Health Technology Assessment 2000; Vol. 4: No. 22

Methodology

Using routine data to complement
and enhance the results of randomised

controlled trials

JD Lewsey
AH Leyland
GD Murray
FA Boddy

Health Technology Assessment HTA
NHS R&D HTA Programme

-3


Copyright notice

© Queen's Printer and Controller of HMSO 2001

HTA reports may be freely reproduced for the purposes of private research and study and may be included in professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising

Violations should be reported to hta@soton.ac.uk

Applications for commercial reproduction should be addressed to HMSO, The Copyright Unit, St Clements House, 2–16 Colegate, Norwich NR3 1BQ

© Queen's Printer and Controller of HMSO
 


Standing Group on Health Technology

Current members

Chair:

Professor Kent Woods
Professor of Therapeutics,
University of Leicester

Professor Martin Buxton
Director & Professor of
Health Economics,

Health Economics

Research Group,

Brunel University

Professor Shah Ebrahim

Professor of Epidemiology
of Ageing, University of Bristol

Professor Francis H Creed
Professor of

Psychological Medicine,
Manchester Royal Infirmary

Past members

Professor John Gabbay
Director, Wessex Institute
for Health Research

& Development

Professor Sir John

Grimley Evans

Professor of Clinical Geratology,
Radcliffe Infirmary,

Oxford

Dr Tony Hope

Clinical Reader in Medicine,
Nuffield Department of
Clinical Medicine,
University of Oxford

Professor Richard Lilford
Regional Director of R&D,
NHS Executive West Midlands

Dr Jeremy Metters
Deputy Chief Medical Officer,
Department of Health

Professor Maggie Pearson
Regional Director of R&D,
NHS Executive North West

Mr Hugh Ross
Chief Executive,

The United Bristol
Healthcare NHS Trust

Professor Trevor Sheldon
Joint Director, York Health
Policy Group, University of York

Professor Mike Smith
Faculty Dean of Research
for Medicine, Dentistry,
Psychology & Health,
University of Leeds

Dr John Tripp

Senior Lecturer in Child
Health, Royal Devon and Exeter
Healthcare NHS Trust

Professor Tom Walley
Director,

Prescribing Research Group,
University of Liverpool

Dr Julie Woodin
Chief Executive,
Nottingham Health Authority

Professor Sir Miles Irving”
Professor of Surgery,
University of Manchester,
Hope Hospital, Salford

Dr Sheila Adam
Department of Health

Professor Angela Coulter
Director, King’s Fund,
London

Professor Anthony Culyer
Deputy Vice-Chancellor,
University of York

Dr Peter Doyle

Executive Director, Zeneca Ltd,
ACOST Committee on Medical
Research & Health

Professor John Farndon
Professor of Surgery,
University of Bristol

Professor Charles Florey
Department of Epidemiology
& Public Health, Ninewells
Hospital & Medical School,
University of Dundee

Professor Howard
Glennester

Professor of Social Science
& Administration, London
School of Economics &
Political Science

Mr John H James

Chief Executive,

Kensington, Chelsea &
Westminster Health Authority

Professor Michael Maisey
Professor of

Radiological Sciences,

Guy’s, King’s & St Thomas’s
School of Medicine & Dentistry,
London

Mrs Gloria Oates
Chief Executive,
Oldham NHS Trust

Dr George Poste
Chief Science & Technology
Officer, SmithKline Beecham

Professor Michael Rawlins
Wolfson Unit of

Clinical Pharmacology,
University of Newcastle-
upon-Tyne

Professor Martin Roland
Professor of General Practice,
University of Manchester

Professor Ian Russell
Department of Health Sciences
& Clinical Evaluation,
University of York

Dr Charles Swan
Consultant Gastroenterologist,
North Staffordshire

Royal Infirmary

* Previous Chair

Details of the membership of the HTA panels, the NCCHTA Advisory Group and the HTA
Commissioning Board are given at the end of this report.



fHT.t\-> @

| INAHTA

How to obtain copies of this and other HTA Programme reports.

An electronic version of this publication, in Adobe Acrobat format, is available for downloading free of
charge for personal use from the HTA website (http://www.hta.ac.uk). A fully searchable CD-ROM is
also available (see below).

Printed copies of HTA monographs cost £20 each (post and packing free in the UK) to both public and
private sector purchasers from our Despatch Agents.

Non-UK purchasers will have to pay a small fee for post and packing. For European countries the cost is
£2 per monograph and for the rest of the world £3 per monograph.

You can order HTA monographs from our Despatch Agents:

— fax (with credit card or official purchase order)
— post (with credit card or official purchase order or cheque)
— phone during office hours (credit card only).

Additionally the HTA website allows you either to pay securely by credit card or to print out your
order and then post or fax it.

Contact details are as follows:

HTA Despatch Email: orders@hta.ac.uk

c/o Direct Mail Works Ltd Tel: 02392 492 000

4 Oakwood Business Centre Fax: 02392 478 555

Downley, HAVANT PO9 2NPB, UK Fax from outside the UK: +44 2392 478 555

NHS libraries can subscribe free of charge. Public libraries can subscribe at a very reduced cost of
£100 for each volume (normally comprising 30—40 titles). The commercial subscription rate is £300
per volume. Please see our website for details. Subscriptions can only be purchased for the current or
forthcoming volume.

Payment methods

Paying by cheque
If you pay by cheque, the cheque must be in pounds sterling, made payable to Direct Mail Works Ltd
and drawn on a bank with a UK address.

Paying by credit card
The following cards are accepted by phone, fax, post or via the website ordering pages: Delta, Eurocard,
Mastercard, Solo, Switch and Visa. We advise against sending credit card details in a plain email.

Paying by official purchase order
You can post or fax these, but they must be from public bodies (i.e. NHS or universities) within the UK.
We cannot at present accept purchase orders from commercial companies or from outside the UK.

How do | get a copy of HTA on CD?

Please use the form on the HTA website (www.hta.ac.uk/htacd.htm). Or contact Direct Mail Works (see
contact details above) by email, post, fax or phone. HTA on CD is currently free of charge worldwide.

The website also provides information about the HTA Programme and lists the membership of the various
committees.







Using routine data to complement
and enhance the results of randomised
controlled trials

JD Lewsey!
AH Leyland'
GD Murray?
FA Boddy!'

' Public Health Research Unit, University of Glasgow, UK

2 Medical Statistics Unit, University of Edinburgh, UK
k

Corresponding author

Competing interests: none declared.

Published October 2000

This report should be referenced as follows:

Lewsey ]D, Leyland AH, Murray GD, Boddy FA. Using routine data to complement and
enhance the results of randomised controlled trials. Health Technol Assess 2000;4(22).

Health Technology Assessment is indexed in Index MedicussMEDLINE and Excerpta Medical
EMBASE. Copies of the Executive Summaries are available from the NCCHTA website
(see overleaf).




NHS R&D HTA Programme

he overall aim of the NHS R&D Health Technology Assessment (HTA) programme is to ensure

that high-quality research information on the costs, effectiveness and broader impact of health
technologies is produced in the most efficient way for those who use, manage and work in the NHS.
Research is undertaken in those areas where the evidence will lead to the greatest benefits to
patients, either through improved patient outcomes or the most efficient use of NHS resources.

The Standing Group on Health Technology advises on national priorities for health technology
assessment. Six advisory panels assist the Standing Group in identifying and prioritising projects.
These priorities are then considered by the HTA Commissioning Board supported by the National
Coordinating Centre for HTA (NCCHTA).

This report is one of a series covering acute care, diagnostics and imaging, methodology,
pharmaceuticals, population screening, and primary and community care. It was identified
as a priority by the Methodology Group and funded as project number 94/06/01.

The views expressed in this publication are those of the authors and not necessarily those of the
Standing Group, the Commissioning Board, the Panel members or the Department of Health. The
editors wish to emphasise that funding and publication of this research by the NHS should not be
taken as implicit support for the recommendations for policy contained herein. In particular, policy
options in the area of screening will be considered by the National Screening Committee. This
Committee, chaired by the Chief Medical Officer, will take into account the views expressed here,
further available evidence and other relevant considerations.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search,
appraisal and synthesis methods (to minimise biases and random errors) would, in theory, permit
the replication of the review by others.

Criteria for inclusion in the HTA monograph series

Reports are published in the HTA monograph series if (1) they have resulted from work either prioritised by the
Standing Group on Health Technology, or otherwise commissioned for the HTA programme, and (2) they are of
a sufficiently high scientific quality as assessed by the referees and editors.

Series Editors: Andrew Stevens, Ken Stein and John Gabbay
Monograph Editorial Manager: Melanie Corris

The editors and publisher have tried to ensure the accuracy of this report but do not accept liability
for damages or losses arising from material published in this review. They would like to thank the
referees for their constructive comments on the draft document.

ISSN 1366-5278
© Crown copyright 2000
Enquiries relating to copyright should be addressed to the NCCHTA (see address given below).

Published by Core Research, Alton, on behalf of the NCCHTA.
Printed on acid-free paper in the UK by The Basingstoke Press, Basingstoke.

Copies of this report can be obtained from:

The National Coordinating Centre for Health Technology Assessment,
Mailpoint 728, Boldrewood,

University of Southampton,

Southampton, SO16 7PX, UK.

Fax: +44 (0) 23 8059 5639  Email: hta@soton.ac.uk
http://www.ncchta.org



Health Technology Assessment 2000; Vol. 4: No. 22

Contents

List of abbreviations ..............cccccocceiinine
Executive summary ...........ccccceviiiinennnnn.

Introduction ...
Sharpening treatment comparisons .............
The impact and uptake of

new technologies ...........ccccovviviiiniiiiininnnn.
Case Studies ......ccoevvieiiiiiiiiniiiiii

Linked Scottish morbidity records ...........
The selection of case studi€s .........cceeeuuneennne.

Case study I:The timing of surgery

after SAH ...,
Epidemiology......ccccooiviiiiiiiiiiiiiiiiiiiiine,
Clinical presentation ...........coceevvviiiiiinnnnnn.
Diagnosis .......cccoceviiiiiiiiiiniini
Complications ........ccccoevvviiviiiiiiniiiieiinne,
Treatment ..........c.cooeiiiiiiiiiiiii e,
SMRI data in the study of SAH....................
Methods .....eeeeeeeeeeeieeiiiieieeeeeeeeeee e
ReSUlts wovvveniiiiieeeeee e
COoNClUSIONS ..uueeeeeeeeieiiiieiieeeeeeeeeee e

Case study 2: Prostatectomy for

the treatment of benign prostatic
hyperplasia ..........ccoccoociiiiiniiniiiiiecee
Introduction .......ccceceveiiniiniiiiiiinieiicie
Treatment .......cccoeviiiiiiiniiiiniini
History of prostatectomy ...........ccccoeeevenrnnns
SMRI1 data in the study of prostatectomy ....

AV [0 s Lo Yo KT OO 14
RESUILS wevvvviiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 14
CONCIUSIONS .evveieeeeieeeiiiiiiiiiiieeeeeeeann 20

Case study 3: Coronary

revascularisation .....................cccoeeee 23
INtroduction .......cccccveeeeieiiiiiiiciiiiieeee e 23
SMRI1 data in the study of coronary

revasCulariSation ...........eeeeeeeeeeeeiccnvivreeeeeeeeennn. 24
Methods ...ooooeeeeiiiiieeeee e, 24
ReSULLS wovviiiiiiieeeeee e 24

Synthesising evidence from randomised
and non-randomised studies using

Bayesian methods ..........ccccocviiniiiiiiiinn, 28
COoNCIUSIONS ..o, 32
Other possible studies .............c...cccceeee. 33
Conclusions ...........ccccoooviiiiiiieeeeee, 35
The uses of routine data ........cccceeeeeeeeeeeenn.... 35
Implications for policy ........cccecevivviiiiiiininn 38
Further research.........cccccccvvvvvviiiiiiecieeeeee. 38
Acknowledgements ..............cccccceeiieneen. 41
References ............ccccccoovvvveviviveeeeiieieeeeeeen, 43

Health Technology Assessment reports
published to date .............ccccooceriiiininnnn. 47

Health Technology Assessment
panel membership ..............ccccconiinnnn 51






Health Technology Assessment 2000; Vol

.4: No. 22

List of abbreviations

CABG
CI

CT
GCS
ICD
MI
OPCS
OPEN
OR
PTCA
RCT
SAH
SMR1
TURP
WENS

coronary artery bypass grafting

confidence interval

computed tomography

Glasgow Coma Score

International Classification of Diseases
myocardial infarction

Office of Population Censuses and Surveys
open prostatectomy

odds ratio’

percutaneous transluminal coronary angioplasty
randomised controlled trial

subarachnoid haemorrhage

Scottish Morbidity Record Form 1
transurethral prostatectomy

World Federation of Neurosurgeons

" Used only in tables







Health Technology Assessment 2000; Vol. 4: No. 22

Executive summary

Background

Randomised controlled trials (RCTs) are widely
accepted as the best way to assess the outcomes
and safety of medical interventions, but are
sometimes not ethical, not feasible, or limited

in the generalisability of their results. In such
circumstances, routinely available data could help
in several ways. Routine data could be used, for
example, to conduct ‘pseudo-trials’, to estimate
likely outcomes and required sample size to help
design and conduct trials, or to examine whether
the expected outcomes observed in an RCT will
be realised in the general population.

Objectives

The project was undertaken to explore how
routinely assembled hospital data might
complement or supplement RCTs to evaluate
medical interventions:

® in contexts where RCTs are not feasible
for defining the context and design of
an RCT

¢ for assessing whether the benefits indicated by
RCTs are achieved in wider clinical practice.

Methods

The project was based on the system of linked
Scottish morbidity records, which cover 100%
of acute hospital care episodes and statutory
death records from 1981 to 1995. Three case
studies were undertaken as a way of investi-
gating the utility of these records in different
applications.

First, an attempt was made to analyse the link
between the timing of surgery for subarachnoid
haemorrhage (SAH) and subsequent outcomes

(a question not easily susceptible to RCT design).
A subsample was derived by excluding patients

for which a diagnosis of SAH may not have been
established or that may not have been admitted

to a neurosurgical unit, and the data were assessed
to attempt to inform the design of a trial of early
versus late surgery.

Transurethral prostatectomy (TURP), the second
case study, has become the surgery of choice for
benign prostatic hyperplasia without systematic
assessment of its effectiveness and safety, and

an RCT would now be considered unethical.
However, there is a need to investigate long-
term effects and the influence of co-morbidities
on outcomes. A retrospective comparison of
mortality and re-operation following either
open prostatectomy (OPEN) or TURP was,
therefore, undertaken. Patients for whom it

was not possible to establish the initial
procedure were excluded.

The third case study compared coronary artery
bypass grafting (CABG) with percutaneous
transluminal angioplasty (PTCA) for coronary
revascularisation. RCTs have been conducted in
limited patient subgroups with short follow-up
periods. A meta-analysis of RCTs could be aug-
mented by routine data, which are available for
large populations. This would allow assessment
of subgroup effects, and outcomes over a long
period. A subgroup of patients was therefore
constructed for whom relevant routine data
were available and who reflected the entry criteria
for major RCTs, thus enabling a comparison
between the results expected from this subgroup
and those of the general population.

