as it may, the existing approach suffers no

lack of precedent. It has been recommended at the most senior level within the NHS e.g., by Benjamin
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in 1968 (an influential actuarial scientist and Director of Statistics, Ministry of Health), by the Komer
Steering Group  in 1982 and, most recently, in Department of Health proposals for a revised set of
performance indicators . It is the method which undergirds collection of ‘times-since-enrolment’ in
Hospital Episode Statistics (1989/90 to-date) and which contributed to the utility of the Hospital In-Patient
Engquiry * series (1953 to 1985). It continues to be widely used by independent researchers 2.2 and was
advocated as the method of choice by Don, Lee and Goldacre %* as recently as 1987. But this could be
much more than precedent. The recommendations of the K&rner Steering Group presumably reflects the
views of its members who included figures such as Cottrell, Goldacre and Mason and may not reflect the
dissenting views of those not present such as Williams, West, Hagard and Dias * and Yates 21 Moreover
the working of the Group was such that it may have created a consensus of opinion where it did not find
one: it certainly determined what information would be collected and how it ‘ought’ to be used. However,

it is also noteworthy that the existing method is used by health departments **** and by non-government
researchers ***' elsewhere.

The existing approach reflects an insistence on timely information that precludes prospective studies and is
compounded by widespread ignorance of the period lifetable or ‘synthetic cohort’. In the literature on
NHS waiting times, we found only two examples of waiting list lifetables > both of which describe
prospective cohorts. And Mason’s survey of possible approaches * makes no mention of the synthetic
cohort. This comes as rather less of a surprise when we note that the method has been omitted from
standard textbooks on Epidemiology **. And it is noteworthy that Descriptive Epidemiology which
includes extensive discussion of lifetable techniques, was intended to bring together methods hardly known
outside their specialist fields of application **. Despite Newton’s recent letter in the Journal of Health
Services Research & Policy**, use of lifetable techniques appears to require special justification within
Health Services Research and the burden of proof currently lies with those who wish to eschew the existing
method. This position is so completely at odds with long-established practice in other fields that the
method used by the Government Statistical Service would be viewed as inadequate were we interested in

‘time-to-relapse’ ¥, ‘time-to-transplantation’ ** or ‘time-to-death’ ** rather than ‘time-to-elective-

admission’.

Reprehensible practice

“If not everyone can be assisted, the procedures for placement on the waiting list and for the order of
treatment must at least be honest and clear.

The waiting time for a certain facility can exceed a critical limit, above which there could be said to be
irresponsible delay in providing care - thus inadequate quality - or even that care is not being provided.
In the latter case, the quality of the care is nought, because it is not provided at all.”

Government Committee. Choices in Health Care, 1992, °

The existing method seems to be associated with one particular element of confusion or wishful thinking
which resists consideration of alternative approaches and needs to be brought out into the open before we
go any further. There has been a great deal of concern in this country with the numbers awaiting elective
admission i.e., with the length of the NHS waiting list. And waiting list validation was advocated as a way

of ensuring that resources were only allocated to those genuinely “at-risk’ of elective admission *' and as a
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way of providing an accurate account of the true position at the time of a census 24 In other words,
validation aimed to ensure that waiting list records were ‘up-to-the-minute’ so that the interval between the
actual end of ‘wait’ and the ostensible end of ‘wait’ was kept as short as possible. But concern shifted to
the length of waiting times for elective admission i.e., to the distribution of admission counts across a series
of waiting time categories. And in the process, some researchers failed to recognise that patients correctly
excluded from census counts after their end of ‘wait’ should not be excluded from census counts until their

end of ‘wait’ . Instead, they want to exclude those removed from the waiting list as if they were never

really candidates for elective admission and as if it had always been recognised that they would never be
admitted *"%.

The Government Statistical Service routinely indicates that official waiting times are calculated from the
‘times-since-enrolment’ of those admitted electively though the clearest published statement comes from
Moon who insists that “Examining admission or throughput data gives a comprehensive picture of waiting
lists only if all patients are eventually admitted” . We believe the existing caveat fails to protect patients,
clinicians, managers and politicians from assuming that the cumulative likelihood of admission among
those ‘admitted’ electively is equal to the cumulative likelihood of elective admission among all those at-
risk. And every time we examine the official statistics for help in placing a contract '? or in making a
referral 3, we are invited to collude in ignoring the possibility of an outcome other than elective admission.

If this is true, the error cannot be shunned too swiftly: were the deceit deliberate, it would be entirely
reprehensible.

This confusion over how to handle waiting times which end in competing events may go some way towards

explaining the apparent lack of interest in those denied elective admission; they do not count therefore we

need not account *6. It explains the continuing enthusiasm for waiting list validation as a way of reducing

the size of the list“***. And it has left health service researchers ‘blind’ in a number of areas. For
example, let us assume that the interval between actual and ostensible end of ‘wait’ has now been
eradicated. Patient waiting times end either in elective admission or in some competing event because
there are no other outcomes possible. And in each instance, the patient is admitted or not admitted

depending on whether the event or the competing event occurred first “*®. As a result, an increase in

admissions might be associated with a decrease in removals as readily as with a decrease in the size of the
population still waiting.

Inconsistent misinterpretation

“Mr. Mallon: To ask the Secretary of State for Northern Ireland what assessment he has made of the

average waiting periods experienced by (a) patients whose services are purchased by their local health
boards and (b) patients of GP fundholders. [3957]

Mr. Moss: ... The average waiting time is not calculable because information on patient waiting times is
grouped in time bands and is not measured individually. ...”

Hansard Written Answers, (part 15), 18 November 1996.

Despite widespread use of the stationary and closed population assumptions when calculating the likelihood

of admission, there are also occasions when they are used inconsistently or not at all. For example,
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MacMahon gives a formula for calculating the number of cases of a condition prevalent (P) ina
population given the number of incident cases (I ) observed within a specified calendar period and the

average duration of the condition (D) i.e., P oc I- D ™. Now where the population is closed and

stationary, the rate of incidence and the average duration will be unvarying and the number of additions to
the waiting list (1) will exactly equal the number of admissions (4) from it in each and every calendar

period®. Asaresult, P=A-D and D= P/A. Although this formula is widely used to calculate

waiting list ‘clearance times’, it seems to have been derived without reference to epidemiology and without

a full appreciation of its nature ***'. Where the waiting list is closed and stationary, the ‘clearance time’

equals the average duration of patients’ time on the waiting list>>*>. The Department of Health is so far

from recognising this that it claims “... average waiting time is not calculable ...” * while publishing

clearance times. Where the waiting list is open, the number of removals should be added to the

denominator i.e., we should calculate D = P/(A + R) . Clearance times estimate how long it would

take to ‘turn over’ a number of patients equivalent to the stock of the waiting list *, given the conditions
prevalent at the time: whether the waiting list is closed or open, stationary or not, there is no justification

for calculating clearance timesas D = (P + )/ A4 ®.

In a similar fashion, it is widely believed that long waiting times are over-represented in cross-sectional

measures of patient waiting times as a result of length bias 24547 This seems to be a corruption of the

idea that individuals ‘destined’ to survive a long time are more likely to appear in a census at some point
than those ‘destined’ to survive a short time. In fact, the number of low-priority patients captured by a
census will be over-represented relative to the number of high-priority patients regardless of the length of
‘time-since-enrolment’ of the individuals in question **, If the waiting list is closed and stationary, the
distribution of the censused ‘times-since-enrolment’ comes to reflect the distribution of person-time at-risk
within the population '“** and, were it used as an estimate of the cumulative likelihood of survival on the

waiting list, would over-represent the apparent contribution of short waiting times. The existing view
could hardly be more wrong!

Understanding the data model

“Decision to add a patient to an active waiting list

(a) A patient should only be placed on a waiting list for surgery if
- there is sound clinical indication for operation;

- there is a real expectation of performing that operation within a reasonable time;
- the patient is clinically ready to undergo surgery. ... ”

Guidelines for the management of surgical waiting lists, 1991.2

Patients are normally referred to a consultant by their general medical practitioner, are assessed on an
outpatient basis (sometimes over a number of visits) and are only ‘admitted’ to the waiting list if the patient
is likely to benefit from the treatment proposed, if the clinician has a reasonable intention of providing
treatment in a timely fashion and if the patient agrees to the course of action prescribed 2°5”. For the sake
of simplicity, this thesis ignores the period prior to enrolment and assumes that the recorded start date

equals the date of the clinician’s ‘decision-to-admit’ to the waiting list which will normally be the same as
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the date of the outpatient consultation where the patient gave consent. Although the recorded ‘times-since-
enrolment’ underestimate the length of the actual ‘times-since-first-presentation’, we assume the
assessment of clinical priority in outpatients makes full allowance for severity, impairment, likely rate of
progression etc., at the time the patient is recruited to the waiting list. Asa result, the cumulative
likelihood of surviving admission to any given ‘time-since-enrolment’ ought to reflect this assessment of

clinical priority. The approach provides us with a non-arbitrary set of start dates and end dates which can

be used to illustrate the effect of different ways of calculating waiting times.

We note however, that this approach assumes disinterest in how long patients wait having had their first
outpatient appointment or having presented themselves in general practice. It also assumes that the
electronic waiting list is a ‘closed system’ so that patients are admitted solely on the basis of recorded
characteristics *7 regardless of how long they waited in outpatients ** or in general practice and regardless of
their actual characteristics at any moment in time *'. (Regrettably, the evidence for and against this
intriguing possibility is beyond the scope of this thesis.) Alternatively, it assumes that the recorded
characteristics are strongly correlated with the ‘body of knowledge’ used to determine admission. And

neither assumption may be wholly adequate where we want to publish statistics that allow comparison of
performance.

A new record is created each time a patient is enrolled on a waiting list so that each patient may have more
than one ‘waiting list entry’ © in more than one specialty. Each of these in turn generate a series of
consecutive ‘waiting list history’ records ®. The first ‘history’ starts with the clinicians’ ‘decision-to-admit’
to the waiting list, continues with the patient ‘actively awaiting’ elective admission and ends when the
clinician offers the first chance at admission or when the status of the ‘waiting list entry’ has to be changed
because the individual is no longer regarded as actively waiting. Where the patient has been selected for
admission, the second ‘history’ begins with the ‘preadmission’ where the patient has been allocated a date
‘to-come-in’, reserved a bed and time in the operating theatre etc., and ends either in admission, hospital
cancellation, patient cancellation (‘self-deferral’) or in a ‘failure-to-attend’. Where the patient has been
temporarily removed from the waiting list either on medical (‘deferred’) or on administrative grounds
(‘suspended’), the second history ends with ‘reinstatement’ to the active waiting list or in permanent
‘removal’ from it. Where the patient is admitted electively or permanently removed from the waiting list,
the event of interest or the competing event are attributed to the start-date and the ‘history’ is left open-
ended. Regardless of the number of histories accumulated against each ‘waiting list entry’, elective
admissions are usually preceded by two other records. In the first, the patient ‘actively awaits’ elective
admission and, in the second, the patient has been ‘preadmitted’ and is waiting for the scheduled ‘to-come-

in’ date to come round. The structure of this data clearly lends itself to event-history or lifetable analysis.

In the 13 District General Hospitals of the former South West Thames Region, these records were created
using the Patient Administration System *. This is a live database which is continually expanding with new
‘decisions-to-admit’ to the waiting list and is also continually being updated each time a patient makes
contact with the hospital. It is this data that is used to provide information for the Department of Health
whether as quarterly KH06, KHO7A and KHO7 returns to the K6rner Reporting System * (appendix 1) or
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as annual electronic downloads contributed towards Hospital Episode Statistics. Until mid-1997, these
records were also copied into the Patient Information Database each night allowing ‘waiting list entries’

and ‘waiting list histories’ to be counted or downloaded for further manipulation lists using SCAN *

(appendix 1).

The Komer Reporting System aims to describe the waiting list in terms of patients e.g., the number of
patients admitted, removed, recruited or still awaiting elective admission while Hospital Episode Statistics
aims to describe the waiting list in terms of episodes of care. The KHO06 count of admissions
underestimates the number of elective episodes eventually reported and this has been viewed as an
indication of the unreliability of the Krner returns. As a result, provider units are required to submit the
KP70 " return in order to validate the Hospital Episode Statistics. But the difference between the KH06
count of admissions and the number of elective episodes is unremarkable when we recognise there are two
different units of measurement, two different sets of exclusion criteria, two different reporting periods and
two different definitions of ‘time-since-enrolment’. In Trauma & Orthopaedics, the numerical difference
is substantially reduced when we compare the count of KH06 admissions with the number of valid elective

episodes i.e., those with non-missing dates of enrolment other than the default value of 15 Oct 1582!

Now the Patient Information Database can count the number of patients on the waiting list or the number of
‘waiting list entries’ or the number of ‘waiting list histories’ because each ‘patient’ record is linked to all
the ‘waiting list entries’ of that individual and each ‘waiting list entry’ is in turn linked to all the ‘waiting
list histories’ generated to date. In the same way, the Patient Information Database can count the number
of patients admitted or the number of admissions or the number of episodes because each ‘patient’ record is
linked to all the individual’s admissions and each admission is linked in turn to all the episodes occurring
during that inpatient spell. The linking of records in this fashion avoids having multiple copies of each
‘patient’ record to match with ‘entries’ and ‘histories’ in the waiting list module or with admissions and
episodes in the inpatient module or with referrals and attendances in the outpatient module etc. Butasa

result, the Patient Information Database encounters some difficulty when it comes to select and copy these
composite records.

Let us imagine there are more than two ‘waiting list histories’ associated with each ‘waiting list entry’.

The software links and copies information from the first ‘history’ and the associated ‘waiting list entry’ and
‘patient’ records without any difficulty. But if there are more ‘history’ records there may be difficulties.
The software only allows a single ‘pass’ at each ‘waiting list entry’ record held and can only copy one of
the possible combinations of ‘patient’, ‘entry’ and ‘history’ records. The procedure documented in
appendix 1 avoided this difficulty by downloading information from the linked ‘patient’, ‘waiting list entry’
and first ‘history’ records then downloading information on all subsequent ‘history’ records. (We used the

Statistical Package for the Social Sciences ** to add the second ‘histories’ back on to the relevant ‘patient’,
‘entry’, ‘first history’ record.)

A substantial proportion of elective episodes lack a date of enrolment on the waiting list. Let us imagine

there is some difficulty copying information from a ‘waiting list entry’ to the several episodes of inpatient
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care associated with it, producing a dataset where only one episode per patient has a non-missing date of

enrolment. If elective episodes with enrolment dates indicate the number of patients admitted, it would go

a long way towards reinstating the KH06 and KHO7A returns as a reliable source of data alongside the

KHO7 census.

Glossary

Consultant episode

Day case admission

‘decision-to-admit’

Elective admission

‘failed-to-attend’

In-patient

KHO06

KHO07

KHO07A

Ordinary admission
‘put-to-the-back-

of-the-queue’

‘removals’

‘reset-to-zero’

‘self-deferred’

An episode occurs where a patient receives care under one consultant within one
hospital provider before being transferred to another consultant or discharged from
care. (Hospital Episode Statistics capture ‘finished’ and ‘unfinished’ episodes.)
The date the episode began may or may not be the date of admission to hospital.

A patient admitted electively during the course of a day for care or treatment which
can be completed in a few hours, who does not require a hospital bed overnight.
The patient is expected to leave the bed the same day and does so.
‘time-since-enrolment’ is measured from the date the clinician decided to admit the

patient to the waiting list.

A patient whose admission date is known in advance, allowing arrangements to be
made beforehand

Patients offered a date for admission who are unable to attend and fail to notify the
hospital accordingly. They have their waiting times calculated from the most
recent date offered i.e., they are ‘put-to-the-back-of-the-queue’. There is no
interval between the ‘failure-to-attend’ and the intended date of admission.

A patient who is admitted to hospital either as a day case or for a longer period of

time.

The number of admissions, removals and new ‘decisions-to-admit’ during the
quarter (appendix 1).

The number of patients still ‘at-risk’ of elective admission at the end of the quarter
in each three-month waiting time category (appendix 1).

The number of patients who refused admission from the waiting list by ‘self-
deferring’ or by ‘failing-to-attend’ (appendix 1).

A patient who is expected to stay in hospital for at least one night.

What happens to the patient when they ‘self-defer’ or ‘fail-to-attend’.

Patients who have not been admitted to hospital but who have been removed from
the waiting list. Includes patients who have died, patients who have been admitted
as an emergency for the same condition and patients who have been removed from

the list for other reasons.

What happens to a waiting time when the original date of enrolment on the waiting
list is changed to the date the patient was expected ‘to-come-in’ to hospital.
Patients offered a date for admission who are unable to attend and notify the

hospital accordingly. They have their waiting times calculated from the most
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recent date offered i.c., they are ‘put-to-the-back-of-the-queue’. In the interval
between the date of ‘self-deferral’ and the date for admission, they are not

considered at-risk of elective admission.

Specialty All patients are assigned to a clinical specialty according to the responsibility of the

10.

consultant in charge of their case.
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Chapter Two

Unrepresentative, invalid and misleading: are waiting times for elective admission wrongly
calculated?

Summary

In England, the Government Statistical Service reports the percentage of elective admissions that took place
within three months of a patient being added to NHS waiting lists. This percentage is calculated from
cross-sectional data using the total number of elective episodes within a specified calendar period as
denominator and the number of these enrolled on the waiting list less than three months previously as
numerator. The approach assumes that NHS waiting lists are closed and stationary populations and has
been widely used by government and non-government researchers in the UK and elsewhere. But little

attention has been given to the bias introduced when waiting lists are neither stationary nor closed.

This chapter identifies four groups of patients which are excluded from the denominator and criticises the
established method for ignoring left and right censored observations. It describes two alternative formulae
that would use a limited amount of additional cross-sectional data to produce upper and lower estimates of
the cumulative likelihood of admission among those listed. And it recommends the production of unbiased

estimates by applying period lifetable techniques to a complete and consistent set of ‘times-since-
enrolment’.

|

Introduction
Setting the scene

In England, the Government Statistical Service reports the percentage of elective ‘admissions’ that took
place within three months of a patient being added to the waiting list 2. This percentage is calculated from
cross-sectional data using the total number of elective episodes * within a specified calendar period as
denominator and the number of these enrolled on the waiting list less than three months previously as

numerator *. This statistic is used as a measure of the likelihood of elective admission within three months
of recruitment >.

Now the number of elective admissions reflects the likelihood of admission and the numbers ‘at-risk’ of
admission within each waiting time category and calendar period of interest. In other words, the number of
elective admissions within the 0-3 month waiting time category will increase if there is any increase in the
likelihood of admission or in the size of the population exposed to that likelihood. So the size of the

numerator accurately reflects conditions within that waiting time category throughout the period of interest.