Results and conclusions

The uses of routine data in these contexts

had strengths and weaknesses. The SAH study
suggested a means of assessing outcomes and
survival rates following haemorrhage, which
could have value in informing the design of
more precise trials and in evaluating changes

in outcome following the introduction of new
treatments such as embolisation. However, the
potential of the data was not realised because
their scope and content were insufficient. For
example, lack of data on the time of onset of
symptoms and patients’ conditions at hospital
admission made it difficult to establish the link
between timing of surgery and the outcome, and
there was insufficient information on patients’
conditions at discharge to enable a comparison
of outcomes. iiii
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The prostatectomy study was able to address
questions not answered by RCT literature
because the large number of cases it included
allowed exploration of subgroup effects. The
data indicated that younger patients and those
with previous hospital admissions for cardio-
vascular, respiratory or ischaemic disease were
more likely to have TURP, suggesting that these
may influence treatment decisions. However, the
risk of re-operation was higher in patients who
initially underwent TURP, and, although mortality
at 90 days was higher in patients who had OPEN
initially, the difference seen from the routine
data was not significant at 1 and 5 years. The
records for this study were more satisfactory than
for the SAH study. However, lack of data on the
severity and complexity of patients’ conditions
limited the potential of the data.

The study of coronary revascularisation supported
findings of the earlier meta-analysis, but with
more prolonged follow-up and a broader popu-
lation. Of the three studies, the data for this study
were the most satisfactory, although lack of precise
information on the complexity and severity of
patients’ conditions made it difficult to establish
the full extent of subgroups. Patients who had

an initial PTCA were more likely to require re-
intervention than those who had CABG and, as
expected, there was a lower rate of death and
myocardial infarction (MI) in the RCT-like
subgroup than in patients excluded from this
sample. Using the routine data, the rates of
death and MI at 1 year were significantly higher
in patients who had an initial CABG, whereas this
difference was not significant in the RCTs, but the
difference was not significant in both at 5 years.

A Bayesian comparison of the two interventions
illustrated that Bayesian analyses can provide a
link between RCTs, which are unbiased by design
but may not reflect real populations, and routine
data, which reflect reality but may be biased. This
can facilitate better evaluations of outcomes
associated with new technologies.

In general, linked data have value in two main
ways. First, they relate to complete populations
of cases and might thus clarify issues relating to
patient selection. Second, by linking episodes of
care to each other and to deaths, it is possible to
gain information about prior medical histories,
longer-term outcomes and the place of treatment,
providing a context for more focused RCTs and
multicentre comparisons of new techniques and
their outcomes. Both of these are probably a
prerequisite for comparable work; however,

the shortcomings in the content and quality of
current data limit these applications. Indeed,
three further intended studies — laparoscopic
versus open cholecystectomy, modes of treatment
for breast cancer, and colorectal surgery by
specialist versus generalist surgeons — proved
impossible to undertake because of inadequacies
in the routine data.

Implications for healthcare and
recommendations for research

The shortfalls in the available data appear to

be related to the largely administrative uses of

the data at present. As the NHS moves closer to
clinical governance, and as clinical audit develops,
there are strong arguments for increasing the
potential of routine data systems to complement
information provided by RCTs. Ways in which the
data systems might be improved include:

® publication of audits and feedback to those
recording the data

® astronger link between providers of care and
those who generate and use routine records to
monitor the extent to which the data reflect
clinical practices

¢ expanding and updating coding systems to
reflect new procedures and treatments

¢ adding more focused data collection to records
for current clinical interests as a way of
answering predetermined questions.
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Chapter |

Introduction

he randomised controlled trial (RCT) is

widely acknowledged as the best available
tool for evaluating the risks and benefits of
medical interventions. There are many situations,
however, where ethical or other more pragmatic
reasons mean that it is not feasible to conduct an
RCT: despite largely unexplained differences in
rates between consultants or obstetric units, a
randomised trial of delivery by Caesarean section
would be considered unethical."* Similarly, a
trial investigating an uncommon outcome or
side-effect (such as common bile duct injury
in laparoscopic cholecystectomy, or deep vein
thrombosis in low-risk surgical groups) would
require very large studies to detect clinically
relevant differences, and their costs would
be difficult to justify in terms of their
potential benefits.

In these circumstances, it can be argued that
routinely assembled data — usually those abstracted
from patient records — could be used either to
complement or supplement the RCT as a way of
evaluating medical interventions. In brief, these
uses have three main applications:

(i) in contexts where RCTs are not feasible

(i1) for defining the context and design of
an RCT

(ii1) for assessing whether the benefits indicated
by RCT findings are achieved in later
clinical practice.

When trials are feasible, their design is generally
based on specifying their desired power and
significance levels. Routine data may allow
more reliable estimates of the treatment effect
likely to be observed in a clinical trial, with the
consequence that power calculations will be
more accurate or realistic. Estimating the
‘patient horizon’ (the number of present and
future patients, including those taking part in
the trial) can only be done realistically by using
routine data; doing so has implications for the
estimation of sample size and for the method
of treatment assignment.”

When trials have been completed, important
questions are often left unanswered. The use of
angiotensin converting enzyme inhibitors following

an acute myocardial infarction (MI) is arguably
one of the most comprehensively researched
questions in clinical medicine, and yet it is still
unclear whether the use of these drugs should
be restricted to ‘high-risk’ patients. Equally, it is
not clear how soon treatment should be initiated
after an infarct, or for how long it should be
continued.*’ There are other data which show
that, in spite of overwhelming evidence of their
efficacy, the uptake of these drugs is very low.*’

There is thus a need to augment information
from clinical trials: this project has explored

the uses of routine NHS data for these purposes.
We first examined the use of routine data as a
way of ‘sharpening’ the treatment comparisons
derived from RCTS5, either by informing the trial
design, or — more directly — by using routine
data to estimate treatment effects. Second, we
investigated the use of routine data to estimate
the impact of RCTs on clinical practice and
patient outcomes.

Sharpening treatment
comparisons

Although RCTs may be the only unambiguous
method of equalising risk among groups of
patients receiving different treatments,” ethical
or financial constraints may mean that RCTs

are not feasible. In these situations, forming
pseudo-trials from routine data is a possible
alternative. Such an approach has its limitations
and difficulties: routine data sets have generally
been assembled for other purposes and may omit
potentially confounding variables, such as earlier
medical history or the severity of disease. The
‘allocation’ of patients to treatments will tend

to reflect other factors whose effects cannot be
fully captured in a covariate adjustment.’

Routine data can, however, be used as a
supplement to clinical trials in subsequent
Bayesian analyses. This may be for a specific
trial when the data provide prior information
regarding expected outcomes for one or more
of the treatment groups, or during subsequent
meta-analyses when the routine data can be
regarded as comprising a large single or



Introduction

multicentre trial. Such analyses take the

form of a weighted average of the information
provided by the routine data set and that pro-
vided by the trial. The weighting then depends
on both the numbers involved (favouring
routine data) and the likelihood of bias

that will favour RCT data."

The use of routine data before a trial begins
can provide estimates of likely event rates or
even of treatment effects. They thus have value
when performing power calculations, estimating
sample sizes or deciding when to stop a trial.
The decision to stop or continue a trial is made
by weighing the consequences of the possible
actions, averaging over the distribution of future
observations.'' Observational data can then be
used in conjunction with trial data to improve
estimates of the probability that an apparent
difference occurred by chance, leading to the
trial either being stopped early or continued
until decisive evidence has been accumulated.

The impact and uptake of
new technologies

After the initial introduction of a new technology,
there is a period before it becomes a recom-
mended treatment. Its use may be modified

or refined as clinicians gain experience with it.
Little is known about the rate of uptake of new
technologies and the factors that influence this
process. Fewer than 10% of hospitals in Pennsyl-
vania were using laparoscopic cholecystectomy

1 year after the introduction of the technique;
after a further year, the proportion had
increased to 80%."

When an RCT recommends the uptake of

a new technology, it anticipates an expected
improvement in outcomes. Routine data make
it possible to examine observed outcomes and
assess whether the expected benefits have been

realised. These may be in terms of the difference
between alternative treatments (current and
historical), as differences between treatment
centres, or between subgroups of patients. If

a treatment is recommended for a particular
subpopulation then it is possible to assess the
extent to which appropriate patients have been
targeted, whether the benefits are also seen in
other subpopulations and whether there has
been a change in trends in outcomes (such as
survival rates). Large routine data sets also permit
assessments of the importance of an RCT result,
particularly for rare conditions or when rare
outcomes are being considered.

Case studies

The three case studies included in this report
illustrate the potential of routine data as an
alternative to RCTs in the evaluation of a new
technology when an RCT was not feasible (the
example of subarachnoid haemorrhage (SAH)),
for a comparison of two established treatments
(the example of prostatic surgery) and for
comparing trial results with those achieved in
clinical practice (the example of surgery for
coronary artery disease). In a rather different
sense, the three studies provide a basis for
assessing the utility of routine data, first, as a
supplement to evaluations employing RCTs
and, second, as the means of understanding
RCT findings in the context of their impact on
outcomes in the populations to whom they are
applied. It will be evident that a central feature
of this assessment concerns the adequacy and
competence of routine data when used for these
purposes, and the improvements in them that
would be necessary if they were to be employed
in this way in the future. Specific aspects of this
issue are described in the account of the case
studies themselves; our more general conclusions
are summarised in the discussion section of

the report.
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Chapter 2

Linked Scottish morbidity records

he data for the case studies were taken from

the linked hospital discharge and mortality
data set created by the Information and Statistics
Division of the NHS in Scotland."” Summaries
of hospital inpatient episodes are completed
on Scottish Morbidity Record Form 1 (SMR1)
for 100% of non-psychiatric and non-obstetric
inpatients and day cases in Scotland, and
provide information about the background
of the patient as well as detailing case manage-
ment, diagnoses and surgical procedures. The
data are linked by individuals and to statutory
death records from the Registrar General for
Scotland and registrations in the Scottish
Cancer Register. At present, they provide
information about hospital care and mortality
for individuals in the whole Scottish population
for the period 1981-1995 and are unique in

the UK. Further linkage (up to 1998) is in
progress. Because the SMRI and death records
both include the individual’s postcode sector
of residence, they can be related to population
denominators and to sociodemographic area
descriptions derived from the 1991 census.
The content of these records is described

in Box 1.'"%"

The selection of case studies

The scope of the data meant that we were
restricted to considering surgical interventions
because other interventions (such as drug
therapies) are not recorded. Although desirable
in the light of current debate, it was not possible,
for example, to use the linked SMRI database

BOX 1 The content of Scottish Morbidity Record 1 (SMR1)

Data item Comment

Patient ‘identifier’

Continuous inpatient
stay marker
Hospital code

Area of residence
enumeration district

Sex
Marital status

Admitted from

Age The patient’s age in months

Does not permit identification of individual patients; a unique number allowing linkage
of hospital discharge, death and cancer registry records

SMRI1 forms are completed for each episode of care; a patient may have several
episodes within a period of hospital stay
The identifier for the hospital attended

Health Board, Local Government District, postcode sector and census

Type of admission
Wait

Discharge code

Date of admission
Date of discharge
Date of operation
Length of stay
Specialty
Diagnoses

Operation

Home, other NHS hospital, other unit in this hospital, other
Deferred, waiting list/diary/booked, repeat admission, transfer, emergency
Days on the waiting list

Irregular (e.g. self discharge), home, convalescent hospital or nursing home, other
hospital, local authority care, transfer to other specialty in the same hospital, died

Up to six diagnoses, coded to four-digit ICD-9 (1981—1995)"*
Up to four procedures, coded to OPCS4"

ICD: International Classification of Diseases; OPCS: Office of Population Censuses and Surveys
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to investigate the uptake of thrombolysis for
the treatment of acute MI.

Given this restriction we chose, first, to study the
timing of surgery following aneurysmal SAH as

a way of informing the design of a trial of early
versus late surgery. The second study compared
open prostatectomy (OPEN) with transurethral
prostatectomy (TURP) for the treatment of
benign prostatic hyperplasia. The third investi-
gated percutaneous coronary angioplasty (PTCA)
with coronary artery bypass grafting (CABG) as
approaches to coronary revascularisation. This
study illustrates the use of routine data to augment

a meta-analysis of RCT data, and explored the
uptake and impact of the two procedures. Between
them the three studies illustrate aspects of the
uses of routine data sketched above. A number of
other studies were proposed in the original grant
application, namely a comparison of laparoscopic
with open surgery for cholecystectomy and hernia
repair; a comparison of modes of treatment for
female breast cancer; and a comparison of out-
comes following surgery for colorectal cancer
performed by general surgeons and by specialists.
For reasons noted at the end of the case study
reports, it was not possible to undertake this

last group of investigations.
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Chapter 3

Case study |:The timing of surgery
after SAH

pontaneous aneurysmal SAH is a common
and often devastating event: there are approxi-
mately 6000 cases each year in the UK with a case
fatality of the order of 40%, and a significant
residual morbidity in approximately 50% of
survivors.'”" In about two thirds of cases the
haemorrhage results from the rupture of an
aneurysm on a major cerebral blood vessel;
and in 5% from an arteriovenous malformation.
Even after complete angiography, no source
of bleeding can be identified in about 25%
of cases."”

Epidemiology

Epidemiological reports have suggested an

annual incidence of the order of 10 to 15 cases
per 100,000 of the population, although more
recent reports have estimated an annual incidence
in the range of 6-8 cases per 100,000. A recent
meta-analysis'® has reviewed this literature and

has shown that the apparent fall in incidence

can be explained by more precise diagnosis,
following the wider availability of computed
tomography (CT) scanning. SAH is more common
in women (unselected series are typically 60%
female). There is strong evidence that genetic
factors predispose individuals to the risk of

SAH, and some populations have much higher
incidence rates: Finland, for example, has an
incidence rate that is almost three times that
observed in other parts of the world."

Clinical presentation

SAH can occur at any time, with no obvious
association with physical exertion. With a major
bleed, consciousness is lost rapidly, and death
can follow within minutes or hours. Smaller leaks
lead to a severe headache with a characteristic
rapid onset, and are almost always followed by
vomiting. Neck stiffness can take 24-48 hours to
appear. Consciousness is often impaired, but the
illness can be minor and mistaken for influenza
or migraine. More severe cases with headache,
vomiting and neck stiffness can be misdiagnosed

as meningitis, resulting in admission to an
infectious disease unit.

A number of different grading systems have

been devised to measure a patient’s clinical state
following SAH; the most widely accepted of which
is now the World Federation of Neurosurgeons
(WFNS) Grade.” This is based on the patient’s
Glasgow Coma Score® (GCS) and the presence
or absence of a motor deficit (Table 1).