But the admissions observed in each waiting time category are added together to give an indication of the
‘extent of exposure’ to the risk of elective admission i.e., the data is handled as though it belonged to a
cohort followed to extinction rather than a cross-sectional snap-shot. This assumes that the number of
patients eligible for elective admission 3-6 months after enrolment is identical to the number surviving

admission from the 0-3 month category although the two groups belong to cohorts of patients which were
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. . . o . 6
recruited quite independently. In other words, the existing approach views the waiting list as a closed ° and

stationary 7 population and only provides an unbiased estimate under these conditions.

Patients, clinicians, managers and politicians all want to know how long people wait for elective admission
to hospital. Instead, they are either told about those still waiting ® or else they are told about those already
admitted®. Under no circumstance are they given the whole picture, the likelihood of admission
experienced by all those on a waiting list between two calendar dates. And the published caveats fail to
protect users from equating the likelihoods of admission (within three, six, nine, twelve months etc) among
those admitted with the likelihoods of admission (within three, six, nine, twelve months etc) among those

listed. After all, the figures hardly address the question of interest unless this is the case!

By definition, Hospital Episode Statistics 3 only collects ‘event-based data’ and does not capture the waiting
times of all those eligible for admission from the waiting list. And this is also true of equivalent

approaches elsewhere *'*''. But even if we had all the ‘times-since-enrolment’ recorded in a treatment

registry '>"%, we would still have the same problems if the likelihood of elective admission were estimated
using only the waiting times of those already admitted. Unless omissions can be viewed as a random

sample of the population of all ‘times-since-enrolment’, we should expect unrepresentative results. This
proposition has received little attention in the literature.

Clearing the ground

The method currently preferred by the Government Statistical Service reflects firmly held beliefs about
which waiting times count and which do not i.e., official estimates of the likelihood of admission ‘ought’ to
reflect the experience of those admitted and not the experience of those removed. Now exclusion of those
removed clearly makes sense when validating waiting lists; we only want to enumerate those who are still
eligible for admission at a particular moment in time. But the position is less obvious when we want to

measure the ‘extent of exposure’ which generated elective admissions over a specified calendar period.

Those removed from the waiting list can be divided into two groups by asking whether they were ever
really candidates for elective admission '*. There are those who were never ‘at-risk’ of elective admission
and should never have been added to the waiting list. The patient did not want surgery or the consultant
did not agree that an operation was necessary or had no serious intention of ever calling the patient for
surgery '*'¢.  And there are those who were added to the waiting list in good faith but end up being
removed rather than being admitted. The patient’s condition may have deteriorated !’ so that the operation

is no longer possible or no longer offers the likelihood of any improvement. They may have died waiting '*
or have had to have had the operation as an emergency.

The first group of patients is rightly excluded from all the data because they should never have appeared on
the waiting list'. They should never be enumerated because they were never eligible for elective
admission. And they should never contribute to the denominator used to calculate the likelihood of
admission because they could not generate admissions. But we should expect the second group of patients
to contribute to the data. They were added to the waiting list because they could have been admitted and

some may well have been offered a date ‘to-come-in’ to hospital. They are only removed from the waiting
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list because something other than admission intervened “first’ ****'. These patients should be enumerated

until the date they were no longer available. And our assessment of the overall ‘extent of exposure’ should
include that part of their wait, which preceded removal from the waiting list. At the time of recruitment to

the waiting list, it is impossible to distinguish those who will subsequently be admitted from those who will
end up being removed .

Imagine a situation where the first type of patient is never added to the waiting list and where records
describing the second type are kept ‘up-to-the-minute’. Validation of such waiting lists will not alter the
number eligible for admission despite the fact that some of those enumerated go on to be removed at a later
date. This provides an alternative explanation for the disappointing results of such exercises in England B,

Contrary to expert opinion, these patients should not be deleted from waiting list statistics as though they
had never been enrolled *.

Aim

This chapter describes the limitations of the method currently used to estimate the cumulative likelihood of
elective admission within any given time of enrolment on the waiting list. It argues that the existing
formula excludes whole categories of patients who might be considered ‘at-risk’ of admission during the
period of interest i.e., it is concerned with the method of calculation rather than the veracity of the data.
And although discussion concentrates on the use made of this approach by the Government Statistical

Service in England, the method has been widely used by government and non-government researchers in
the United Kingdom and elsewhere.

Competing events and incomplete observations are omitted

In England, patients removed from the waiting list are excluded from subsequent censuses because they are
no longer eligible for elective admission. In a similar fashion, those deferred on clinical grounds 2 or
suspended for administrative reasons are also excluded from census counts for as long as they are not at-risk
of elective admission. But when we tum our attention to estimating the cumulative likelihood of elective
admission within a given time of enrolment, we rely on Hospital Episode Statistics > which captures data on
the understanding that admission must have already taken place. As a result, the waiting times of these
three groups of patients are excluded from calculations as though the individuals had never been added to
the waiting list. And the experience of those still awaiting elective admission is also discounted because
they cannot appear in Hospital Episode Statistics during the period of interest.

The matter is further complicated in England because patients who cancel their admission or fail to arrive as
instructed are put to the back of the queue and the date of their enrolment on the list is reset to the date on
which they ought to have been admitted **. The effect of this is to break the individual’s experience into
two parts, the first of which ends in self-deferral or failure to attend rather than in admission. Either part

may appear in a census ® but create particular problems where data capture depends upon admission to
hospital.

1. If we measure ‘time-to-admission’ from the revised ‘date of enrolment’, we discount the first part

and treat these patients as though they could not have been admitted until after they had been put to
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the back of the queue. Yet until they self-deferred or failed to attend, these patients were as much
at-risk of admission as anyone else with the same clinical characteristics and the same length of time
on the list. In fact, this was so much the case that they were invited to attend for admission. This

approach exaggerates the apparent likelihood of admission within a short time of enrolment.

2. An admissions dataset which measures ‘time-to-admission’ from the original date of enrolment 3
reports the full length of the patient’s experience of the waiting list but allocates the whole of the
second part, and the eventual admission, to the wrong waiting time categories. This minimises the

true likelihood of admission with an official waiting time of less than 3 months.

In England, estimates of the likelihood of elective admission will only reflect day to day practice if the two
parts are reported separately and if both contribute to the denominator.

Inpatient waiting times are calculated from partial and unrepresentative data so that no one possesses all the
relevant facts. Hospital Episode Statistics omit the exposure to risk contributed by those whose waiting
time was incomplete at the close of the period of interest. The only occasion where this will not produce
bias occurs when the waiting list can be described as a stationary population. In a stationary waiting list,
the number enrolled or reset to zero between 1 July and 30 September 1994 would be the same as the
number enrolled or reset to zero over the preceding 92 days or over the succeeding 92 days (figure 1). The
same equivalence applies to the number at-risk of elective admission at the start of every other waiting time
category i.c., at exactly three months, exactly six months etc. And the number still at-risk of admission
halfway through each waiting time category would not change from one census to another. Infactina
stationary population, we would get the same distribution of waiting times whether we look at groups of
patients who were listed together or groups of patients who were enrolled together. But the hospital

waiting list for England would not have attracted so much attention if it were really stationary.

Hospital Episode Statistics omit the exposure to risk contributed by those whose waiting time ended in
some competing event rather than admission. As a result, the ‘times-since-enrolment’ used by the
Government Statistical Service are conditional on the fact of admission and overestimate the likelihood of
elective admission experienced by all those on a waiting list between two calendar dates. As there are

several ways of curtailing a patient’s time on the list, other than elective admission, the hospital waiting list
for England is not in fact a closed population ®.

Event-based data captures waiting times incompletely

A number of these points may be made clearer by use of a lexis diagram %°. Figure 2.1 allows us to show

an event, such as elective admission, by plotting the date of admission on the horizontal axis and the length
of waiting time at admission on the vertical axis. In the same way, a patient’s enrolment can be shown by
plotting date of enrolment on the horizontal axis. If we join these two points with a diagonal ‘lifeline’, we

can read off the length of a patient’s experience of the waiting list at any date of interest.

30



Figure 2.1: The English waiting list - the population at-risk of being censused on 30 September 1994 and of generating
elective admissions in the same waiting time categories between 1 July and 31 December 1994 inclusive

e e e

Number of completed days on list

SYTEIRTINES  CTMTTTIN O

30-Jun-94

30-Sep-94 31-Dec-94
Calendar date just before midnight

Imagine a patient enrolled on 1 April who failed to attend as instructed 182 days later on 30 September
1994. The patient was put to the back of the queue on that date and eventually admitted after a further 92
days on 31 December 1994. This patient would appear in the 0-3 month category of the censuses of 30
June and 30 September with waiting times of 91 and 0 days respectively. The first part of the patient’s
wait would be reported as ending in a ‘failure-to-attend’ during the quarter ending 30 September while the

second part would be described as ending in elective admission during the quarter ending 31 December
1994.

The vertical lines in figure 2.1 show censuses conducted just before midnight on 30 June, 30 September and
31 December 1994. The census of the English waiting list counts the number of diagonal ‘lifelines’ using
waiting time categories which are three months wide and which reflect the quarter of enrolment. For
example, those recruited to the waiting list in July, August and September 1994 make up the 0-3 month
waiting time category censused at 30 September 1994. The counts at midnight on 30 September 1994

reflect the numbers still at-risk of admission halfway through their experience of a waiting time category.

In figure 2.1, each parallelogram contains the group of patients who would be censused in that waiting time
category at midnight, 30 September 1994, if they were still at-risk of elective admission. The census
counts those who will either survive the waiting time category or else be admitted, removed, reset to zero,
deferred or suspended before its close. The census can also be viewed as counting those at-risk at the start
of a waiting time category minus the admissions and competing events that precede the census. And an

enrolment cohort contributes information on the likelihood of admission from a single waiting time
category during the calendar period of interest.
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Hospital Episode Statistics only collects information on patients who have been admitted and does not
capture the waiting times of those removed or of those who have only been reset to zero, deferred or
suspended. And even if this were otherwise, event-based data capture would still omit incomplete
observations. As a result, event-based data capture cannot tell how many people were at-risk of admission

at the start of a waiting time category so the percentage admitted cannot be calculated from Hospital
Episode Statistics alone.

Figure 2.1 also allows us to distinguish between the waiting times of those listed together and the waiting
times of those enrolled together. Patients completing their first nine months on the waiting list between 1
October 1994 and 31 December 1994 belong to two distinct groups. They are members of the group of
patients listed together or at-risk of admission during the calendar period of interest i.e., the ‘synthetic’
cohort. And they are also members of the group of patients enrolled or put to the back of the queue
between 1 January and 31 March 1994 i.e., the ‘enrolment’ cohort. We don’t know anything about the
initial size of an enrolment cohort or about the subsequent wait of those newly recruited or put to the back
of the queue together until we reach the calendar period of interest. The members of the enrolment cohort
still on the waiting list at six months then live through the likelihood of admission experienced by the 6-9
month waiting time category of the ‘synthetic’ cohort between 1 July and 31 December 1994.

It is clear
that the waiting times of patients listed together are sampled from the waiting times of successive cohorts of

patients enrolled or put to the back of the queue together.

Non-random exclusions produce unrepresentative results

Bias is introduced wherever random samples are discarded because they give unacceptable results. We
might eventually find one which supports our presuppositions >’ but having used additional criteria to
determine which set of results will be reported, we can no longer claim that the sample was selected at

random. Nor can we claim to have conducted an independent test of the study hypothesis: the outcome of
the trial was a foregone conclusion!

Bias can also be introduced where we discard part of a study population. Imagine we want to verify that a
die generates numbers 1 to 6 at random. We throw the die and record the number which lands uppermost,
repeating the procedure so often that we produce a large and cumbersome set of results. So we discard
one-sixth of these to make the data more manageable but retain all the 3’s because we are really interested
in the probability of throwing a3. As a result, we increase the apparent likelihood of throwing a 3 from
1/6 to 1/5 even if the die was not loaded.

Discarding data quickly invalidates the results of a study unless the cases excluded are a random sample of
the population recruited. The double-blind randomised controlled trial goes to considerable lengths to
avoid the destructive effects of bias. Patients are allocated to treatment and control groups at random and
the study population preserved from the imposition of additional selection criteria by ‘blinding’. Asa

result, a patient’s subsequent decision to drop out of the study or a clinician’s subsequent decision to
withdraw a patient should bear no relation to treatment status in the trial.
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We should expect bias wherever patients are excluded from a study at some point after their initial
recruitment unless exclusion occurred at random 2 But the method used by the Government Statistical
Service only excludes waiting times that did not end in admission, reducing the size of the denominator
without a commensurate reduction in the size of the numerator. Fortunately, this effect is partly offset by

inclusion of the left censored waiting times which ended in admission during the period of interest.

A proportion, an odds, a ratio or the likelihood of admission?

In order to calculate the proportion admitted (,, g, ) by the end of a waiting time category (X, X + 1 ), we

need to know the number at-risk of admission at the start of the category 2 This can be estimated as the
sum of those ending in admission ( , 4, ) or some competing event (,, C, ) plus those surviving the category

(,S,)- (,C, representsall those whose experience of the waiting list ended when they were removed,
reset to zero, deferred or suspended from the list during the category.)

A

n--x

_ @.1).
nAx +an+nSx

ndx

If we left , A, out of the denominator in formula 2.1, we would end up calculating the odds of admission
from the category. Although this overestimates the probability of admission, the mistake could be easily
corrected using simple algebra. Unfortunately, this is not the case if ,C , or , S are missing; the

essential information appears in neither denominator nor numerator and has to be obtained from somewhere
else altogether.

The Government Statistical Service calculates the proportion of all elective admissions, admitted by the end
of a waiting time category "’ i.e.,

A
n‘tx 3470
nds = €8, 390 = (2.2).
Z ,n s s Aoy dytadgtidg A+ A+ A g+ Ay +. 4y,

This omits competing events (,, C, ) occurring in the category and assumes that the sum of all admissions in

‘subsequent’ waiting time categories equals the number surviving the category e.g., that
38y =3 Ay 3 dg 34y +3 A, +3A s+ 413 +345,+,4,, . Thisisuntrue. The sum of all ‘subsequent’

admissions observed in the calendar period of interest omits the sum of all ‘subsequent’ competing events.

And the discrepancy between the denominator used by the Government Statistical Service and that
proposed in formula 2.1 may be greater still.

If the size of the waiting list is increasing, the number surviving the category between 1 October and 31
December 1994 will exceed the number surviving the category between 1 July and 30 September 1994
(figure 2.2). Clearly, admissions and competing events are not occurring frequently enough to counter the
increase in the numbers enrolled or put to the back of the queue. As a result, the sum of all ‘subsequent’
admissions plus the sum of all ‘subsequent’ competing events will underrepresent the number surviving a

waiting time category. (The increase in the numbers enrolled or put to the back of the queue will reveal
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itself by an increase in the numbers ending in admission or some competing event in appropriate waiting
time categories after the close of the calendar period of interest.)

Figure 2.2: The Government Statistical Service approach to estimating the size of the population at-risk of elective
admission between 1 July and 31 December 1994 inclusive, where the English waiting list is ‘closed” and ‘stationary’
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Unfortunately, little of the information needed by formula 2.1 is collected by the Government Statistical

Service in England although the position can be improved by rearranging its elements to produce formula

2.3 (below). , P, represents the number still at-risk of admission from the category at the time of the
census and equals the sum of those surviving the category (,, S, ) plus those ending in admission ( , A, ) or

some competing event (,, C ) after the census but before the close of the category.

— nA:+nAx- (2 3)
T AT O P |

where , A7 and ,C; represent the admissions and competing events that precede the census.

The proportion admitted will only be an accurate estimate of the likelihood of admission if all the
admissions from a waiting time category precede all the competing events ?° i.e., if competing events almost
fall in the next category. In the absence of any information on the sequence of admissions and competing
events, formula 2.4 estimates the likelihood of admission if all the competing events from a waiting time
category occur so rapidly that they precede all the admissions. (In this situation, the ‘competing events’
observed were at-risk of admission so briefly that they contributed almost nothing to the extent of exposure
and can be discounted from this waiting time category.)

g = At .
A=, Co P o
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The true position lies somewhere between formula 2.3 and formula 2.4.

Conclusion and recommendations

The cumulative likelihood of admission estimated for any given ‘time-since-enrolment’ depends on how we
define the population ‘at-risk’ and on how we handle right and left censored waiting times. Asa result,

published statistics will be biased because they assume that the waiting list is both stationary and closed and
exclude all those not yet or never to be admitted.

In England, we have no information on the ‘time-since-enrolment’ of patients removed from the waiting
list, reset to zero, deferred or suspended. And although we measure the exact ‘time-since-enrolment’ for
most elective episodes, we do so using a different definition from the one we apply when enumerating those
still awaiting admission. As a result, we cannot carry out a thoroughly satisfactory empirical assessment of
the size and direction of bias in published statistics. Nevertheless we understand that 14% of patients in
Australia > may expect to be removed from the waiting list for some reason other than admission. Let us
assume that all these patients belonged to the second of the two groups discussed earlier. Then clinicians
should multiply the published cumulative likelihood for the relevant ‘time-since-enrolment’ by a factor of
0.86 to estimate the cumulative likelihood which applies to those who are about to join the national waiting
list. And as there is no reason to believe that the size and direction of bias will be fixed from one waiting

list to another, patients, clinicians, managers and politicians should expect existing comparisons of ranked
performance to be misleading.

Cumulative likelihoods of elective admission ought to be estimated by applying period lifetable techniques
to a complete and consistent set of ‘times-since-enrolment’. This approach could be applied with little

further ado to the Swedish National Cataract Register * or to the register maintained by the Adult Cardiac

Care Network of Ontario 2. But countries which collect waiting times conditional on the occurrence of an

event such as admission (England, Australia and New Zealand) will have to begin by collecting information

on the ‘time-since-enrolment’ of each patient recruited to their waiting list. This information should record

the reason why patients were removed from the list and will allow researchers to assess whether censoring
is informative or non-informative. In the meantime, stable population theory (chapters 3 & 4), period

lifetable techniques (chapter 5) and conditional probabilities (chapter 6) suggest lines of enquiry that may
give some idea of the size of the problem.
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Chapter Three

The rise and fall of the NHS waiting list: how do recruitment and admission affect official estimates
of the length of ‘time-to-admission’

Summary

In the UK, the Government Statistical Service (GSS) reports the percentage of elective admissions that
took place within three months of a patient being added to the waiting list. This percentage is calculated
from cross-sectional data using the total number of elective episodes within a specified calendar period as
denominator and the number of these enrolled on the waiting list less than three months previously as

numerator. The GSS publishes this statistic as a measure of the likelihood of elective admission within
three months of recruitment.

Now the number of elective admissions within 0-3 months reflects the likelihood of admission and the
numbers ‘at-risk’ of admission within the waiting time category and calendar period of interest. In other
words, the number of elective admissions within the 0-3 month waiting time category will increase if there
is any increase in the likelihood of admission or in the size of the population exposed to that likelihood.