TABLE | The WFNS subarachnoid scale

WEFNS grade  GCS score Motor deficit

| 15 Absent

Il 13-14 Absent

I} 13-14 Present

v 7-12 Present or absent
\ 3-6 Present or absent

Despite the characteristic history, SAH is
commonly misdiagnosed.*** This can have
serious consequences for the patient, because
a minor ‘warning leak’ often precedes a
potentially devastating rupture which could
be prevented by early intervention."”

Diagnosis

CT scanning is the key initial investigation:

if the scan is performed within 24 hours of the
onset of symptoms then a high density clot in
the subarachnoid space will be identified in over
90% of cases.'” Diagnostic sensitivity declines
progressively after the first day. A negative CT
scan should be followed by a diagnostic lumbar
puncture; if this is also negative then the diagnosis
of a warning leak is effectively excluded and the
prognosis is excellent. If a positive diagnosis of
SAH is reached then cerebral angiography is the
next standard investigation to identify the source
of the haemorrhage. However, some 20-25% of
such angiograms will fail to reveal any source

of bleeding.
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Complications

Further bleeding

Without surgical intervention, approximately
20% of patients will have further haemorrhage
within 2 weeks, and 60% within 6 months. Of
those who bleed again, some two-thirds die

as a consequence, therefore, reducing this
risk is a high priority in the management

of SAH.

Cerebral infarction

Cerebral infarction is the other major cause of
mortality and morbidity following SAH, apart
from the local damage associated with the
haemorrhage itself.

Delayed cerebral ischaemia

A late deterioration, occurring at any time from

3 days to 3 weeks after the initial bleed, is observed
in up to one-third of survivors. This is thought

to be a consequence of reduced perfusion of

areas of the brain supplied by arteries that are
affected by vasospasm.

Treatment

The objectives of treatment are to reduce

the risk of the two complications of subsequent
haemorrhage and cerebral ischaemia. A compre-
hensive review of the evidence supporting the
use of different treatments following SAH has
been published on behalf of the American
Heart Association."

A number of well-controlled trials have
investigated the use of antifibrinolytic drugs
to prevent rebleeding. Unfortunately, typical
findings are that a substantial reduction in
further bleeding is balanced by an increase
in cerebral infarction, with no overall
change in outcomes.'"*

The mainstay of treatment to prevent further
haemorrhage, therefore, is direct surgical
intervention to close the ruptured aneurysm.
Since this risk peaks in the few days following
SAH, it is natural to wish to operate as soon

as possible. Intervention at this stage must be
balanced by the fact that it can be technically
more difficult to operate on a brain still suffering
from the acute effects of initial haemorrhage,
and the patient is more likely to be in a poorer
clinical state and less able to withstand the
trauma of surgery. For these reasons, the
optimal timing of surgery is controversial.

The timing of surgery

The only published RCT on the timing of
surgery is that of Ohman and Heiskanen™

that randomised a total of 216 patients to acute
surgery (on days 0-3); intermediate surgery

(on days 4-7); or late surgery (on day 8 or later).
Only ‘good’ grade patients (Grades I to III on
the Hunt and Hess classification”” were recruited,
but in this selected subgroup and in what was

an underpowered trial, there was some evidence
to support acute surgery. This conclusion appears
to reflect current practice, where there has been
a drift towards early surgery, especially for
patients in a good clinical condition."’

Endovascular techniques as an alternative to
clipping intracranial aneurysms have evolved
over the last 10-15 years. The aneurysm is
occluded either by inflating a detachable balloon
or by releasing coils of platinum wire to induce
thrombosis. The ‘state of the art’ is arguably
the Guglielmi detachable coil device, which
has been available in North America since 1991
and in Europe since 1992. Uncontrolled series
have provided encouraging results, especially
with patients in poor clinical condition or with
difficult surgical aneurysms. Formal evaluation
of the Guglielmi detachable coil device
continues, most notably in a UK Medical
Research Councilfunded trial of coiling

versus conventional surgery.”

Treatment to prevent ischaemia

The strongest scientific evidence for the efficacy
of a treatment following SAH is for the calcium
antagonist nimodipine, which has been shown to
reduce the incidence of cerebral infarction and
to improve management outcomes.” A popular
treatment used to control vasospasm is ‘Triple H’
therapy, namely hypertension, hypervolaemia and
haemodilution. This treatment is recommended
in the American Heart Association Guidelines,"
although there is little hard evidence from
clinical trials to support its use.

SMRI data in the study of SAH

Against this background, it seemed possible to
explore a sequence of questions using the linked
SMRI data.

(i) Was it possible to describe the epidemiology
of the condition in the whole population and
thus establish a context for its management
in specialist centres and the outcomes
they achieved?
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(ii) Given the problem of misdiagnosis and
the sequence of events needed to establish
a definitive diagnosis, was it possible to
describe the patterns of care on which
the practice of specialised centres was
actually based?

(iii) Acknowledging the difficulty of conducting
formal trials of one form of intervention
or another, could the SMR1 data be used
to compare patients treated by the clip-
ping of aneurysms with those treated
by embolisation?

(iv) What had been the pattern of uptake of
the newer embolisation treatment?

(v) Finally, providing that satisfactory answers
could be found for these questions, was it
possible to devise a pseudo-trial of early or
late interventions?

It quickly became evident that the SMR1 data
presented a number of difficulties in addressing
these questions. One was that of identifying ‘true’
cases of SAH amongst multiple patient transfers
either between hospitals or between specialties
within a hospital. It was not uncommon, for
example, to have an initial diagnosis of meningitis
that changed to SAH in a subsequent episode
record, or an initial diagnosis of SAH meriting
transfer to a neurosurgical unit where the
diagnosis of SAH was subsequently refuted.
What were the criteria for accepting a diagnosis
of SAH and at what stage in a patient’s history
should they be applied? The question was
complicated further by the lack of information
about the time of onset of symptoms or of the
patient’s condition on admission to hospital or
later deterioration. This meant that it was not
possible to discern what had been the intended
management of the patient: was early surgery
planned or the consequence of a further
haemorrhage? Although death was available

as an outcome measure, there was no other
information about the patient’s condition on
discharge from hospital or subsequently.

There were also other technical problems.
With the SMRI data, surgical interventions

are coded according to the Office of Population
Censuses and Surveys (OPCS) codes which
changed from OPCS3 to OPCS4 from 1988 to
1989;"® codes for embolisation are included
only in OPCS4 and so it was not possible to
analyse the data for earlier periods. The format
of the record made it difficult to reconstruct
sequences of operative events and so it was

not always possible to distinguish between

a definitive procedure to repair a ruptured

aneurysm and the surgical treatment of
a later complication.

With these qualifications, the potential of the
SMRI data for studying SAH appeared to be
epidemiology, admissions to neurosurgical units,
the timing of surgery, embolisations, and

other treatments.

Epidemiology

The linked data and death records provided an
opportunity for estimating the incidence of SAH,
and the case fatality rate. The inclusion of place
of residence allowed the use of census-derived
population denominators.

Admissions to neurosurgical units

The linkage of ‘episode’ data permitted an
account of the sequences of patient care — for
example, the numbers of patients who died before
being admitted to hospital, the numbers admitted
to a neurosurgical unit, and their prior inpatient
care. Doing so can provide a useful account of
admission policies, although the absence of

data on the patients’ clinical state limited

this capability.

Timing of surgery

The data report the numbers of patients
undergoing clipping of an aneurysm, and the
timing of surgery could be related to the date of
first hospital admission. Linking this information
to the date of death allowed the construction of
best and worst case scenarios for early surgery
versus late surgery.

Embolisation

The data from different neurosurgical units
provided information about the patterns of
uptake of a new, unproven, technology. These
data would be relevant when considering
potential recruitment rates into (say) trials

of embolisation versus other surgery.

Other treatments

The potential of SMRI data to investigate

other treatments was limited because information
about drugs is not included. The data could

have other uses, however, these might include
exploring changes in case fatality rates following
the publication (in the late 1980s) of evidence
about the value of nimodipine in reducing
cerebral infarction.”

The study we describe focused the use of these
data as a means of assessing the optimal timing
of surgical interventions.
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Methods

For the reasons we describe above, subgroups
reflecting different degrees of confidence in
the diagnosis of SAH were extracted from the
complete SMRI1 data set (see Figure 1). The
main analysis was restricted to records from
1989-1995, when surgical interventions were
coded according to OPCS4. The data were for
the whole of Scotland, with no attempt to
compare the different neurosurgical units
contributing to the data.

The first sample (sample I) comprised all
cases of suspected SAH, defined as all cases
with a primary diagnosis of SAH not otherwise
specified (ICD-9 430.9) in any SMRI record
included in a continuous inpatient study or

as the principal cause of death in a death
record. A total of 4903 cases were identified,
comprising 1796 men (37%) and 3107 women
(63%); this total provides an annual incidence
of 13.7 per 100,000 of the population.

Sample I consisted of three disjoint subsamples:

(i) individuals with a death record but no
record of hospital admission for SAH

(ii) individuals admitted to hospital but not
to a neurosurgical unit during the relevant
continuous inpatient stay

(iii) patients who were admitted to a
neurosurgical unit during the relevant
continuous inpatient stay.

We then excluded patients for whom it might be
argued that the diagnosis of SAH had not been
established. These were cases admitted to a neuro-
surgical unit or where the final SMR1 record did
not include SAH, or in cases with no primary SAH
diagnosis in SMR1 records for the period of neuro-
surgical care. This provided sample II, which can
be considered as cases of ‘presumed SAH’. For
patients who were hospitalised but not admitted
to a neurosurgical unit, we excluded cases where
the final SMRI record did not mention SAH as
any of the recorded diagnoses. When patients

had been admitted to a neurosurgical unit, we
excluded cases where there was no primary diag-
nosis of SAH for records relating to the period

of neurosurgical care. These two rules excluded

SMRI linked
data set

Sample |
Suspected SAH

n =4903

Sample Il
Presumed SAH

n=4374
Sample 111
Patients with suspected
SAH admitted to neurosurgery
= 3091
5 Sample IV

Patients with presumed SAH
treated in a neurological unit

n=2613

8 FIGURE | Derivation of the four samples used in the SAH study



Health Technology Assessment 2000; Vol. 4: No. 22

51 male and 478 female cases, leaving sample II
with 4374 cases of presumed SAH. This total
provides an annual incidence of 12.3 cases

per 100,000 of the population.

Sample III comprised all individuals in sample I
who were admitted to a neurosurgical unit —
that is, patients with suspected SAH admitted

to neurosurgery. This sample reduced the

initial population to 3091 individuals comprising
1163 males (38%) and 1928 females (62%).

It provided a means of exploring the admission
policies of the different neurosurgical units.

The final sample (sample IV) included individuals

from sample II who were admitted to a neuro-
surgical unit — that is, patients with a presumed
SAH who were treated in a neurosurgical unit.

This sample comprised 2613 individuals (949 males

and 1664 females) and is the relevant sample for
exploring the potential for trials of the timing
of surgery or embolisation. One might, however,
take a wider view and regard the admission
policies of neurosurgical units as needing

review if trial populations are to be optimised.

Results

The timing of surgery

Patients who were treated within a neurosurgical
unit for presumed SAH (sample IV) comprised
2613 individuals, of whom 1252 (47.9%) under-
went surgery (defined as clipping of the
aneurysm). ZTable 2 shows the distribution of

the timing of surgery, in days from first hospital

Table 3 reports the numbers of patients under-
going clipping in each of the three age groups:
about half of the patients aged 64 or less under-
went definitive procedures but this proportion
was only 32% for those at older ages. It is clear
from 7able 2 that the tendency towards earlier
surgical intervention decreases with increasing
age; for example, 15% of those aged 65 and
over who underwent surgery were not operated
on within 2 weeks of admission. The equivalent
proportions are 8.9% for patients of age 45 to
64 years and just 4.3% for those under

45 years of age.

One-fifth of the sample died from any cause
within 90 days of their first admission. Table 4
details 90-day survival for the three age groups,
when mortality was highest (32%) in the oldest
group. There were only 61 deaths (5%) in the
1252 operated cases compared with 441 deaths

TABLE 3 The proportion of patients receiving surgery in
different age groups

Age group Number Proportion
of patients receiving surgery
<45 902 55%
45-64 1273 49%
> 65 438 32%

TABLE 4 Proportion of patients in different age groups dying
within 90 days of their first hospital admission

T Age group Number Proportion
admission, for three age groups: under 45, of patients dying within
45 to 64 and 65 and over. The percentages 90 days of first
undergoing surgery for all ages are virtually the hospital admission
same in this study as the corresponding results .
from the International Cooperative Study on <4 902 4%
the Timing of Aneurysm Surgery,” although, 45-64 1273 19%
in the latter study, the timing was from onset > 65 438 32%
of symptoms rather than admission to hospital.

TABLE 2 Timing of surgery: days dfter first admission to hospital
Timing of surgery (days from first admission)
Age group 0 | 2 3 4-7 8-10 11-14 =15 Total
<45 29 17 102 56 94 47 27 21 493
45-64 36 125 106 79 118 44 56 55 619
> 65 7 12 18 15 32 14 21 21 140
All ages 72 254 226 150 244 105 104 97 1252
6%)  (20%) (18%) (12%) (20%)  (8%)  (8%)  (8%) (100%)
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TABLE 5 Interval before death within 90 days (patients who died) following first admission to hospital, according to operational status

Days to death 0-1 2-3 4-7
Operated cases 3% 8% 21%

2 ®) (13)
Cases without 22.5% 10.5% 14%
operation (100) (47) (62)

8-10 11-14  15-28  29-90 Total
25% 13% 7% 23% 100%
(15) ® “) (14) (61
15% 10% 15% 13% 100%
(65) (44) (66) (57) (441)

TABLE 6 |Interval between surgery and death for cases of SAH who died following surgery and by interval between first hospital

admission and surgery

Days to death 0-1 2-3 4-7

Days between first

admission and surgery

0-1I 2 5 7
2-3 -

4-7 - - I
8-10 - - -
11-14 - - -
215 - - -

All cases with 3% 8% 21%
operation 2) (5) (13)

(32%) amongst the 1361 patients who did not
receive clipping. Table 5 describes the survival
time within 90 days for patients who died,
following first hospital admission. About one-
third of cases with no operation compared to
only 11% of those who did have operations

died within 3 days of admission. Approximately
one-third of deaths in the operated cases and
28% in the group who did not have operations
occurred between 15 and 90 days after their first
admission to a neurosurgical unit. 7able 6 shows
the timing of the 61 deaths following operation
distributed according to the timing of surgery.
Collectively, Tables 4, 5 and 6 allow one to
perform various ‘what if ...?” calculations.
Taking a very pessimistic view of early surgery,
we could assume that all deaths following
surgery performed within 3 days of admission
could have been prevented if surgery had been
delayed. This would have prevented 45 deaths,
reducing the overall mortality rate for the whole
sample of 2613 patients from 19.2% to 17.5%.
In contrast, by taking an optimistic view of early
surgery, we could assume that all deaths in patients
without operations occurring between days 2 to
10 could have been prevented by early surgery,
and that deaths in patients who had operations
after day 3 could have been prevented by earlier
surgery. This would have prevented 190 deaths,

8-10 11-14 15-28 29-90 Total
5 4 | 4 28
6 2 2 2 17
4 | 0 2 8
0 0 0 3 3
- | 0 2 3
- - | | 2

25% 13% 7% 23% 100%

(1) ®) “) (14) (61

reducing the overall mortality rate from 19.2%
to 11.9%.

These are extreme scenarios. In practical terms,
they mean that a comparison between early and
late surgery in an unselected neurosurgical
population might require a trial with sufficient
power to detect a reduction in mortality of the
order of 1.7%. This implies a trial in which an
unfeasibly large sample size of about 720,000
would be needed in order to achieve 90% power
to detect a reduction in mortality from 19.2% to
17.5% at the 5% significance level. The SMR1
data could be used to refine these calculations —
for example, by imposing an upper age limit

on the trial population — but they would not
permit more precise inclusion/exclusion
criteria based on the patient’s clinical state,
which would be important considerations

in the design of an actual trial.

The uptake of embolisation

We had a particular interest in the analysis

of data relating to embolisation of aneurysms

as a way of illustrating the uptake of a new
technology. The data were divided by years from
1989 to 1995 (that is, from the introduction of
OPCS4 coding), and examined separately for
the four Scottish neurosurgical units (in
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Aberdeen, Dundee, Edinburgh and Glasgow).
When considered in the context of their catch-
ment populations, there were clear differences
between them in the timing and extent of take-
up of embolisation. It was also apparent, however,
that there were inconsistent patterns in the data;
in particular, many patients were recorded as
receiving both embolisation and clipping of
their aneurysm. Presentation of these data at

a neurosurgical meeting resulted in the clear
consensus that the data on clipping were
credible, but those on embolisation were not.

Having encountered this difficulty, we assessed
the validity of the SMRI data in one of the four
Scottish centres (the Institute of Neurological
Sciences in Glasgow) using two additional sources
of data. These were the computerised log of
neurosurgical procedures undertaken at the
Institute of Neurological Sciences and an exam-
ination of individual (non-anonymised) SMR1
records for all neurosurgical admissions to the
Institute during 1989-1995. These data were
provided with the consent of the neurosurgeons
concerned. The two data sets were then

linked and crosschecked.

The linkage was on the basis of name, age and
date of admission and/or operation. This was
not straightforward; the inconsistent spelling of
names and the fact that age is recorded only to
the nearest month caused many problems. With
a great deal of manual intervention, it was possible
to create an almost perfect match at the gross
level of identifying patients in the different data
sets: all but four of the 643 patients recorded on
the theatre log as undergoing clipping did have
an SMRI1 record; similarly, almost all patients
with aneurysm clipping recorded on the SMR1
database did appear in the theatre log. There
were, however, very obvious inconsistencies in
the finer detail of the records. Seven categories
of problem were identified:

(i) according to SMR1, 249 patients underwent
both clipping and embolisation (39% of
clipped patients according to the theatre log)

(ii) in SMRI, 36 (6%) patients were recorded
as being clipped, but not recorded in the
theatre log

(iii) 29 (5%) patients were clipped according to
the theatre log but their SMRI records did
not mention clipping or a diagnosis of SAH

(iv) 55 (9%) patients were clipped according to
the theatre log and did have a diagnosis
of SAH on SMRI1, but no SMRI1 record
of clipping

(v) 18 (3%) patients were clipped according to
both the theatre log and the SMR1 data, but
without an SMR1 diagnosis of SAH or non-
ruptured aneurysm

(vi) 148 (23%) patients had discrepant dates
between the theatre log and the SMR1 record

(vii) 184 patients were discharged alive from the
Institute of Neurological Sciences with a
diagnosis of SAH, but with no SMR1 record
of an angiogram, clipping, or embolisation.

One of the consultants at the Institute of
Neurological Sciences keeps a comprehensive
file of discharge letters, and used these to check
the data for 42 patients from categories (i) to
(v) and (vii). In 41 instances, the SMRI1 record
was incorrect. One patient from group (vii)
did indeed have a diagnosis of SAH but was
discharged without an angiogram or any
operation. By definition, the discrepant dates
(category (vi)) were also errors in the creation
of the SMR1 data, or arose from the structure
of the ‘procedures’ section of the record. We
discuss the more general implications of these
findings at a later stage of this report.

In summary, the SMR1 data on clipping are
relatively reliable, although the timing of surgery
relative to admission is not always recorded
reliably. The data on embolisation appear to

be largely unreliable. On further examination,

it was found that the specific code for angiography
(LL35.3 — ‘arteriography of cerebral artery’) did
not appear in the SMR1 records, although the
majority of patients with SAH will undergo this
procedure. The specific code for embolisation
(L35.1 - ‘percutaneous transluminal embolisation
of cerebral artery’) was used only very occasionally.
The code L35.2 — ‘embolisation of cerebral

artery (not elsewhere classified)’ was more widely
used and it is conceivable that 1.35.2 was used in
error for 1.35.3. 1L35.2 did not appear frequently
enough for it to have been systematically misused
as a code for angiography.

These coding difficulties are being pursued
further, but the data on ‘embolisation’ are clearly
far too untrustworthy for reporting at this stage.

Conclusions

Using routine data for the study

of SAH

Earlier in this account, we listed a number

of ways in which routine data appeared to have
potential for activities of the kind we describe.
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An assessment of their adequacy for this purpose
has two main dimensions: first, whether the
scope and content of the data were sufficient
and, second, whether their quality was adequate
for judgements about clinical interventions

and outcomes.

With qualifications, it was possible to gain insights
into the contemporary epidemiology of SAH and,
perhaps as usefully, to locate the patients who are
treated in specialised neurosurgical units in the
larger context of patients admitted to hospital
with this diagnosis. The need to proceed through
four stages of defining a final sample for analysis
is at least a cautionary indication that the patients
identified as appropriate for inclusion in trials
undertaken in specialist centres may not represent
the complete spectrum of a given condition.
More in the sense of audit rather than evaluation,
the analysis provided a means of assessing out-
comes and determining (for example) survival
rates over the weeks following haemorrhage.
These observations should have value for inform-
ing the design of more precise trials and should
have had value in determining changes in out-
come following the introduction of embolisation —
an application of routine data that was entirely
feasible. It was regrettable, therefore, that
inadequacies in the quality of the data (as

we identified them in one centre) largely
nullified these applications.

In summary, and for this application, the data
fell short in terms of their scope and content
chiefly in terms of their precision and their
account of the clinical state of patients both

at the time of admission and in measures of
subsequent outcomes other than death. Inform-
ation about the complexity and severity of
individual cases were likely to have informed
clinical judgements about early or late inter-
ventions so that its lack was an important defi-
ciency. This general observation has relevance
for comparable attempts to employ routine data
as an alternative to RCTs in other circumstances
where the latter are not thought feasible. It is
worth noting, however, that these shortcomings
could be overcome with relatively simple
(although focused) alternatives to the usual
practice of ‘standard’ record extraction for
routine data collection. The issue of quality

is of equal importance although — perhaps -

one that concerns local practices rather than

the inadequacies inherent in routine data systems
as such. Our experiences illustrate the further
difficulty that the quality of data collection is
likely to depend on the historical uses for which
the data have been employed. If routine data are
to be employed for new purposes (such as the one
we describe), then it follows that new standards of
abstraction and quality control are also needed.
This requirement takes in the other questions
we identify about the content of these records.



Health Technology Assessment 2000; Vol. 4: No. 22

Chapter 4

Case study 2: Prostatectomy for the treatment
of benign prostatic hyperplasia

Introduction

The prostate is a wedge-shaped gland that
surrounds the urethra as it emerges from the
bladder. Benign prostatic hyperplasia is a now
general term covering a wide range of urinary
symptoms but was originally a precise term to
describe the age-related growth of the prostate.
Symptoms of benign prostatic hyperplasia include
hesitant, slow, erratic, and frequent urination,
inability to empty the bladder fully and frequent
night time urination.” The epidemiology of these
problems is poorly described because benign
prostatic hyperplasia can be defined in many
ways, but it has been estimated that 75% of

men will develop benign prostatic hyperplasia

by the time they are 80 years of age.™

Treatment

Treatment is indicated by the severity of a
patient’s symptoms, which are often measured
by questionnaire although no specific degree
of difficulty can be taken as an indication for a
particular treatment.” One option is the use of
drugs, such as o-blockers and finasteride. Many
RCTs have compared these drugs with placebo
and have shown them to lead to substantial
reductions in the symptoms of a proportion of
men.”" The alternative is surgery, in particular
prostatectomy which involves the removal of
the prostate gland.

History of prostatectomy

Until 35 years ago, OPEN was the standard
method of prostatectomy in the UK.** Since
then, TURP has gradually replaced OPEN as
the surgical treatment of choice.” TURP is an
operation that reduces the bulk of the prostate
and relieves the static obstruction that the
gland’s enlargement has created; it was the
first major endoscopic operative procedure

in medicine. In 1996, TURP accounted for
94% of all surgery for benign prostatic hyper-
plasia in the US Medicare program.”® OPEN

is still the surgery of choice for patients with
particularly large prostate glands:”' a prospective
study undertaken by the American Urological
Association found that all patients with a
prostate larger than 80 g were subjected

to OPEN.™

A retrospective study of TURP and OPEN has
been performed in Scotland for the period 1968
to 1989.” The study was based on the linked
data set used for this case study — that is, the
linked SMR1 data. The Scottish results showed
that there were more OPENs than TURPs until
1976 with a dramatic increase in TURPs and a
gradual decline in the OPEN procedure since
that date.

TURP versus OPEN procedures
This change of surgical practice occurred
without a systematic assessment of whether
TURP was preferable in terms of effectiveness
and safety to OPEN.* Initially, it seemed that
TURP had the advantages of lower operative
mortality and shorter hospital stay. Its
disadvantages were that it was difficult to
learn, required special training and often
needed revision.™

A number of more recent retrospective studies
have compared the merits of TURP and OPEN.
One included data from England, Denmark and
Canada with a total recruitment of more than
54,000 patients.” The results provided evidence
for increased rates of re-operation and reduced
survival after TURP compared with OPEN and
these were consistent over time and location.
They also suggested an excess number of deaths
due to cardiovascular disease, especially MI, in
patients who underwent TURP. On the other
hand, it has been argued that the presence

of cardiovascular disease may influence the
decision to perform TURP rather than OPEN,
thus explaining the higher mortality associated
with the TURP patients.™

A further study conducted in Denmark also
found elevated mortality following TURP.* In
contrast to the findings of Roos and colleagues,”

13
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this study found that cardiovascular disease, and in
particular MI, were not especially important causes
of subsequent death in the TURP patients but the
Danish investigators did report that respiratory
disease (especially chronic bronchitis) accounted
for a disproportionate number of deaths. These
findings were mirrored by the Scottish study, which
also reported that the risk of mortality from cancer
(especially prostate and bladder cancer) was
significantly increased after TURP.”

SMRI data in the study
of prostatectomy

The potential of the data

Genuinely comparable groups of patients, necessary
for an assessment of the merits of TURP and OPEN
can only be obtained from RCTs. In the present
climate, however, it would be difficult to conduct
RCTs on ethical grounds because the majority
opinion is that TURP is superior to OPEN.”

The SMRI data set allowed a retrospective,
non-randomised comparison of TURP and
OPEN. The study was representative of a
general population — that is, all men in
Scotland receiving surgical treatment for
benign prostatic hyperplasia — rather than the
selected patient group of an RCT. Large patient
numbers meant that it was possible to explore
subgroup effects (such as mortality amongst
patients with a history of cardiovascular disease).
By defining a suitable length of study period,

it was possible to assess differences between
TURP and OPEN for longer-term

outcome measures.

The limitations of the data

Although TURP has become the surgery of
choice worldwide, OPEN is still the preferred
method for patients with particularly large
prostate glands. It was reasonable to assume

that TURP surgery is not performed in Scotland
for prostates larger than a certain size, but a
disadvantage of the SMRI system is that neither
the size of the prostate nor other indications

for surgical management are recorded. This
information would have been necessary to
obtain truly comparable groups of patients

for an assessment of the relative merits of TURP
and OPEN, and it would have been preferable to
omit patients in whom TURP was contraindicated.
In an ideal world, it would have been desirable
to perform analyses of the outcomes of TURP
and OPEN surgery for different degrees of
prostatic enlargement.

Co-morbidities, such as the presence of
cardiovascular disease, are included in the
SMRI data but the severity of either prostatic
enlargement or of other morbidities is not.
Given the findings of earlier studies, these
considerations are obviously relevant to a
comparison of the two procedures and the
indications for one or the other in

individual patients.

Methods

The basic study sample consisted of all patients
who received their first prostatectomy (TURP or
OPEN) between 1989 and 1995 with a principal
diagnosis of benign prostatic hyperplasia (ICD-9
code 600). Patients whose first hospital admission
(episode) for prostatic hyperplasia included a
record of both TURP and OPEN prior to 1989
were excluded because it was not possible to
ascertain the initial procedure. Historical
variables were derived from the linked data in
order to describe a patient’s previous hospital
admissions. These included codes for diabetes
at any time prior to hospital admission for
prostatic disease, a hospital admission with a
diagnosis of circulatory disease in the previous

5 years, and an admission with a diagnosis of
acute MI in the previous 28 days. These variables
are listed in Table 7. Each patient’s subsequent
hospital and death records were abstracted

in order to measure mortality and

re-operation rates.

Results

The initial comparison

There were 26,225 first prostatectomies in
Scotland between 1989 and 1995; of these,
97% (25,345) were TURP and only 3% (880)
were OPEN. Figure 2 plots the frequency of
the two procedures: the number of OPEN
procedures has gradually declined and, except
for a peak in 1994, the number of TURP
operations has remained fairly constant.

The patient group who underwent OPEN
(mean age 72 years) were slightly older than
TURP patients (mean age 70 years); this finding
has been reported in other retrospective
studies.”"’ The mean age of TURP patients
remained fairly constant between 1989 and
1995, but the mean age of OPEN patients has
been more variable. Part of this observation

can be attributed to the small numbers involved,
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TABLE 7 Variables describing a patient’s hospital admissions prior to prostatic surgery abstracted from the linked SMRI data set

Variable ICD-9 code(s) Variable name
Acute Ml coded in any diagnostic position at any previous time 410 AMI
Acute MI coded in any diagnostic position in the previous 28 days 410 AMI4
Angina coded in any diagnostic position at any previous time 413 ANGI
Cancer coded in any diagnostic position in the previous 5 years 140-239 CANS5
Condition of the circulatory system coded in any diagnostic position in the 390—405; CIRS
previous 5 years 430459
Diabetes coded in any diagnostic position at any previous time 250 DIAB
Heart disease (not ischaemic heart disease) coded in any diagnostic position 415417, HTD5
in the previous 5 years 420-429
Other ischaemic heart disease coded in any diagnosis column at any previous time 411-412; OIHD
414
Conditions of respiratory system coded in any diagnostic position in the 460-519 RES5
previous 5 years
Frequency

4000 - o

3000 —

2000

1000

0 T T T T T 1
1989 1990 1991 1992 1993 1994 1995
Year of operation

FIGURE 2 The frequency of TURP (— — —) and OPEN (—) in Scotland: 989—1995

but there is a case for suggesting the mean age
for this procedure has been falling (Figure 3).