So the numerator used by the GSS reflects conditions within the waiting time category throughout the
period of interest.

The admissions observed in each waiting time category are added together to give an indication of the
overall size of the population eligible for elective admission i.e., the data is handled as though it belonged
to a cohort followed to extinction rather than a cross-sectional ‘snap-shot’. This total assumes that the
number of patients eligible for elective admission 3-6 months after enrolment is identical to the number
surviving admission from the 0-3 month category although the two groups belong to cohorts of patients
which were recruited quite independently. This total also assumes that each admission ‘represents’ the
same number of patients at-risk regardless of waiting time category. In other words, the existing

approach views the waiting list as a closed and stationary population and only provides an unbiased
estimate under these conditions.

If waiting lists are not stationary, we should expect the GSS method to produce biased estimates of the

likelihood of admission. This paper explores the effect of relaxing stationary population assumptions to
the extent apparent in Department of Health data.

Introduction

Background

The numbers recruited to the English waiting list vary from quarter to quarter so that the numbers at-risk of
elective admission vary from one enrolment cohort to another. As a result, the number admitted with a

waiting time of 0-3 months this quarter may be greater than last quarter simply because there has been an

increase in the number of recruits. Yet the Government Statistical Service makes no allowance for this
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when it reports the number admitted within three months as a proportion of all those admitted electively
during the calendar period of interest.

The numbers admitted from the English waiting list also vary from quarter to quarter so that the numbers
surviving elective admission will vary from one enrolment cohort to another even if the numbers recruited
were the same. The Government Statistical Service makes no allowance for the fact that the numbers at-
risk of elective admission may have increased or decreased immediately prior to the calendar period of
interest. Instead, the Government Statistical Service assumes that attempts to reduce the size of the waiting
list have been ineffective and were in any case unnecessary because the waiting list shows no tendency to
get out-of-hand. The stationary population assumption ignores concerns about the growing size of the

English waiting list and dismisses attempts to reduce the numbers awaiting elective admission.

In this chapter we pretend that every patient enrolled on the English waiting list is admitted electively as a
matter of course. Although this runs contrary to many of the ideas underlying waiting list validation, there
are occasional waiting lists " where it appears to be a reasonable approximation. And the approach is
consistent with the reprehensible but well-established practice of discounting ‘times-to-competing-events’
in Health Services Research®. In any case, the assumption allows us to distinguish the effect of incorrectly

assuming that the waiting list is ‘stationary’ from the effect of incorrectly assuming that the waiting list is
‘closed’.

Objectives

This chapter aims to compare the proportion of all admissions, admitted within three months with the
period and category-specific likelihood of elective admission allowing for variation in the number enrolled
in the preceding enrolment cohorts and for variation in the number admitted over the preceding calendar
periods. The direction and extent of the discrepancy will be examined using unpublished Department of

Health data on the number newly recruited each quarter and on the total number admitted each quarter.

Materials & Methods

The stationary population

In a stationary waiting list, the rate of recruitment will be fixed and unchanging. Ignoring the slight
variation in the width of the three-month calendar period (90-92 days) and variable numbers of ‘working
days’, this would mean the same number of new ‘decisions-to-admit’ and the same numbers ‘reset-to-zero’
each quarter. In a stationary waiting list, the conditional likelihood of elective admission at any given
‘time-since-enrolment’ also does not change from one enrolment cohort to another. Now if the waiting list
is closed, elective admission is the only way of concluding a patient’s experience of the waiting list and the
number of elective admissions from the cohort will eventually account for all those originally recruited.
And because the conditional likelihoods of elective admission are fixed and operate on the same numbers

at-risk at each ‘time-since-enrolment’, the number of elective admissions each quarter will exactly equal the

number of new ‘decisions-to-admit’ and the numbers ‘reset-to-zero’ each quarter *.
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In 1760, Euler ® recognised it was possible to describe one quantity in terms of another in this remarkable
population so that missing data could be inferred from the limited information available. And Lotka ®
recognised that this remained the case even if the numbers ‘recruited’ increased or decreased at a fixed rate.
Stable population theory ” will be used to derive formulae which estimate the likelihood of admission

within three months allowing for variation in quarterly rates of recruitment and elective admission.

The Government Statistical Service calculates the proportion of all elective admissions which fall in a
particular three-month waiting time category as

admissions Ax admissions __ Ao

= - = 3.1)
. Sa, " U A+ A+ 4, + 4, + A, + A, + A, + A, + A, (

where X represents the start of the three-month waiting time category or ‘quarter’ in which A, elective

admissions were observed and where 2z defines the width of the final waiting time category and does not
exceed 8,157 days®.

Now these A, were generated by the operation of period, cohort and category-specific conditional

likelihoods (q x) on those surviving within an enrolment cohort to the waiting time category and period of

interest. Regrettably, we have no information on the size of the population at-risk within each waiting time
category over any specified calendar period. Let us assume for the moment that the waiting list is both
stationary and closed so that the numbers at-risk do not vary from one calendar period to another and so
that everyone enrolled can expect to be admitted eventually. As a result, we can estimate the numbers at-

risk within each waiting time category as that part of the number originally enrolled which survived to the
start of the calendar period and waiting time category of interest.

Let N represent the unvarying number of ‘decisions-to-admit’ to a stationary English waiting list plus the
fixed number ‘reset-to-zero’ each quarter i.e., the total number of ‘recruits’. Let g, represent the

stationary conditional likelihoods of elective admission from that waiting list over category X,X + #,
where n equals the width of the three-month waiting time category. Substituting these two terms in

formula 3.1 gives a fuller description of the proportion of all elective admissions, admitted over category

X,X + n from the stationary waiting list e.g.,

admissions __ q, N

; = (3.2).
goN +q, N(1-q,)+q,N(1-¢q,)1-q,)+...

qoN represents the number admitted electively within three months of their recruitment to the stationary

waiting list, ¢, N(1 — g, ) represents the number who survive their first three months to be admitted

electively three to six months after recruitment to the stationary waiting list and so on. The denominator in
formula 3.2 partitions the numbers at-risk of elective admission in the calendar period of interest between

the several waiting time categories. It also makes our assumptions explicit. The numbers enrolled and the
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numbers surviving each waiting time category are fixed and the conditional likelihoods of elective

admission do not vary from one enrolment cohort or from one calendar period to the next.

In fact there are three potential sources of variation each of which may make a fallacy out of the stationary
population assumption. In this chapter we use the reported numbers enrolled and the reported numbers
admitted to examine the effect of quarterly variation on the size of the population at-risk at each ‘time-
since-enrolment’ and on the proportion of all elective admissions admitted within three months. And in

the next chapter we examine the effect of category-specific conditional likelihoods that change from quarter
to quarter.

Adijusting for non-stationary recruitment rates

Now the English waiting list is not stationary because the number of ‘recruits’ changes from one quarter to

the next (figure 3.1). Let N, represent the number of ‘decisions-to-admit’ plus the number ‘reset-to-zero’
in the first quarter of interest i.e., the total number recruited to the cohort generating A , and let N 0%
represent the total number recruited to each preceding enrolment cohort. Let No-x| represent the ratio of
‘recruits’ in a preceding quarter to ‘recruits’ in the first quarter of interest so that 1, = N, /N,

r, = N, /N, andsoon. The proportion of all elective admissions, admitted over category X, X + 1

during the calendar period of interest then becomes

missions _ N, xq,
9 = (3.3)
Ny xqy + Nogr, x(1-q4)q, + Nor, x(1~-g,)1-g,)q,+...

where Nor, x(1-g,)q, represents the number of recruits the previous quarter who survive their first

three months to be admitted electively three to six months after recruitment to the waiting list. This

formula gives a more explicit description of the proportion of all elective admissions, admitted within three

months, where the conditional likelihoods of elective admission are stationary but operate on enrolment
cohorts of varying size.

Now we want to estimate period-specific conditional likelihoods of elective admission which allow for

variation in the size of enrolment cohorts (q:) . And we want to do so using cohort-specific counts of
elective admissions within each waiting time category (Ao I . ) , the number recruited in the first

quarter of interest (N 0) and the ratio of the number originally enrolled in each preceding enrolment cohort
to the number recruited in the first quarter of interest (rl by seensky ) . q; X Nory(1=g,) = 4,, the
number of elective admissions generated by N7, recruits, three to six months after their enrolment on the

list. Therefore g, Ny(1—g,) = A4, /r, , the number of elective admissions we would have expected three

to six months after enrolment on the list given the prevailing period and category-specific conditional

likelihoods, had the number of recruits been fixed at the current figure. By substituting equivalent terms in
formula 3.3, we obtain the following;
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We have already seen that the method used by the Government Statistical Service assumes there is no

variation in the size of the population at-risk (formula 3.2). Now it is clear that q;'d”'iss'o”" only equals g,

where N, = N, sothat 7, =1 forall x: where r, # 1, formula 3.1 cannot give the correct result’.

Figure 3.1: Recruitment to the Orthopaedic waiting list and elective Orthopaedic ‘admissions’ from it quarter by quarter
at St. Heliers NHS Hospital Trust (RAZ)

T4.398 Id.443 TA4.494 TA4.473 TA.533 TA4.445 T4.453

/
2 B

Number of completed ‘quarters’ on list
W

N,-574 N,.537 N,.536 N,.603 N,-568 N,.517 N,.s44

N, - 570

Calendar date

Adjusting for non-stationary rates of admission

Formula 3.4 assumes that the number of elective admissions expected only differs from the number of
elective admissions observed (Ax) as a result of variations in the number of recruits each quarter. It
allows us to estimate period and category-specific conditional likelihoods of elective admission regardless
of whether ., =1 or 7, # 1 but, like the Government Statistical Service, assumes that the total numbers

admitted electively would not vary from one period to the next if recruitment rates were stationary. This is
quite unrealistic and is equivalent to assuming that patients will be admitted electively only ‘when their

time comes’, regardless of all the other factors thought to have an influence.