Characteristics of patients undergoing
TURP and OPEN

In a retrospective, non-randomised study of

this kind, it is impossible to guarantee that the
characteristics of patients in different treatment
groups will be similar. Indeed, it is unlikely that
this will be so because the data will reflect clinical
grounds for patient selection.

An early analysis, based on logistic regression,
explored differences in case mix between

TURP and OPEN patients. The significant
covariates and their associated odds ratios from
the final regression model are listed in Table 8.
As might have been expected, younger patients
(< 60 years) had an increased chance of receiving
TURP. Patients with previous hospital admissions
for circulatory or respiratory disease also had

an increased chance of receiving TURP, as did
patients with earlier ischaemic heart disease,
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FIGURE 3 Mean age and 95% confidence intervals (Cls) for OPEN (—) and TURP (——) patients: Scotland: 1989—1995

TABLE 8 Significant covariates and their associated odds ratios from a logistic regression model investigating treatment selection bias.
Variable definitions are those in Table 7

Significant covariates n % TURP (n) Odds ratio (95% CI)
Age 70" 1204 95.8% (1153) I

Age 60 652 98.0% (639) .41 (1.40 to 1.42)

No prior admission for circulatory system 23,455 96.5% (22,640) I

Prior record of CIR5 2770 97.7% (2705) 1.42 (1.09 to 1.83)

No prior admission for respiratory system 24,308 96.6% (23,472) I

Prior record of RES5 1917 97.7% (1873) 1.46 (1.07 to 1.99)

No prior admission for other ischaemic heart disease 24,494 96.5% (23,643) I

Prior record of OIHD 1731 98.3% (1702) 1.90 (1.30 to 2.76)

*Age was fitted as a continuous variable. Ages 60 and 70 are included as illustrations

which included conditions such as acute MI Survival without re-operation

(ICD-9 410), other ischaemic heart disease Figure 4, derived from a Cox regression model,
(ICD9 411-412; 414) and pre-infarction syndrome shows survival free from re-operation in the
(ICD9 411). This finding supports the argument TURP and OPEN patient groups. The survival
that the presence of cardiovascular disease may curves in this figure describe the time interval to
influence the decision to perform TURP rather first re-operation: some patients had more than
than OPEN.” Somewhat surprisingly, therefore, one subsequent operation. About 12% of the
there appeared to be no selection bias for patients TURP patients had at least one more prostatic
who had been admitted to hospital for acute operation over the 7 years of the analysis with

MI (ICD-9 410) in the previous 4 weeks. a fairly smooth decline in the proportion who
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Cumulative survival
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FIGURE 4 Survival free from further prostatic surgery for OPEN (—) and TURP (

first operation)

had not had a further operation over this period.
Perhaps because of the nature of the procedure,
the re-operation rate for patients with an initial
OPEN operation was very much smaller at about
4%. Younger patients (odds ratio 0.94) were less
likely to undergo further operation and patients
with cancers (odds ratio 1.26) were more likely
to experience further surgery.

There was a highly significant interaction

between diabetes as a co-morbidity and the

type of prostatectomy (p < 0.0001) when diabetic
patients who received OPEN were much more
likely (odds ratio 16.94) to require further
surgery than diabetic patients who received

TURP (odds ratio 0.87). Initially, this result
appeared to illustrate the potential of routine
data for exploring subgroup effects that might

be difficult to identify in RCTs. Only 17 diabetic
patients were treated with OPEN surgery, however,
and thus, in statistical terms, it is likely that this
observed interaction was due to the effect of small
numbers rather than a true difference between
TURP and OPEN for patients with diabetes. It is
also possible that the choice between TURP and
OPEN reflected differences in the severity of the
patients’ diabetes (or the presence of diabetic

) patients (cumulative survival in months from

complications) that were not included in the
SMRI data.

In total, 96% of the 1440 re-operations were
for TURP, regardless of the initial operation
performed. As well as TURP being the surgery
of choice for a patient’s first prostatectomy, it
was also preferred if a patient’s condition
worsened, if initial surgery failed, or if the
surgery was associated with complications.

A drawback of the analysis was that only

24 OPEN patients were re-operated on com-
pared to 1416 TURP patients. This discrepancy
made it difficult to verify the results of the
study as this imbalance had a considerable
influence on the study as a whole.

Mortality rates for TURP and OPEN
Crude mortality rates at 90 days, 1 year and

5 years are shown in Table 9, which also includes
adjusted odds ratios of TURP compared to
OPEN. These were adjusted for case mix using
logistic regression, in which those variables listed
in Table 7 found to be significantly related to
mortality were included. The mortality rates

are biased because, in order to allow each

17



Case study 2: Prostatectomy for the treatment of benign prostatic hyperplasia

TABLE 9 Crude mortdlity rates after 90 days, | year and 5 years for TURP and OPEN in Scotland: 1989—1995.The odds ratios are

adjusted for case mix using logistic regression

Time Crude mortality rate
90 days TURP 1.4%; OPEN 2.7%
| year TURP 5.6%; OPEN 6.7%
5 years TURP 28.0%; OPEN 29.1%

OR: odds ratio

patient a suitable length of follow-up, data from
later years (or in the case of 90 day rates, year
and months) have been omitted.

Both the unadjusted and adjusted odds ratios
at 90 days show that mortality for the OPEN
patients is significantly worse than mortality
for the TURP patients. This result contradicts
the overall finding of the study reported by
Roos and co-workers,*® which described an
increased risk of death at 90 days after TURP
when compared with OPEN. In that study,
however, (and in Denmark, which accounted
for the majority of study patients) 90-day
mortality was slightly lower among patients
undergoing TURP who were 75 to 84 years
of age.

Mortality rates, both unadjusted and adjusted,
were not significantly different after 1 and

5 years. Higher mortality amongst TURP patients
was reported at these time points by Roos and
colleagues.” It is worth noting that the period
of the present study is 1989-1995 whereas the
Danish, Canadian and English study employed
data ranging from 1963 to 1985. The results of
the two studies are thus not strictly comparable
because different time periods (and different
stages of the adoption of the TURP procedure)
were investigated.

Significant predictors of mortality at 90 days,

1 year and 5 years were increasing age, cancer,
earlier circulatory disease, other heart disease,
and respiratory disease as co-morbidities. As we
note above, exploration of subgroup effects
was not pursued because of the effect of small
numbers on covariate interactions.

Survival following prostatectomy
Mortality following TURP and OPEN was
assessed for three specific time intervals. A Cox
regression analysis was employed as a way of
evaluating cumulative survival following
treatment between 1989 and 1995.

Unadjusted odds ratio

OR 0.52 (95% CI, 0.34 to 0.78)
OR 0.84 (95% CI, 0.64 to 1.09)
OR 0.96 (95% CI,0.81 to 1.14)

Adjusted odds ratio

OR 0.56 (95% CI, 0.36 to 0.86)
OR 0.95 (95% Cl,0.71 to 1.27)
OR 1.15 (95% CI,0.89 to 1.48)

The significant covariates from the final
regression model, and their associated relative
risks, are listed in 7able 10. As before, patients
aged less than 60 years had a much reduced

risk of death (odds ratio 0.44) and patients

with co-morbidities — cancers, other circulatory
disease, older records of ischaemic heart disease,
other heart disease, respiratory disease, or recent
MIs — had an increased risk of death with relative
risks ranging between 1.64 (cancers) and 1.16
(previous ischaemic heart disease). There was no
evidence of a treatment by covariate interaction.
Figure 5, derived from the Cox regression model,
shows survival in the TURP and OPEN patient
groups. The similarity in shape of the two survival
curves is striking — although TURP patients

have a reduced chance of survival, the difference
is not significant. Figure 5 is virtually the same

as the corresponding results from the Danish
retrospective study, except that the death

rates for the Scottish data are lower for

both procedures.”

Death from MI following
prostatectomy

Earlier, we noted evidence that suggested an
excess number of deaths from cardiovascular
disease, especially MI, in patients receiving
TURP.” Patients whose principal diagnosis
at death was MI (ICD-9 code 410) were
identified and a Cox regression analysis
performed to determine whether TURP
patients had an increased risk of death
from this cause. Death from MI accounted
for 20% of all deaths.

Figure 6 shows mortality from MI in the TURP
and OPEN patient groups. The shapes of the
survival curves are almost identical to those

for all deaths (Figure 5) except that OPEN
patients have a reduced chance of survival
compared to TURP patients. This difference

is not significant, but it contradicts the findings
of Roos and colleagues.” Not surprisingly,

the best predictor of death from this cause was
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TABLE 10 Significant covariates and their associated odds ratios from a Cox regression model investigating survival free from mortality.

Variable definitions are those in Table 7

Significant covariates n Proportion who died (n) Odds ratio (95% CI)
Age 70 1204 14.9% (179) [
Age 60 652 8.4% (55) 0.444 (0.442 to 0.446)
No prior admission for cancer in previous 5 years 24,023 18.3% (4394) |
CANS 2202 27.7% (610) 1.64 (1.51 to 1.78)
No prior admission for circulatory disease in previous 23,455 18.1% (4256) |
5 years
CIR5 2770 27.0% (748) 1.46 (1.35 to 1.58)
No prior admission for heart disease in previous 5 years 24,758 18.0% (4454) |
HTDS5 1467 37.5% (550) 1.56 (1.41 to 1.72)
No prior admission for respiratory disease in previous 24,308 18.0% (4376) |
5 years
RES5 1917 32.8% (628) 1.64 (1.50 to 1.79)
No prior admission for acute Ml 24,487 18.6% (4565) |
AMI 1738 25.3% (439) 1.27 (1.15 to 1.41)
No prior admission for diabetes 25,556 18.8% (4793) |
DIAB 669 31.5% (211) 1.57 (1.36 to 1.80)
No prior admission for other ischaemic 24,494 18.7% (4582) |
heart disease
OIHD 1731 24.4% (422) 1.16 (1.04 to 1.29)
*Age was fitted as a continuous variable. Ages 60 and 70 are included as illustrations
Cumulative survival
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FIGURE 5 Survival for OPEN (—) and TURP (-

) patients in the 90 months following operation
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FIGURE 6 Death from acute Ml (ICD-9 code 410) for OPEN (—) and TURP (—) patients in the 90 months following operation

whether the patient had a history of acute MI
at the time of operation [relative risk (acute MI:
no acute MI) = 1.73; 95% CI, 1.42 to 2.11].

Conclusions

TURP has become the surgery of choice for
benign prostatic hyperplasia without a systematic
assessment of its effectiveness and safety. In
Scotland, as in the rest of the world, TURP is
the surgery of choice with OPEN accounting

for only 3% of first operations between 1989
and 1995. For this reason, RCTs in this area

are likely to be both impractical and unethical
because the majority of surgeons believe TURP
to be superior to OPEN. In these circumstances,
the objective of the present study was to compare
TURP and OPEN using retrospective, non-
randomised data.

As the literature had reported, the results

of the study show that the risk of re-operation
was substantially higher among patients who
underwent TURP.” Mortality at 90 days was
significantly worse for OPEN patients compared
to TURP patients but, after 1 year and 5 years,
there were no significant differences in death

rates between the two groups. This finding
contradicts earlier reports although it should be
remembered that the study periods were differ-
ent.” An analysis of cumulative survival failed to
demonstrate significant differences between the
two procedures: these survival curves were
virtually identical to those from a comparable
Danish study.”

In a somewhat negative sense, the study

illustrates the need for timeliness in comparisons
of this kind. As TURP is now the procedure of
choice and is employed for a very high proportion
of cases, a comparison of the two procedures may
no longer be meaningful. The patient character-
istics of the two treatment groups were different
suggesting different (unrecorded) criteria in the
choice of procedure. The substantial discrepancy
in the size of the two groups introduced difficulties
in the statistical analysis, especially in the assess-
ment of potential subgroup effects. This was an
important disadvantage when one considers the
prevalence of co-morbidities in the relatively
elderly population at risk of this procedure;
questions such as re-operation or survival rates

are likely to be important in light of these
additional conditions and not simply as a
characteristic of the procedures themselves.
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Using routine data for the study

of prostatectomy

It will be evident that the linked SMR1 data set
was a more satisfactory framework for a study of
this type than that we describe for SAH although
some of the inadequacies of the data — notably
the lack of data about complexity and severity —
were common to both studies. In the context
of what was virtually a single procedure for a
given condition, the issue emerging from the
analysis of the SMR1 data was that of the way

in which co-morbidities influenced or modified
outcomes. The prospect of a long series of
RCTs investigating the implications of these
many possibilities is difficult to imagine and

so one use of routine data (in this and com-
parable circumstances) could be that of
evaluating covariate effects at least to the

stage of identifying relationships meriting

more formal investigation. The odds ratios

we report above go some of the way towards
illustrating this application, but due to the lack
of clinical detail in the records, they are not a
satisfactory basis for study design. This is not
to say, however, that routine record systems
could not be adapted for these purposes.

There is a potential for bias if there are
differential levels of the recording of secondary
diagnoses between hospitals, as was noted in a
recent study using routine data in England based
on the English NHS Contract Minimum Data
Set.” Whilst it is possible to take such bias into
account during analyses," this is of more
importance if direct comparisons are being
made between providers. In a similar vein it is
possible that differences between hospitals in
admission thresholds could lead to differences
in recorded medical history (as reflected in
prior hospital admissions).*
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Chapter 5

Case study 3: Coronary revascularisation

Introduction

CABG as a technique for coronary
revascularisation in patients with symptomatic
coronary artery disease was first reported in
1968."” When the procedure is compared to
medical therapies, there is strong evidence
that the technique results in prolonged survival
and an improved quality of life in specific
patient subgroups.*! The rate of coronary
artery surgery in the UK has risen steadily
from 212 per million in 1986 to 341 per
million in 1993/1994.%°

PTCA was described in 1979 as an alternative
revascularisation technique. It was used initially
in patients with single vessel disease but, as the
technology advanced, the procedure has been
employed for patients with multivessel disease.
A more recent development has been that of
placing coronary stents as part of the PTCA
procedure: it has been estimated that more
than 500,000 such stenting procedures would
take place worldwide in 1998, and would
comprise between 60% and 90% of all

PTCA procedures.”’

Clearly, there are fundamental differences
between the two techniques. With PTCA,
there is a risk of further stenosis as a result
of elastic recoil, or from the progression of
atherosclerosis. PTCA does, however, retain
future options for revascularisation. CABG
places venous conduits, which are largely
immune from advancing disease® although
they do tend to deteriorate over time.
Repeating the bypass surgery can be com-
promised if the ‘prime’ veins have been
used in an initial procedure.