Let R, represent the ratio of elective admissions in a preceding six month period to elective admissions in
the six month period of interest (figure 3.1). R, represents the degree to which conditional likelihoods in

earlier periods were inflated or deflated relative to those prevailing in the period of interest (q,) as a result

of period-specific increases or decreases in hospital activity. Now where one cohort is subjected to a
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higher likelihood of admission than another yet yields the same number of elective admissions, the number

surviving long enough to be at-risk in the first population must have been smaller than the number

- adissi .
surviving long enough to be at-risk in the second. Asaresult, g;"*** and g, can only estimate the

period-specific conditional likelihoods (qx) correctly where R, =1. Let N represent the unvarying
number of ‘decisions-to-admit’ plus the fixed number ‘reset-to-zero’ each quarter i.e., the stationary rate of

recruitment to the waiting list. Substituting N and R, in formula 3.1 gives us

admissions __ qo N

(3.5).
0 g N+q,N(1-q,R)+q,NA—-q,R,)1-q,R)+...

We want to estimate period-specific conditional likelihoods of elective admission allowing for historical

variation in quarterly admission rates (qf) . And we want to do so using cohort-specific counts of

admissions within each waiting time category (A0 A .. .,zAs) , the total number admitted in each
quarter (ZA) , the ratio of the number admitted in each preceding six month period to the number admitted

in the six month period of interest (Rl R, ,...,Rs) and the unknown period-specific conditional

likelihoods (q, ) Setting aside variations in the numbers originally recruited, N(1—-q,R,)q, = 4,

represents the number recruited the previous quarter who survive their first three months on the waiting list

and the admission rates prevailing at the time, to be admitted electively three to six months after

recruitment to the waiting list, in the period of interest. So N(1—g,)q, = 4,(1-g,)/(1-¢q,R)) is

the number of elective admissions we would expect in the three to six month waiting time category had
there been no variation in the total numbers admitted in each of the calendar periods survived. Substituting
equivalent terms in formula 3.5 gives us the following:

4,

(-a) , (-4)1-4) oo
Aot 4 (l _q‘oIRl) th (1"%‘1122)(1 _“IllRl)-h“

qg =

By definition g, and (l -q x) are stationary so that the numbers admitted in each waiting time category

exactly reflect the numbers at-risk during that calendar period. As a result, the conditional likelihood of

A -4
surviving three months on the waiting list within the reference period (1 - qo) = _Z_x___()_

24

A, -4,-4 A, -4, -4, -4
(-a)= i ) LL A

ZA,:-AO ZA,—AO-Al , and so on.

Adjusting for non-stationary recruitment and admission rates

An identical train of reasoning allows us to specify formula 3.7 which adjusts for variation in the numbers
recruited and in the numbers admitted each quarter.
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q§'= _ ) °

(1 —-qo)(l—ql) N @3.7.

Formulae 3.1, 3.4, 3.6 and 3.7 were used to calculate g2"**™™, g, q& and q¢" for Trauma &

Orthopaedic waiting lists at 11 hospitals in South Thames Region around 30 September 1994 (table 3.5).

Data Required

The Government Statistical Service collates the KH06, KHO7 and KHO7A returns for England '° and

publishes an aggregated version of the KH07 census alongside a monthly admission rate derived from the

KHO06 count of admissions '". The rest of the data is not routinely published but was made available as an

electronic dataset allowing extraction of the number of ‘decisions-to-admit’ to the waiting list each quarter
and of the number of patients self-deferring and failing to attend each quarter. (We will assume that all
those self-deferring or failing to attend were put to the back of the queue by having their time on the list
‘reset-to-zero’ in the same quarter.) These three counts were extracted for each Orthopaedic waiting list in
South Thames Region and summed to give the number of ‘recruits’ each quarter (N, : table 3.1) and these
were used in turn to calculate the ratio of recruitment in preceding quarters to recruitment in the first
quarter of interest (7, : table 3.4). No equivalent information exists for elective Hospital Episode
Statistics so we have assumed that increases and decreases in the number of ‘potential’ elective episodes
may be of the same order of magnitude as the increases and decreases in the number of ‘recruits’ reported.
(Unfortunately, the number of ‘potential’ elective episodes can only be constructed in retrospect having

followed the cohort to extinction i.e., for z or 8,157 days.) Unfortunately at 30 September 1994, the

KH06 and KHO7A returns only provide a long enough series of data to construct g, g¢ and gy for 11
out of 34 Orthopaedic waiting lists in South Thames Region.

In the same way, Hospital Episode Statistics ® publishes a limited number of counts which represent
aggregated groups of episodes where each episode represents a record in the electronic dataset for England.
IBM United Kingdom Limited copied six variables from each elective episode in the electronic dataset for
1994/95 and supplied the resulting data on CD-ROM. The Statistical Package for the Social Sciences ?
was used to select episodes where dates of recruitment were neither missing nor set to the default value (15
Oct 1582), where dates of ‘admission’ fell between 1 July and 31 December 1994 inclusive, where waiting
times did not take negative values and where elective ‘admission’ was to Trauma & Orthopaedic (110)

units in South Thames Region (YS5). These episodes were then cross-tabulated by enrolment cohort,
waiting time category and hospital (table 3.2) providing period, cohort and category-specific counts (A,) .

The Statistical Package for the Social Sciences was also used to produce period-specific totals (£A4 : table

3.3) which were in turn used to calculate the ratio of the average number of ‘admissions’ in each preceding

six month period to the average for the six month period of interest ( R|0_x| : table 3.4).
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Results

The number of ‘recruits’ each quarter who subsequently end in elective admission can be constructed
retrospectively from Hospital Episode Statistics. However, patients who are never to be admitted
contribute nothing to Hospital Episode Statistics while patients yet to be admitted have to be added back in
from subsequent periods of data collection. As a result, the number of ‘recruits’ estimated in this fashion
probably falls far short of the true position in the most recent quarters of data collection (appendix 3, table

3.1a). If this were not recognised, the number of ‘recruits’ estimated from Hospital Episode Statistics

would suggest declining recruitment to English waiting lists in the most recent quarters.

Several alternative versions of table 3.3 can be produced i.e., using all elective episodes regardless of
whether the date of enrolment is valid or not (appendix 3, table 3.3a), using all elective episodes where the
date of enrolment is not missing (appendix 3, table 3.3b) and using the KH06 count of admissions
(appendix 3, table 3.3¢c). Although the presence, direction and extent of bias varies depending on which
set of data is used, there is evidence that not all Trauma & Orthopaedic waiting lists in South Thames
Region can be assumed to be stationary (table 3.5). As a result, any attempt to correct the published
estimates must begin by establishing which version of table 3.3 ought to be used. We recommend counts
of elective episodes with valid dates of enrolment because they are the sole source of information on
‘times-to-admission’ (table 3.2). If we want to use any of the other alternatives, we must consider whether
the ‘times-to-admission’ associated with them might be different. In other words, table 3.2 is consistent

with the version of table 3.3 presented below and not necessarily with any of the alternatives shown in
appendix 3.

If the number recruited each quarter has been increasing 3, the ratio of recruits in each preceding quarter to
recruits in the quarter of interest will be <1.0. All other factors being equal, it is clear that the

denominator used to calculate go"***" (formula 3.1) will be smaller than would have been the case had

there been no such increase. As aresult, the Government Statistical Service would overestimate the

period-specific conditional likelihood of elective admission within three months (qo ) In a similar

fashion, the Government Statistical Service will overestimate g, where the total number of admissions each
quarter has been decreasing so that the ratio of admissions in each preceding six month period to
admissions in the six month period of interest is > 1.0. And table 3.4 shows how a decrease in the numbers

recruited can combine with an increase in the numbers admitted to exaggerate a Government Statistical

Service underestimate of g, .

Table 3.5 shows how the adjustments throw doubt on assessments of waiting list performance based on the

proportion of all elective admissions, admitted within three months (qg"""”’"’"’) . The values of
admissions
90

from 11 Trauma & Orthopaedic waiting lists in South Thames Region ranged from 27.27% at
RDR to 62.32% at RHG i.e., the proportion admitted within three months of enrolment varied from one list

to another over a range of 35.05 percentage points. If we allow for non-stationary recruitment and
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admission, we have to adjust the values of ge"**”" by anywhere between —9.06 and +5.47 percentage

points. Given the limited range of values taken by qomissions. this represents a substantial error in official

estimates of the likelihood of elective admission. (Table 3.5 also shows that values of g¢-"*"”" may need

adjusting by between —8.87 and +6.57 percentage points, by between —5.75 and +6.39 percentage points or

by between —5.72 and +13.20 percentage points if we decide to use one of the alternative counts of
admissions rather than valid elective episodes.)

Table 3.5 makes it plain that the presence of such an error can only be assessed where we have an adequate
series of historical information. In other words, we can only acquit the estimate produced using the official
method where we know that recruitment and admission rates were stationary or counteracted one another.