The evidence from trials

There are several well-defined subgroups of
patients where one or other procedure is
clearly indicated, but there is a large ‘grey
area’ where either procedure may be thought
appropriate. Several clinical trials comparing
CABG and PTCA as the first intervention in
patients with symptomatic coronary artery
disease have been conducted or are on-going.
In 1995, a meta-analysis by Pocock and

colleagues® summarised the results of

eight trials in which a total of 3371 patients
(1661 CABG and 1710 PTCA) had been
followed for a mean of 2.7 years. The number
of deaths was 73 in the CABG group and

79 in the PTCA group resulting in a relative
risk for PTCA of 1.08 (95% CI, 0.79 to 1.50).
The number of deaths is too small for this
result to establish the equivalence of the

two mortality rates: a more sensitive com-
parison of the two procedures employed

the composite endpoint of cardiac death

or non-fatal MI.

The results of the eight trials were relatively
consistent, with a total of 127 endpoints in the
CABG group during the first year compared

to 135 endpoints in the PTCA group (relative
risk 1.03; 95% CI, 0.84 to 1.27). Over the entire
follow-up period there were 154 endpoints

in the CABG group and 169 in the PTCA
group (relative risk 1.10; 95% CI, 0.89 to 1.37).
In contrast to these findings, there was evi-
dence that CABG gave better control of

angina compared with PTCA and required

less frequent subsequent intervention. A sub-
group analysis based on three of the eight trials
suggested that CABG was to be preferred to
PTCA in patients with single vessel disease in
terms of the endpoint of cardiac death or non-
fatal MI. This is, perhaps, a counter-intuitive
finding to be interpreted with caution given
the very small number of events on which the
subgroup analysis was based.

These findings are limited by the short
follow-up period, and so it is helpful to
consider the results of the BARI trial, which
had an average follow-up of 5.4 years.” The
5-year survival rate was 89.3% for the CABG
group and 86.3% for the PTCA group
(p=0.19; 95% CI for difference -0.2% to
6.0%). Again, there is no strong evidence
of a difference in outcomes, although the
limited number of deaths is reflected in a
wide CI that does not exclude the possibility
of a clinically relevant difference. A post hoc
subgroup analysis suggested that CABG is

to be preferred to PTCA in patients with
treated diabetes.
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Limitations of the trial data

In a commentary accompanying the Pocock
meta-analysis, White’' pointed out that the trials
of CABG versus PTCA leave many questions
unanswered. There is, first, the problem of
generalising these findings: the trials have
randomised only a minority of the patients

who were eligible for revascularisation. Second,
even when taken together in a meta-analysis,
trials up to the present have been underpowered,
and their results do not exclude what may be
clinically relevant differences in either mortality
or later MI. Third, there is the question of the
most appropriate outcome measures: one could,
for example, consider PTCA as a ‘package’ or

a holding procedure, accepting as a ‘cost’ the
possibility of further intervention in return

for the perceived benefit of delaying a CABG
procedure that it might not be possible to
repeat. For this argument, follow-up periods

of the trials have been too short because

CABG procedures would not be expected

to fail for about 6 years. Fourth, there is the
question of subgroup effects. Various trials

have suggested that there are such effects,

but none has had sufficient power to investigate
this issue. This is a crucial difficulty because

the clinical question is not so much a simple
comparison of CABG with PTCA, but rather
one of narrowing the indeterminate area
between them by improving the identification
of patients where one or other procedure is
indicated. Finally, the trials report outcomes
that may have been overtaken by advances in
the procedures themselves. Anaesthetic and
surgical techniques have improved, and the

use of stents in conjunction with PTCA is
becoming widespread.”” How relevant are
comparisons of yesterday’s technology for
today’s practice?

Some of these problems are inherent in any
approach to health technology assessment.

By definition, evaluation must lag behind the
development of new technologies — in particular,
and for questions of this kind, it takes time to
accumulate adequate long-term follow-up data.
Routine data have the potential to address some
of these problems. They provide a powerful
means of assessing the relationship of trial
populations to the ‘real world’ from which

they are drawn, and they have the potential

for assembling much larger numbers of cases
than can be achieved in trials. Routine data
could be used to augment a meta-analysis

of trial data, and could be used to explore
subgroup effects.

SMRI data in the study of
coronary revascularisation

The potential of the data

The two main ways in which trial data in this
area may be insufficient are, first, that, even with
meta-analysis, patient numbers are insufficient
for detecting modest but relevant differences

in mortality between the two procedures and
are inadequate for exploring subgroup effects.
Second, the length of follow-up is unlikely to
detect late failures of CABG. A further problem
is that trial subjects are highly selected and likely
to be unrepresentative of the large majority of
patients who undergo coronary revascularisation.
Hundreds of thousands of these operations are
conducted around the world each year, and

the poverty of trial data is, therefore, an inter-
esting commentary on the perceived import-
ance of trials as a support for major invasive
procedures when compared to those expected
for pharmaceutical innovations. It is, perhaps,

a reflection of differing regulatory standards
and requirements.

Routine data can provide the potential to study
very large numbers of patients, with prolonged
follow-up. Unlike trial data, they also provide
the opportunity to study epidemiological trends
in the uptake of different procedures, and to
characterise their use in the entire patient
population. In this case study we describe these
epidemiological aspects of their use briefly, but
focus chiefly on trying to combine information
from the routine data with the trial data in
order to make formal comparisons of
outcomes following the two procedures.

The limitations of the data

In practice, several problems limited the
usefulness of the linked SMR1 data for analysing
the outcomes of coronary artery revascularisation.
The first was that there was no definitive way of
identifying patients who were undergoing their
first coronary revascularisation outwith the data
themselves. The linked data had to be used to
identify records of previous procedures; doing
so was further complicated by the fact that an
operative code for PTCA was not included in

the OPCS3 operation codes used before 1989.
Patients who underwent this procedure before
this date could not be confidently identified.
The records did not include a description of

the patients’ clinical state (specifically, the
severity of angina). This information would

have been invaluable as a way of stratifying

case mix, and in interpreting outcome measures.
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There was no record of the extent of the
underlying pathology — particularly, whether
patients had single or multiple vessel disease,
used in many trials as an entry criterion, or as a
stratifying factor. It was possible to approximate
to this pathological classification by using pro-
cedure codes, which permitted a distinction
between single and multiple vessel interventions
whether for CABG or PTCA. Doing so introduced
a degree of confounding, however, because it
was possible for patients with multivessel disease
to have a first procedure performed on only
one of the affected vessels.

Methods

The initial sample comprised all patients with

an SMRI1 record of CABG or PTCA between

1989 and 1995. These records were then divided
between patients who had procedures for single
or multivessel disease on the basis of the OPCS4
operative codes. A subset of the sample was then
generated to reflect as closely as possible the entry
criteria for the major trials, with the idea that it
may be possible to compare the results achieved
following CABG or PTCA in the general populace
with those that would have been expected given
the trial results. Moreover, it was of interest to
note whether the slightly higher relative risk
estimated for PTCA on the basis of the meta-
analysis would change in the light of additional
data. To define the subset, patients were excluded
if there was a record of an earlier CABG (from

1981 onwards) or PTCA (from 1989 onwards)

or if any of the following diagnoses were recorded
at the time of surgery: diseases of mitral valve
(ICD-9 394); diseases of aortic valve (ICD-9 395);
diseases of mitral and aortic valves (ICD-9 396);
acute MI (ICD-9 410); other diseases of endo-
cardium (ICD-9 424); cardiac dysrhythmias
(ICD-9 427); heart failure (ICD-9 428); and ill-
defined descriptions and complications of heart
disease (ICD-9 429). The remaining sample
within the limits of the SMR1 data were regarded
as patients undergoing their first coronary
revascularisation and was designated the
‘pseudo-RCT sample’. It included 12,238
individuals, of whom 8524 (70%) underwent
CABG. Those failing to meet these criteria

are described as the ‘excluded sample’ and
comprised 2359 individuals, of whom 1825
(77%) underwent CABG.

Results

Epidemiology: coronary
revascularisation in Scotland
between 1989 and 1995

Figure 7 plots the number of CABG and PTCA
procedures undertaken in Scotland from 1989
to 1995 for patients in the pseudo-RCT sample.
At 33 per 100,000, the rate of CABG operations
was considerably greater in 1995 than the rate
of 9 per 100,000 in 1989; the rate for PTCA
was 14 per 100,000 in 1995 — an increase from
7 per 100,000 in 1989. In absolute numbers,
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FIGURE 7 The frequency of PTCA (— ——) and CABG (—) (numbers of cases) in Scotland: 1989—1995
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CABG was considerably more common than
PTCA, and, until 1994, the rate of increase was
also greater for CABG. This increase was mostly
attributable to the largest of the three main
Scottish centres performing these operations.

An initial logistic regression investigated case
mix differences between patients undergoing
the two procedures. As expected, there was
strong evidence of selection bias: female patients,
patients with multivessel disease, and patients
with hypertension were more likely to receive
CABG. (One referee pointed out that it was
possible that the observation that female patients
were more likely to undergo CABG could be
explained by their older age at onset of angina.
Unfortunately age at onset is not collected
routinely and it is unlikely that a prior
hospitalisation for angina, which would be
available from linked records, would give a clear
link to the time of onset.) Patients with a record
of MI in the previous 4 weeks and those with
angina as a recorded co-morbidity were more
likely to receive PTCA. This pattern was clearly
evident in the pseudo-RCT sample, and even
more apparent in the excluded sample.

’

Comparing RCT subjects with ‘routine
CABG/PTCA patients

Table 11 compares the baseline characteristics
of the two samples from the SMR1 data with

a major trial published after the Pocock meta-
analysis,””” and the three largest trials from the
meta-analysis.”*”* The pseudo-RCT patients

are broadly similar to the trial populations,
although a major difference between the trials
is whether or not they focused on multivessel
disease. The excluded sample had a higher
proportion of females, but was otherwise
broadly similar to the other populations.

Cardiac death and/or acute Ml following
CABG/PTCA

The primary endpoint for the Pocock meta-
analysis” was cardiac death and/or acute MI
within 1 year. Table 12 shows the relevant event
rates in each of the trials from the meta-analysis,
together with those from the two routine data
samples. In general, the pseudo-RCT sample
had event rates for the two procedures that were
less than those for most individual trials. One
might note, however, that the range of these
rates across the eight trials was between

TABLE |1 The baseline characteristics of patient samples extracted from routine SMR| data compared with those of four

published trials
Pseudo-RCT Excluded
Number of patients 12,238 2359
Mean age (years) 58 62
Female (%) 24 33
Diabetes mellitus (%) 7 7
Previous MI (%) 40" 41"
Single-vessel disease (%) 43f 48t

Patient sample

BARI®*® CABRI*? RITAS? EAST>
1829 1054 1011 393
6l 60 57 62
27 22 19 26
25 12 6 23
55 43 43 4]
2 I 45 0

*
Determined from previous hospital admission; T determined from operation code (not diagnosis)

TABLE 12 Event rates for death and/or acute Ml within | year in samples extracted from routine SMR| data compared with those in

the eight RCTs included in the Pocock meta-analysis*®

Pseudo- Excluded CABRI
RCT

Number 377 288 72 65
of events

Event rates for death or acute Ml (%):
CABG 37 13.6 5.7 6.2
PTCA 4.1 27.6 79 6.7

Patient sample

RITA EAST GABI Toulouse MASS Lausanne ERACI

57 28 12 6 8 15
18.4 10.2 79 1.4 3.0 10.9
13.7 5.5 79 6.9 8.8 12.7
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1.4% and 18.4% for CABG and between 5.5% and
13.7% for PTCA with only very small numbers

of events in some studies. As expected, the

event rates for the excluded sample were
considerably higher.

The meta-analysis combining the results from
these eight trials reported a relative risk for PTCA

compared to CABG of 1.03 (95% CI, 0.84 to 1.27).

A logistic regression was used to estimate the
same relative risk, controlled for case mix, for the
pseudo-RCT sample. The point estimate was 1.15,
with a 95% CI of 0.90 to 1.48. A more detailed
analysis, which modelled potential interactions
between covariates and the treatment effect,
provided evidence supporting an interaction with
patients who had had an MI within 4 weeks prior
to their intervention. This approach, therefore,
has the potential for exploring subgroup effects,
which, in this context, are plausible a priori.”!

Revascularisation following
CABG/PTCA

Figure 8, derived from a Cox regression model,
shows survival free from revascularisation in the
CABG and PTCA groups, for the pseudo-RCT

sample. It is clear that PTCA patients are far
more likely to require reintervention than
CABG patients. The BARI and EAST trials
reported similar analyses and the similarity

in the shape of the survival curves from the
two sources is striking. For the PTCA patients,
the rate of reintervention was higher for

the pseudo-RCT sample than for the
excluded sample.

Mortality following CABG/PTCA
Table 13 summarises mortality at 1 year for the
pseudo-RCT and excluded groups, and Table 14
reports the corresponding results for deaths
within 5 years. The 5-year results are based on
relatively small numbers from early in the study
period. For the pseudo-RCT patients, both
unadjusted and adjusted for case mix, 1-year
outcomes demonstrate that deaths among the
CABG patients were significantly more frequent
than those in the PTCA patients. This finding
contrasts with the findings of the randomised
trials where, based on substantially smaller
numbers, no significant difference in mortality
has been reported. The 1-year mortality rate

of 3.2% for CABG patients is comparable to

Cumulative survival
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FIGURE 8 Survival free from revascularisation for pseudo-RCT patients in the CABG (—) and PTCA (

) treatment groups
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TABLE 13 Mortdlity rates and odds ratios between PTCA and CABG dfter | year in the two patient groups extracted from routine

SMRI data
Mortality rate
CABG PTCA
Pseudo-RCT patients 3.2% 1.7%
Excluded patients 13.5% 7.1%

Odds ratio
PTCA:CABG (95% CI)

Adjusted odds ratio
PTCA:CABG (95% CI)

0.54 (0.40 to 0.73)
0.53 (0.36 to 0.78)

0.68 (0.49 to 0.93)
0.4 (0.25 to 0.68)

TABLE 14 Mortality rates and odds ratios between PTCA and CABG dfter 5 years in the two patient groups extracted from routine

SMRI data
Mortality rate
CABG PTCA
Pseudo-RCT patients 8.9% 7.2%
Excluded patients 27.0% 3.3%

the rate of 2.7% reported in the CABRI trial.
This trial reported a rate of 3.9% for the PTCA
patients, however, and this is more than twice
the rate observed for the pseudo-RCT patients.

In the pseudo-RCT sample, neither the
unadjusted nor the adjusted results provide
evidence of a difference in mortality at 5 years
between the CABG and PTCA groups. This is
consistent with the results from the randomised
trials, but there is a similar pattern to that
observed at 1 year: the pseudo-RCT mortality
rate for CABG was similar to that observed in
the randomised trials, but the rate for PTCA
(at 7.2%) was lower than that reported for
the BARI and EAST trials.

The results for the excluded patients show the

expected high mortality rates in the CABG group.

The low 5-year mortality rate for the excluded
PTCA patients could reflect the careful selection
of patients with complicated coronary disease in
the early years of developing this procedure.

Synthesising evidence from
randomised and non-randomised
studies using Bayesian methods

The odds ratio for mortality after 1 year in

the pooled meta-analysis* was 1.03 [95% CI,
0.84 to 1.27]. For pseudo-RCT patients, the
odds ratio was 1.15 [95% CI, 0.90 to 1.48] after
case mix adjustment. These results appear

to be in quite close agreement, but a more

Odds ratio
PTCA:CABG (95% CI)

Adjusted odds ratio
PTCA:CABG (95% CI)

0.81 (0.59 to I.11)
0.12 (0.03 to 0.48)

1,00 (0.70 to 1.43)
0.12 (0.03 to 0.59)

formal assessment is needed in order to have
greater confidence in this conclusion. Two
Bayesian approaches are used below as a

way of synthesising the two sets of results.
(Discussions on the use of Bayesian methods
in health technology assessment™ and RCTs™
can be found elsewhere.)

Approach I: forming a
predictive distribution
For this approach, the eight trials included
in Pocock’s fixed-effects meta-analysis were
re-analysed employing a Bayesian random-

effects model®” in which:
y; = In(odds ratio) for the ¢th study [1]
s; = standard error of In(odds ratio) for the
ith study
yi ~ Ny, 5)
Vi=ptpz;
z; ~N(,1)

and where p ; denotes the true treatment effect
on the In(odds ratio) scale in the ith study; # and
p° denote the population mean and between-study
variance, respectively; and z; are random effects
measuring the differences between the treatment
effect in individual studies from the overall
population effect.

The approach requires prior distributions to

be placed on the unknown parameters y and p.
For a fully Bayesian approach, these prior
distributions should reflect knowledge known
about the parameters. This can take the form of
a clinician’s beliefs or information from previous
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studies. For this synthesis, non-informative priors
were used so that outcomes were driven from
evidence provided by the data.

The random-effects model [1] was set up using
the BUGS software.”® The overall treatment effect
was found to be ¢ =1.03 [95% CI, 0.78 to 1.37].
The point estimate was the same as that derived
from the fixed-effects meta-analysis, but the
random-effects CI was considerably wider than
the fixed-effects CI. This is because the random-
effects model accounts for heterogeneity
between the studies.

A predictive distribution can be formed from
this modelling procedure and can be regarded
as the distribution of possible odds ratio values
for a new study (randomised or non-randomised)
deriving from the evidence of the RCTs. This
is done by monitoring a new effect in the
random-effects model [1], for example p(pred),
which incorporates the uncertainty associated
with g, the overall treatment effect, and p°,

the between-study variance.”” The distribution
of p(pred) is shown in Figure 9, along with

the odds ratio point estimate and CI for
cardiac death and/or acute MI within

1 year formed from the routine data (pseudo-RCT)
patients. It is clear that the pseudo-RCT estimate is
wholly compatible with the RCT evidence.

Approach 2: accounting for different
study types

For this approach an extension of the random-
effects model [1] was used to account for the
fact that some of the cardiac death or acute
MI evidence stems from RCTs and some is
attributable to the routine data. The model

is detailed below:

yi ~ Ny sy [2]
Y= 05+ 05z

0;=p+ue;

z;; ~ N(0, 1)

£; ~N(0, 1)

where v ; is the treatment effect of the ith study
of type j; 0 is the treatment effect for studies of
type j; # is the overall treatment effect; o ]2 is

the variance between studies of type j; and 7* is
the between-study type variance. The random
effects z;;and ¢ reflect the differences in the
true intervention effect in individual studies

from the overall effect for study type j, and
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FIGURE 9 Predictive distribution of possible odds ratio values for cardiac death or acute Ml at | year derived from RCT evidence, and

the corresponding odds ratio for pseudo-RCT patients
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the differences in the true intervention effect for
study types j from the overall population effect,
respectively. For this approach the pseudo-RCT
patients were split according to the hospital in
which they received their PTCA or CABG. This
resulted in three centres; that is, Glasgow,
Edinburgh and Aberdeen.

As for Approach 1, prior distributions need to
be placed on the unknown model parameters,
in this case, for 0yt and u. As before, non-
informative priors were employed. The random-
effects model accounting for study type [2] was
set up using the BUGS software and the results
are displayed in Figure 10. The estimate of the
pooled odds ratio for the randomised studies
is eO] =1.08 [95% CI, 0.83 to 1.42] and for the
non-randomised (routine) studies is 602 =1.13
[95% CI, 0.86 to 1.52]. The estimate of the
overall pooled odds ratio is e" = 1.11

[95% CI, 0.81 to 1.55].

A comparison of the pairs of lines in Figure 10
shows how model [2] has considerably reduced
the width of the CIs for effects that are study
specific and ignore study type. This is because
model [2] allows the randomised evidence to
contribute to the treatment effect in the routine
evidence, and vice versa.”’

One advantage of a Bayesian approach is that
practitioners are able to incorporate their own
beliefs by means of the prior distributions of
the unknown parameters. It might be argued,
for example, that the variability between RCTs
will be less than the variability between data
from centres providing routine services because
of the homogeneous way in which RCTs are
performed. Table 15 shows the estimated overall,
randomised and non-randomised treatment
effects (i, 0, and 0,, respectively) that result
from assuming different values for q, the ratio
of 0,% and 0%

RITA
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GABI

1]
®

RCT

Pseudo-
RCT

Overall

CABRI

Toulouse

MASS

Lausanne

ERACI

Randomised
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Edinburgh

Aberdeen

Non-randomised

| . — — T T T T T 1
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0.2 0.6 1.0 |.4 1.8 22 2.6 30 34 38
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FIGURE 10 Estimated odds ratio with 95% Cl of cardiac death or acute Ml at | year obtained from the random-effects model
accounting for study type [2]. Study-specific treatment effect estimates (—); random-effects meta-analysis on each type (—)
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TABLE 15 Posterior estimates of y, 8, and 0,, given different prior beliefs of 0,2 and 0% (95% Cl in round brackets, width of 95%

Cl in square brackets)

Q

H 6,
1.09 (0.77 to 1.56) [0.79]
1.08 (0.77 to 1.52) [0.75]
1.08 (0.77 to 1.52) [0.75]
1.08 (0.77 to 1.53) [0.76]
1.07 (0.77 to 1.51) [0.74]
1.08 (0.77 to 1.52) [0.75]
1.07 (0.76 to 1.50) [0.74]
1.08 (0.77 to 1.52) [0.75]
1.07 (0.77 to 1.50) [0.73]

W 00 N o U1 A W BN

1S

It is evident that changing beliefs about variability
between the RCTs compared with variability be-
tween the centres contributing to the routine data
has not greatly affected the posterior results. This
insensitivity is pleasing because it suggests robust
results: although marginal, the effect of assuming
greater variability between the three centres is that
the overall treatment effect moves towards the
pooled randomised effect.

It might also be argued that randomised studies
have less bias than the routine data — in which
case the random-effects ¢, will be greater than ¢,.
This seems reasonable because the earlier logistic
regression demonstrated selection bias in the
pseudo-RCT population. Table 16 reports the
estimated overall, randomised and non-
randomised treatment effects (u, 0, and 0,
respectively) obtained by assuming different
values for b, the ratio of ¢, and ¢;.

1.06 (0.82 to
1.06 (0.82 to
.05 (0.83 to
1.05 (0.83 to
.05 (0.83 to
1.05 (0.83 to
.05 (0.83 to
1.05 (0.83 to
.05 (0.83 to

62
1.37) [0.55] 1.12 (0.81 to 1.55) [0.74]
1.34) [0.52] 111 (0.79 to 1.55) [0.76]
1.33) [0.50] 1.10 (0.78 to 1.54) [0.76]
1.32) [0.49] 1.10 (0.78 to 1.55) [0.77]
1.32) [0.49] 1.10 (0.78 to 1.55) [0.77]
1.31) [0.48] 1.10 (0.78 to 1.55) [0.77]
1.31) [0.48] 1.10 (0.78 to 1.54) [0.76]
1.31) [0.48] 1.10 (0.78 to 1.55) [0.77]
1.31) [0.48] 1.10 (0.78 to 1.56) [0.78]

Changing the prior beliefs about biasing had an
effect on outcome estimates. Although the point
estimates do not alter greatly, the widths of the
CIs are sensitive to the ratio of ¢, and ¢,. The

CI for the overall treatment effect narrows as
the suggestion that there is less bias amongst the
RCT results increases, thus providing greater
assurance that the point estimate of the relative
risk is correctly estimated. Not surprisingly, the
width of the CI associated with the pooled non-
randomised estimate increases as it is proposed
that more bias is associated with the routine
data centres.

The uses of Bayesian methods

The immediate value of these illustrations is

to provide support for our earlier conclusion
that the results of the pseudo-RCT analysis were
essentially the same as those derived from the
Pocock meta-analysis.” A rather more funda-

TABLE 16 Posterior estimates of y, 6, and 0,, given different prior beliefs of €, and €| (95% Cl in round brackets, width of 95% Cl

in square brackets)

o

H 6,
1.05 (0.66 to 1.59) [0.93]
1.00 (0.69 to 1.52) [0.83]
1.00 (0.72 to 1.49) [0.77]
1.04 (0.72 to 1.48) [0.76]
1.04 (0.73 to 1.47) [0.74]
1.05 (0.74 to 1.49) [0.75]
1.05 (0.74 to 1.48) [0.74]
1.04 (0.74 to 1.46) [0.72]
1.05 (0.75 to 1.46) [0.71]

VW 00 N o 1 A W N

1S

1.09 (0.84 to
1.07 (0.81 to
1.07 (0.80 to
1.06 (0.79 to
106 (0.79 to
1.06 (0.79 to
1.06 (0.78 to
1.06 (0.78 to
1.06 (0.78 to

6,
1.42) [0.58] 1.12 (0.85 to 1.48) [0.63]
1.43) [0.62] .14 (0.84 to 1.56) [0.72]
|.43) [0.63] .15 (0.84 to 1.59) [0.75]
1.43) [0.64] .15 (0.83 to 1.62) [0.79]
|.43) [0.64] 1.16 (0.82 to 1.64) [0.82]
1.45) [0.66] 1.16 (0.83 to 1.66) [0.83]
| .45) [0.67] 1.16 (0.83 to 1.67) [0.84]
1.43) [0.65] .16 (0.82 to 1.68) [0.86]
|.44) [0.66] 1.17 (0.82 to 1.67) [0.85]
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mental value is that they provide a basis for
linking two kinds of information: by design,

that from RCTs is unbiased, but — also because

of their design — may not reflect experience

from the real world. Information from routine
data is more likely to reflect the real world, but is
also likely to be biased — sometimes in unknown
ways. The problem of evaluating the true benefits
of a new technology, therefore, is that of finding
a balance between information from the two
sources. Bayesian approaches involve judgements
about expected outcomes so that their use in

this and similar contexts provides a means of aug-
menting the evidence from RCTs and supporting
(or otherwise) the utility of their findings in the
practice of the real world. A discussion of classical
and Bayesian approaches to meta-analysis can

be found elsewhere.”

Conclusions

Using routine data for the study of
coronary revascularisation

Of the three studies we report, the assessment
of coronary artery vascularisation is the most
satisfactory from the perspective of parallels with
the methods of RCTs. This was mainly because
the data included in the SMR1 records were
fairly close to those employed in the studies
contributing to the Pocock meta-analysis,"
making it possible to make fairly direct com-
parisons between the relative risks estimated
by the two approaches. This result is important
from the standpoint of comparing the results
achieved in the context of specially designed
studies with those observed when these

procedures are more generally adopted. In this
sense, the pseudo-RCT confirms (or supports)
the conclusions of the meta-analysis when it can
be regarded as an ‘audit’ of outcomes from these
interventions at the stage following RCT evidence
of their effectiveness.

This said, however, our earlier comments

about the completeness of routinely assembled
data — and their use as a way of answering
questions in circumstances where RCTs may be
difficult or expensive — are also illustrated by
this study. Again, the problem turns on the lack
of data that might add precision to information
about the complexity or severity of ischaemic
heart disease and thus the diagnostic mix of
different patient subgroups. We note above that
there was evidence of interactions with other
covariates in this analysis and that, as expected,
outcomes for the excluded group of patients
were less favourable than those for patients who
satisfied the RCT criteria. As the applications
of new technologies spread beyond the patient
criteria on which original RCTs are based, it is
desirable to evaluate outcomes in these other
categories of patient. It would, of course, be
possible to undertake further RCTs with these
objectives, but their design might well be complex
and a fairly large number of such studies might
be necessary. There is now an increasing body
of literature on the dangers of extrapolation
from the results of RCTs to wider populations.”
Given the size of the population on which the
pseudo-RCT sample that we report was based,

a more comprehensive approach to the
assembly of routine data has the potential

for alternative approaches.
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Chapter 6

Other possible studies

A number of other case studies were proposed in
the original grant application:

(i) a comparison of laparoscopic with open
surgery for cholecystectomy and for
hernia repair

(ii) a comparison of modes of treatment for
female breast cancer

(ii1) a comparison of outcomes following surgery
for colorectal cancer performed by general
and specialist surgeons.

Our inability to undertake these investigations
illustrates two general features of the inadequacies
of routine data as a complement to RCTs. We
discuss these in greater detail below; in brief they
are, first, the need to ensure that routine data
provide a more precise account of the clinical
characteristics of patients and the objectives of
their care (for example, by including information
about the staging of cancers and the distinction
between curative interventions and palliative care)
and, second, the need to maintain up-to-date
coding systems that properly reflect therapeutic
procedures in a timely way.

These additional case studies were not taken
further, principally because early explorations of
the data demonstrated that their limitations
precluded useful analysis of them. In terms of the
broader purposes of the research, these constraints
are exemplified by the three case studies described
above. More specific reasons for our inability to
pursue them further are listed below.

(i) For the cholecystectomy and hernia studies,
there is no coding within OPCS4 to identify
laparoscopic procedures.

(i) For breast cancer, the choice of management
(especially mastectomy versus local excision)
depends on clinical characteristics (such as the
size of the tumour and nodal status) that are
not recorded. Any analysis of outcomes would
have been seriously confounded by unknown
case mix variables. Unrecorded adjuvant
therapy would also have a major impact on
outcomes.

(ii1) For colorectal cancer, issues of confidentiality
mean that the identity (and specialty) of the
operating surgeon is not included in the data
set provided routinely by the Information and
Statistics Division of the NHS. There are
mechanisms to allow access to this additional
information, which were followed, for example
in the SAH case study in order to allow
comparisons between the SMRI1 with the
operating theatre log of one neurosurgical
centre. Acquiring these data for the very large
number of cases involved would have been a
substantial task. As with the breast cancer
example, necessary case mix variables such as
Dukes’ grade and operative intent (curative
versus palliative) did not form part of the data
available to us. Colorectal cancer specialists
are likely to treat a high proportion of patients
with advanced disease and so our inability to
perform appropriate case mix adjustment
would have seriously compromised the
treatment comparisons we might have made.
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Chapter 7

Conclusions

The uses of routine data

In the introduction of this report, the argument
was put forward that routinely assembled NHS
data might have value as a complement or
alternative to RCTs in certain circumstances.