Although there were 34 Trauma & Orthopaedic waiting lists in South Thames Region at 30 September

1994, q: " could only be calculated for 11 of them. As a result, we do not know when the value of

g"’""“""" provides a reliable indication of the likelihood of elective admission to any of 23 provider units

or when it substantially over- or under-estimates the true position.

g, changes the ranked performance of 4 out of 11 hospitals, q(f changes the ranked performance of 5 out

of 11 hospitals and q(f " changes the ranked performance of 5 out of 11 hospitals (figure 3.2: a, b, c). But

the significance of the error has little to do with the frequency with which it occurs. Patients who went to

the trouble of choosing RDL rather than RDU, RAX, RGW, RAZ or RA1 have clearly been misled by

admissions

0 . If it was important that 52.31% of all admissions were admitted within three months at RDL

compared with 49.35%, 48.14%, 47.95%, 43.04% or 42.39% elsewhere then a q{f’ value of 43.25% at

RDL may well be unacceptable compared with values of 51.80%, 47.12%, 53.42%, 48.29% or 45.90%

elsewhere. In other words, every time ™" are used to identify good practice, place contracts or

make referrals, they may reward poor performance and penalise the very people who are prepared to shop
around for a prompter service.

Discussion

Formula 3.7 assumes that the difference between the number of elective admissions observed (A x) and

those expected can be explained by historical change in the number recruited to the waiting list each quarter
or by historical change in the number admitted from the waiting list each quarter. This allows us to use the
observed values of A, , , and R, to calculate the number of elective admissions expected in each
waiting time category had there been no such change. Unfortunately, this still does not allow for the third
or category-specific source of variation because it assumes that each of those admitted reached the usual

position in the queue immediately prior to their admission i.e., that one category-specific conditional
likelihood does not change relative to another within the same calendar period.
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Figure 3.2: Changes in ranked performance as a result of replacing formula 3.1 with formula 3.4 (A), formula 3.6 (B)

and formula 3.7 (C)

gdmisswns g-r(; ﬂgdmimons g.g g-oadmissmns g-gr
1 RIG RIG 1 1 RHG RHG 1 1 RHG RHG 1
2 RDL RGW s 2 RDL RAX 4 2 RDL RGW s
3 RDU RDU 3 3 RDU RDU 3 3 RDU RDU 3
4 RAX RDL 2 4 RAX RGW s 4 RAX RAZ ¢
s RGW RAZ g 5 RGW RDL 2 5 RGW RAX 4
¢ RAZ RAX 4 6 RAZ RA1 7 6 RAZ RA1 7
7 RAl RAl 7 7RA1><RAZs 7 RAl RDL 2
s RDM RDM 8 s RDM RDM 8 s RDM RDM &8
¢ RA2 RA2 9 ¢ RA2 RA2 o g RA2 RA2 9
10 RDV RDV 10 10 RDV RDV 10 10 RDV RDV 10
11 RDR RDR 11 11 RDR RDR 11 11 RDR RDR 11

Spearmans r =0.92

Spearmans r =0.93 Spearmans r =0.82

The position of an individual in the queue immediately prior to admission provides the most exact
description possible of the likelihood of elective admission with that waiting time that day (chapter 7). It
reflects the length of time this individual had been waiting compared with the rest of the list. It reflects the
priority assigned to this individual compared with everyone else on the list. And it reflects the total
number at-risk of elective admission and the level of surgical activity that day. If patients are not admitted
until they reach the usual position in the queue, then there has been no change in relative priority e.g., there
has been no change in the mix of urgent and routine cases, the emphasis on long waiting times or the
distinction between contracts. And there has been no change in the order in which patients are selected for
admission from the list. However if one category-specific conditional likelihood has changed relative to
another, estimates of the likelihood of elective admission will have to be adjusted to allow for this third

source of variation and chapter 4 explores the effect of non-stationary conditional likelihoods.

In chapter 2 we mentioned various ways in which patients may be shed from the population at-risk without
being admitted electively. Removal, like admission, brings the individual’s ‘time-since-enrolment’ to a
complete stop. ‘Self-deferral’ and ‘failure-to-attend’ wipe out the ‘time-since-enrolment’ accumulated to-
date. Medical deferral and suspension on administrative grounds temporarily remove the individual from
the waiting list. As a result, those enrolled have to survive competing events as well as elective admission
if they are to appear on the waiting list in the calendar period of interest. And data confined to elective
admission only allows us to estimate likelihoods conditional on the fact of admission i.e., estimates only
apply to those who will be admitted. The method used by the Government Statistical Service and the

alternatives developed in this paper overestimate the likelihood of elective admission where the waiting list
is not a closed population (chapter 6).
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Conclusions & Recommendations

This chapter illustrates the effect of assuming that the waiting list is stationary where the rates of
recruitment show the sort of variation suggested by the KH06 and KHO7A returns and where rates of
admission show the sort of variation suggested by valid elective episodes. The period-specific conditional
likelihood of elective admission within three months may be overestimated or underestimated by the
Government Statistical Service using formula 3.1 and the performance of a waiting list made to appear
better or worse than it really is. It is clear that the Government Statistical Service has invoked the

stationary population assumption naively and, as a result, published estimates should be handled with
caution.

We expect the discrepancy between the official estimate and that produced using formula 3.7 to diminish
when a number of waiting lists are aggregated and we expect the size and frequency of the discrepancy to

increase the more narrowly we define the list of interest. As a result, we should be particularly critical of

procedure-specific estimates "*", of diagnosis-specific estimates '* and of estimates prepared for small,

geographically defined populations '®. It seems that the harder we try to eliminate confounding, the more
biased Government Statistical Service estimates become.

Wherever possible, an attempt should be made to assess the presence, direction and extent of bias when
using formula 3.1. If we are going to use formula 3.7 instead, we will need consistent information on the
numbers recruited to and admitted from the waiting list over a sufficient series of quarters. And we still
have to assume that waiting lists are closed populations, with the same unchanging mix of priority cases '’
and where patients are selected for admission in the same unchanging order '*. Chapter 4 takes this
approach to its natural conclusion by allowing for non-stationary conditional likelihoods. And chapter 5
illustrates an alternative approach in which we count the numbers at-risk of elective admission in the period

of interest, measure the distribution of their waiting times and avoid all these assumptions by using lifetable
techniques.
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Table 3.1: Count of the numbers recruited to Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter enrolled BY hospital

Source: KH952 KH951 KH944 KH943 KH942 KH941 KH934 KH933 KH932

Quarter: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital N, * N+ N,* N,* N * N+ N, * N,* Ng*
RA1l 751 793 762 592 659 491 549 501 579
RA2 512 422 569 592 618 521 558 549 533
RAV - - - - - - 967 829 883
RAX 521 499 428 424 429 353 381 268 361
RAZ 498 570 544 517 568 603 536 537 574
RCY 117 - - - - - - - -
RDL 922 1,044 1,016 486 661 783 737 851 716
RDM 649 576 633 603 654 570 589 576 431
RDR 23 17 28 20 18 18 21 16 19
RDU 478 598 556 516 415 467 485 478 359
RDV 614 583 589 612 528 536 508 589 572

RG1 449 450 503 503 585 507 - -
RG2 324 310 345 345 288 258 - -



Contd 3.1: Count of the numbers recruited to Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter enrolled BY hospital

Source: KH952 KH951 KH944 KH943 KH942 KH941 KH934 KH933 KH932

Quarter: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital N,* N,* N,* N,* N, * N,* N+ N,* Ng*
RG3 318 1,070 545 545 1,142 679 - - -
RGU 444 390 453 453 458 392 - - -
RGV 319 409 357 446 418 436 - - -
RGW 332 374 401 401 302 375 - - -
RGX 86 94 107 107 92 92 - - -
RGZ 530 963 454 454 417 426 - - -
RHE 298 279 266 312 320 298 - - -
RHG 300 333 275 293 295 284 - - -
RHH 460 450 514 458 457 439 - - -
RJ1 700 885 807 664 396 485 - - -
RJ2 879 536 500 441 628 455 - - -
RJ6 775 645 694 650 780 614 - - -

RJ7 503 483 415 309 191 268 - - -



Contd 3.1: Count of the numbers recruited to Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter enrolled BY hospital

Source: KH952 KH951 KH944 KH943 KH942 KH941 KH934 KH933 KH932

Quarter: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital N,* N, + N,* N,* N,* N+ N+ N,* Ns *
RIZ 69 313 78 78 299 350 - - -
RN7 369 396 - - - - - - -
RPA 589 641 - - - - - - -
RPC 47 28 - - - - - - -
RPD 382 358 - - - - - . -
RPF 1,117 1,100 - - - - - - -
RPL 699 635 - - - - - - -
RPR 477 449 - - - - - - -
RPS 376 446 - - - - - - -

* New ‘decisions-to-admit’ (KHO6) plus those self-deferring or failing-to-attend (KHO07A) who are assumed to have been ‘reset-to-zero’ that

quarter

Note
The ‘boxes’ highlight the only occasions when a number appears more than once in arow. It seems likely that some of these are imputed rather than counted.



Table 3.2: Count of valid * elective episodes sampled from selected enrolment cohorts - 1 July to 31 December 1994 incl.

Trauma & Orthopaedics in South Thames Region BY waiting time category BY hospital

Enrolled: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital A4, 4, 4, 4, A, A Y 4, o A4s
RAIT 234 175 90 38 12 1 1 1 0
RA2 146 72 36 33 54 22 22 3 3
RAV - - - - - - - - -
RAX 194 102 51 50 6 0 0 0 0
RAZ 207 100 66 37 46 20 3 1 1
RCY 109 38 46 35 6 0 0 0 0
RDL 272 77 61 40 21 23 15 6 5
RDM 201 104 77 32 33 51 2 0 0
RDR 3 0 4 4 0 0 0 0 0
RDU 189 69 44 41 20 10 3 4 3
RDV 147 117 36 23 57 17 1 0 0
RG1 162 74 29 17 11 13 3 0 0
RG2 129 82 40 31 22 14 8 2 2

11 2 2

RG3 258 77 51 63 59 39



Contd 3.2: Count of valid * elective episodes sampled from selected enrolment cohorts - 1 July to 31 December 1994 incl.

Trauma & Orthopaedics in South Thames Region BY waiting time category BY hospital

Enrolled: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital 4, A4, 4, 4, 4, A; A 4, 4
RGU 178 55 29 24 19 22 5 0 0
RGV 151 67 44 16 13 2 1 0 0
RGW 82 32 15 5 21 16 0 0 0
RGX 120 25 28 16 1 0 0 0 0
RGZ 217 39 16 13 11 16 4 0 0
RHE 51 22 34 29 27 45 9 3 3
RHG 129 44 24 5 3 2 0 0 0
RHH 133 68 68 25 27 24 10 5 2
RJ1 214 68 54 37 41 26 1 8 2
RJ2 125 62 34 32 24 18 9 0 1
RJ6 244 113 51 59 45 12 2 0 4
RJ7 158 72 35 17 7 3 1 2 1
RIZ 111 65 44 19 22 32 13 0 0

1 0 0

RN7 147 107 61 30 36 3



Contd 3.2: Count of valid * elective episodes sampled from selected enrolment cohorts - 1 July to 31 December 1994 incl.
Trauma & Orthopaedics in South Thames Region BY waiting time category BY hospital

Enrolled: 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3

Hospital AO Al AZ A3 A4 A5 A6 A7 z A8
RPA 244 75 53 24 24 20 2 0 2
RPC 26 2 0 0 4 0 0 0 0
RPD 158 64 27 28 32 22 6 0 0
RPF 354 119 95 75 60 21 8 3 2
RPL 223 108 59 55 40 33 9 3 3
RPR 79 39 37 37 60 74 9 1 0
RPS 118 93 58 28 10 10 2 0 0

* Episodes where the date of enrolment was neither blank nor set to ‘15 Oct 1582’



Table 3.3: Count of the total number of valid * elective episodes generated by Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter of ‘admission’ BY hospital

1994 Q4 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3
Specialty 24 24 24 z4 24 24 24 24 24 zA4
RAl 525 558 487 427 333 404 367 414 381 465
RA2 361 364 352 390 415 401 356 397 376 349
RAV - - - - - - - - - -
RAX 310 439 327 327 266 259 250 247 263 331
RAZ 450 510 397 453 445 533 473 494 443 398
RCY 219 221 272 180 43 - - 94 232 230
RDL 507 495 582 642 501 427 432 460 454 504
RDM 511 448 461 462 439 445 368 329 377 355
RDR 15 13 15 15 17 6 16 16 6 12
RDU 442 391 454 499 353 242 295 275 238 168
RDV 324 442 451 447 313 277 356 353 375 426
RG1 299 285 249 210 222 260 266 14 - -
RG2 320 362 363 338 295 268 404 10 2 -
RG3 590 514 423 392 403 473 448 31 - -
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Contd 3.3: Count of the total number of valid * elective episodes generated by Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter of ‘admission’ BY hospital

1994 Q4 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3
Specialty >4 ZA YA >4 24 24 24 X4 24 24
RGU 305 300 288 299 242 279 265 22 - -
RGV 277 288 265 297 278 282 247 13 - -
RGW 183 177 207 151 169 171 185 - - -
RGX 95 85 93 94 103 86 96 2 - -
RGZ 307 319 319 273 275 353 379 1 - -
RHE 207 221 159 225 187 120 152 11 - -
RHG 175 220 180 220 192 191 223 12 - -
RHH 384 332 307 333 355 307 341 36 - -
RJ1 400 462 464 529 474 494 478 42 1 1
RJ2 350 295 354 335 200 306 302 14 1 -
RJ6 474 487 493 518 413 485 442 20 - -
RJ7 352 262 303 306 144 135 137 25 - -
RIZ 250 311 290 284 260 266 247 14 - -
RN7 395 373 414 13 - - - - - -
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Contd 3.3: Count of the total number of valid * elective episodes generated by Trauma & Orthopaedic waiting lists in South Thames Region

BY quarter of ‘admission’ BY hospital

1994 Q4 1994 Q3 1994 Q2 1994 Q1 1993 Q4 1993 Q3 1993 Q2 1993 Q1 1992 Q4 1992 Q3
Specialty DI | 24 >4 24 24 24 24 24 x4 34
RPA 400 496 523 33 - - - - - -
RPC 29 22 34 - - - - - - -
RPD 367 311 376 10 - - - - - -
RPF 679 748 623 26 - - - - - -
RPL 556 502 479 21 - - - - - -
RPR 345 307 261 10 1 - - - - -
RPS 328 281 329 18 - 1 ! - - -

* Episodes where the date of enrolment was neither blank nor set to ‘15 Oct 1582’

Note

data capture began. These are shown in italics.

Small numbers of patients were discharged during a period when ‘their’ Trauma & Orthopaedic unit contributed data to Hospital Episode Statistics but had been admitted before such
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Estimating the period-specific conditional likelihood of elective admission within three months

Table 3.4:
Trauma & Orthopaedics at St. Helier’s NHS Hospital Trust (RAZ)
‘Proportion of all admissions, Adjusted for historical Adjusted for historical Adjusted for both
admitted within three months’ recruitment rates admission rates
Completed [ 4, 4 (1-g,) r, Afr, A R, (1-q.) A* A | (1-4) A, A
waiting time >4, >(4./r) (1-4.R) XA | (-R)F Y (4/r)
(‘quarters’)
3.1) 349 (3.6) &N)]
0 207 0.4304 0.5696 1.0000 207.0 0.4581 1.0000 1.0000 207.0 0.4546 1.0000 207.0 0.4829
1 100 0.6350 1.1446 874 0.9448 0.9600 96.0 0.8387 83.9
2 66 0.6207 1.0924 60.4 0.8854 0.8920 58.9 0.8166 539
3 37 0.6574 1.0382 35.6 0.9354 0.8654 32.0 0.8336 30.8
4 46 0.3521 1.1406 40.3 1.0188 0.8885 40.9 0.7790 35.8
5 20 0.2000 1.2108 16.5 1.0479 0.8644 17.3 0.7139 14.3
6 3 0.4000 1.0763 2.8 1.0073 0.6846 2.1 0.6360 1.9
7 1 0.5000 1.0783 0.9 0.9760 0.5808 0.6 0.5386 0.5
8 1 0.0000 1.1526 0.9 0.8760 0.6185 0.6 0.5366 0.5
Totals 481 451.9 4553 428.7
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Table 3.5: Adjusting published estimates of the proportion of

all elective admissions, admitted within three months

(q :dmissions) , to allow for historical

changes in recruitment rates (qg ) , in admission rates (q: ) , and the combined effect of historical changes in both (q:’ )

Results using alternative sources of data (appendix 3)

Valid KHO06/07A  Valid episodes Non-missing Elective KH06
episodes ‘recruits’ episodes episodes admissions
Hospital | g adnissions | g1 _ ggcmission g% — ggmors g &r — gadmisions || qf — qaomisiors g e _ g amissions | gt _ qacmisions g e _ g atwissions [ g R _ qacmisions g R _ g amissions
RAI 0.4239 -0.0021 0.0329 0.0351 0.0239 0.0256 0.0163 0.0171 0.0317 0.0337
RA2 0.3734 0.0043 -0.0156 -0.0098 -0.0192 -0.0132 0.0084 0.0120 -0.0115 -0.0057
RAX 0.4814 -0.0316 0.0195 -0.0102 0.0278 -0.0014 0.0187 -0.0115 0.0232 -0.0064
RAZ 0.4304 0.0277 0.0243 0.0525 0.0232 0.0515 0.0392 0.0675 0.0224 0.0506
RDL 0.5231 -0.0368 -0.0508 -0.0906 -0.0492 -0.0887 -0.0200 -0.0575 -0.0239 -0.0572
RDM 0.4020 -0.0189 0.0219 0.0028 0.0219 0.0028 0.0090 -0.0099 0.0188 -0.0002
RDR 0.2727 0.0025 -0.0072 -0.0049 -0.0072 -0.0049 -0.0185 -0.0185 0.0025 0.0025
RDU 0.4935 0.0255 -0.0045 0.0245 -0.0006 0.0286 0.0087 0.0371 -0.0278 -0.0009
RDV 0.3693 -0.0175 -0.0327 -0.0491 -0.0366 -0.0530 -0.0248 -0.0418 -0.0332 -0.0496
RGW 0.4795 0.0519 -0.0008 0.0547 0.0103 0.0657 0.0089 0.0639 0.0679 0.1320
RHG 0.6232 0.0058 -0.0092 -0.0036 -0.0141 -0.0086 -0.0374 -0.0328 0.0006 0.0064
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Chapter Four

Trends in waiting times for elective admission: assertion and counter-assertion in the teeth of the
evidence?

Summary

In the UK, the Government Statistical Service reports the cumulative percentage of elective ‘admissions’
that took place within a given ‘time-since-enrolment’ on the waiting list. These percentages are calculated
from cross-sectional data using the total number of valid elective episodes within a specified calendar

period as denominator and the number of these who were enrolled on the waiting list three or twelve
months previously as numerator.

Now the number of elective admissions from a particular three-month waiting time category reflects the
category-specific conditional likelihood of elective admission and the size of the population at-risk within
that category during the calendar period of interest. Let us assume that a fixed number of patients are
enrolled on this waiting list each quarter, that the same fixed n