It was, also, suggested that these data might

have potential value for determining whether

the benefits expected from the evidence provided
by RCTs were achieved when new technologies or
procedures were adopted in the wider framework
of clinical practice. The three studies described
were chosen as a way of exploring different
aspects of these propositions while also testing
the utility of presently available routine data for
these purposes. The use of the Scottish linked
SMRI1 data set had value in this context because
these data have two important advantages: first,
that they relate to all hospital admissions over

a long period with the benefit that (at least for
hospital admissions) they describe complete
populations of cases and can thus possibly clarify
issues relating to case selection or sampling.
Second, by linking episodes of care to each other
and to deaths, it is possible to gain information
about prior medical histories and subsequent
outcomes. Although the content of individual
SMRI records is broadly similar to those used
elsewhere in the UK, these added features are
not usually a part of the routine data sets created
in other systems. Both were a necessary part

of the analyses described and are probably

a prerequisite for comparable work of

this kind.

Support for this conclusion is found in all

three illustrative studies. In that concerned with
SAH, the sequence of samples describing the
epidemiology of hospital care and the patterns
of its provision is an illustration of the potential
for locating the care provided in specialised
centres and thus a context for more focused
(RCT) studies of particular interventions. The
initial objective in this example — that of devising
an alternative in circumstances where a formal
RCT was not feasible — failed for two main reasons:
first, the lack of necessary detail in the data and,
second, our quite serious reservations about the
quality of the data. On the other hand, the
potential (we stress the word) was considerable;

it was possible to assemble information about
a large series of cases of a fairly uncommon
condition and — had the data permitted — to
undertake multicentre comparisons of the
uptake of a new technique and its outcomes.
We return to questions about the scope and
quality of routine data later in this discussion;
it is important, however, that questions about
the potential of routine data should not be
dismissed because of the inadequacies of
present circumstances.

Problems with the scope and content of the data
were also evident in the study of prostatectomy
although — even with these limitations — this
analysis illustrated other ways in which routine
data can complement information from RCTs.
The RCT results favouring TURP rather than
OPEN are now fairly old — TURP has become
the procedure of choice and new RCTs comparing
the two procedures (perhaps for selected groups
of patients) are unlikely for this reason. The
uses of routine data in these contexts rest
mainly on a further need to take account of
co-morbidities or other case mix variables and
to employ reasonably long timeframes when
evaluating outcomes. Both are difficult in most
RCT designs, partly because of the size of the
populations that would be necessary and partly
due to the need to assess outcomes over quite
long periods. These activities are not a substitute
for RCTs; instead, they provide a possible means
of refining or improving conclusions reached

by RCTs and answering the question of whether
the benefits they conclude apply to a broader
range of patients. The prostatectomy study also
highlights a further deficiency of present routine
data, which is that the interventions they report
are almost always surgical; data of this kind
rarely report drug regimes. However, the
general category of applications sketched

above is likely equally pertinent for the
evaluation of long-term drug therapies.

The content of the data is particularly important
when considering the issues surrounding risk
adjustment or severity adjustment. Each of the
case studies relied on the use of patient character-
istics as a means of adjusting for differences
between hospitals in terms of their case mix,
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but such adjustments are obviously restricted

to such information as is recorded in the data.
A substantial body of literature exists on the use
of routine data to adjust for differences between
patients both generally’' ™ and with specific
reference to CABG.”""

We were fortunate in the study of coronary
revascularisation, partly because the Pocock
meta-analysis" provided a more direct basis for
comparing results from two sources and partly
because the routine data were sufficiently
complete to devise a pseudo-RCT that permitted
this comparison. In our view, this is an important
illustration because it suggests that a future use
of (augmented) routine data could be at this
second stage of RCT methodology rather than

as a substitute for initial RCTs. This is not to
argue against meta-analysis as a means of pooling
data from a number of single RCTs; instead, it

is to repeat the suggestion that routine data can
have value for estimating benefits from the more
general application of RCT findings. In practical
terms — and as the analysis in this study indicates —
the two activities are fairly close together. Our
account of the Bayesian synthesis of evidence
from both approaches is an example of this
possible complementarity and of how further
methodological exploration along these lines
might have value.

The link between RCTs as an investigative
method and the movement towards evidence-
based medical practice rests on the argument
that evidence from RCTs should inform clinical
judgements about appropriate interventions in
the care of individual patients. Extensions of
this argument suggest that such evidence is also
relevant to larger-scale assessments — specifically,
in the audit of clinical practice and the wider
question of whether new technologies achieve
expected benefits for the health of populations.
These latter issues are important for both con-
temporary policy and practice because they
underpin the present need to achieve account-
ability and yet it is difficult to see how they can
be satisfied except through the development
of routine data systems that permit a closer
rapprochement with the methodological
standards of RCT practice. The case studies
reported provide imperfect examples of how
this potential might be addressed while
illustrating the shortcomings of present

data systems for these purposes.

There are a number of ways of characterising
these deficiencies. One is simply that, historically,

routine data have been assembled for largely
administrative purposes and have been employed
at fairly high levels of abstraction to monitor
broad trends in hospital activity. This being

so, there has, perhaps, been little incentive to
maintain them in ways that might encourage

or facilitate applications that require greater
precision or improved insights into the content
of clinical care.” In terms of their uses for (say)
the evaluation of clinical outcomes, this leads to
the further problem that the collection of data
generally lacks specific purposes: a ‘generic’
data set is assembled and is then employed
(within its limits) for post hoc purposes that
may be devised.” This is a conservative approach
that limits opportunities for expanding and
developing the uses that might be made of

the data for either clinical or administrative
purposes. Given the growing need to describe
NHS activities in terms of outcomes and
benefits, this is an important shortfall of

data collection systems.*

There are two possible explanations for the
present generic forms of data collection. One
is that it is difficult to manage the collection
and validation of data when many hospitals are
involved. This argument reflects perceptions of
the possible uses of the data — “fit for function’
is a phrase that has been used in this context —
and raises doubts about relationships between
the management of hospitals and the content
and quality of the services they provide. The
discrepancies encountered in the case study of
SAH illustrate this distinction and emphasise the
possible need to strengthen the link between
providers of care and those who generate and
use routine records. It will be evident that
feedback to clinicians is a central feature

of this requirement for quality control.

An anonymous referee commented on the
choice of the Institute of Neurological Sciences
in Glasgow as the centre in which to study the
validity of the SMR1 data, stating that the data
quality within this unit was known to be poorer
than for other specialties in the same hospital
(referencing a personal communication from

the Information and Statistics Division of the
NHS). The centre was chosen because of existing
collaborative links and two interesting features of
routine data are raised with respect to the claim
that the quality of neurosurgical data from this
unit is worse than from other such units. The
first is the point made in the previous paragraph
concerning feedback to clinicians; if they are not
aware that their data are deemed to be of poor



Health Technology Assessment 2000; Vol. 4: No. 22

quality then there is little that they can do to
improve it. Second, any national system of routine
data can only be as strong as its weakest link; in
this particular case, the unit in question provides
neurological services to approximately half

the country.

The second possible reason for maintaining
generic forms of data collection is that diagnostic
and therapeutic variation and complexity may be
too great to permit the inclusion of more clinical
data in the records. This is an important argument
from the standpoint of national data systems but
also problematic when considered in terms of
trying to ensure that evidence — including that
from RCTs —is translated into practice and
patient benefit. Some improvements could be
fairly simple, including expanding and updating
coding systems so that they provide a more up-to-
date account of new procedures and treatments.
The adoption of ICD-10 codes is likely to make
diagnostic codes more sensitive when fully
employed, but there are parallel arguments

for continuing revisions of the OPCS procedural
codes to ensure that both new therapies and

new combinations of therapies are adequately
described. Feedback to clinicians, including
publication of audits of the data’s quality, is

one way of monitoring the extent to which

the data reflect current practices.

One way of circumventing the limitations of
generic data sets is to initiate high-quality clinical
databases.” Another way of overcoming their
limitations might be to develop a two-level
approach in which basic data continue to be
collected as at present but are complemented
by more focused investigations of topics of
current interest in ways that have analogies

with multicentre clinical trials. Essentially, this
approach would involve agreement between
clinicians about the additional data to be
collected for particular diagnostic categories or
therapies, which could occur for an appropriate
period across the whole system and as a way of
answering predetermined questions. There are
certainly arguments for more extensive inform-
ation in the study of coronary artery revascular-
isation, particularly with regard to covariates not
included in the available data. The collection of
agreed additional data is even more strongly
suggested by our inability to undertake the
studies of patient outcomes for breast and bowel
cancers because the data were insufficient for
these purposes. A more focused approach
might also mean that therapies that are not
now included in the data (such as most drugs)

could also be evaluated. The case studies
undertaken were restricted to OPCS definitions
of procedures and thus necessarily surgical.

This proposal for a ‘rolling programme’

of studies selected for their contemporary
significance appears to have a number of
different merits. It might provide better

answers to questions about the relationship
between RCTs and routine data with which

this study began: expanding the content of
routinely collected data targeted towards
answering particular questions could bring
RCT methods (and their advantages) closer

to evaluations of wider hospital practice and
provide an insight into the ways in which new
technologies are adopted. In essence, this could
help in the monitoring of the implementation
of evidence, or in answering questions for which
more usual RCT methods are inappropriate.
More generally, however, this approach might
offer ways of engaging clinicians in the larger
process of routine data assembly, with advantages
for their quality and subsequent use in such
activities as clinical governance. As methods of
outcome assessment evolve it is important to
ensure that the data on which they depend are
also developed in ways that permit more secure
uses of outcome measures. One part of this
requirement is the need to link the increasing
sophistication of the statistical methods used

in these activities and the scope of the data
they employ.

In summary, the main conclusions are as follows.

¢ Routine data have potential applications for
either complementing or supplementing RCTs
as a source of evidence in the assessment of new
healthcare technologies; information from
routine data could improve both the design of
RCTs and the interpretation of their findings.

® There are great limitations in using routine data
for these purposes, partly due to deficiencies in
their content and partly because of the quality
of the information they report. These two issues
are linked in terms of the purposes for which
the data are collected — short of formal RCT
practice, there are strong arguments for a closer
rapprochement between the administrative uses
of routine data and their use as a way of
providing an account of patient care and its
outcomes; doing so is important for evaluating
the applications of evidence from RCTs.

* Improved accounts of the content and
implications of patient care are desirable even
for administrative purposes. Developments in
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Conclusions

information technology mean that it is
increasingly possible to assemble data for
both longer-term (administrative) and shorter-
term (clinical) purposes, and attention should,
perhaps, be given to the reform of data systems
that can serve both purposes, therefore,
enhancing the contextual interpretation
of each.

® One problem with RCTs is extrapolation
of their findings to larger (or less precisely
defined) populations; a difficulty with routine
data is that of achieving sufficiently well-
defined populations for comparisons of
outcomes. Part of the complementarity of
the two is the potential for resolving such issues
(for example, the relevance of co-morbidities).
Similarly, routine data could expand the
scope of RCT practice by enabling multicentre
studies, either as RCTs or as analogies of
them. As demonstrated in the illustration of
Bayesian methods, there is a need to develop
the applications of appropriate statistical
techniques with regard to these alternative
ways of evaluating the outcomes of
healthcare interventions.

The purposes of evaluative research are to
determine whether or how interventions and
medical technologies are of benefit to patients.
Although regarded as a ‘gold standard’ for some
kinds of evidence, RCTs may fall short of a
comprehensive answer to such questions either
because of possible limitations in their design
(which includes restrictions on the scope of the
questions they are able to ask) or because there
is the subsequent question of extrapolating their
findings to the more general world of clinical
practice. In the past, routine data systems were
devised to answer different kinds of questions —
mainly those to do with the deployment of health
service resources. Contemporary preoccupations,
both clinical and administrative, are bringing
these worlds closer together with benefit to the
patient as their common objective. The need

to bring them together — to the advantage of
both - is the principal reason for improving

the utility of routine NHS data for

clinical purposes.

Implications for policy

¢ There has been a shift in the purposes for which
routinely assembled NHS data might be used
towards their applications for clinical audit and
governance, for assessments of the outcomes of
care, and the extent to which clinical evidence is

deployed in practice. Routine data systems do
not appear to have kept pace with these
developments, and it, therefore, may be
necessary to examine the processes of data
collection, specifically with regard to the quality
and content of the data, the extent to which
coding systems reflect actual practice, and the
investment in local arrangements for doing so.
This might be done by publishing audits of
the quality and validity of the data, with follow-
up of identified deficiencies and the reasons
for them. Doing so may go some of the way
towards dispelling (or confirming) present
perceptions that data of this kind have only
limited use for local clinical evaluations
of clinical practice.

* We have commented on the apparent
distance between the uses that are made
of the data (usually by central agencies)
and feedback of the findings of these appli-
cations to those responsible for collecting
the data on which they are based. If the
quality and validity of the data are to be
improved, there are strong arguments for
improving this relationship and encouraging
local uses of the data. This view has impli-
cations for local support of information
departments (including a clearer definition
of responsibility for the data) together with
a central response in terms of returning
data quickly in ways that — for example —
make it possible to compare clinical services
in one setting with those of another. More-
over, there is a need to ensure that quality
improvement of routine data systems is
implemented as a result of quality control.

¢ We have argued that one way forward in
making more effective use of routine data
might be to explore ways of expanding their
content to facilitate a closer relationship
between RCT evidence (and the methods
that RCTs employ) and the uses that can
be made of routine data. Central support
for the development of these activities may
improve the uses of routine data for studies
of outcomes and, more generally, may
encourage good practice in the analysis of
the data and its interpretation. Common
ownership of the data and its uses could
also be encouraged.

Further research

This report describes three case studies that
explore the application of routine data as
alternatives to formal RCT designs. Our broad
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conclusion is that such data can be valuable
for such uses but are limited in four
important ways:

(i) the scope and content of the data may not
include the information needed for the
assessment of clinical practice

(i) uncertainties about the quality of the data may
lead to questions about the validity of findings
from studies that employ them

(i) their responsiveness to changes in practice as
illustrated by delays in adaptation of their
coding systems

(iv) their inability to distinguish different purposes
for hospital care — for example, that between
curative and palliative care.

In each of these ways, studies based on routine
data fall short of the rigour that one expects in
RCT designs when comparability between the
different arms of a trial is fundamental to the
assessments that are made.

On the other hand, routine data can have
substantial advantages. The very large size of

the data sets means that it is at least potentially
possible to take better account of covariate inter-
actions. Their continuity can provide a longer
timescale for assessment than is often possible
with RCT designs, and the fact that they can
describe practice in a wide variety of different
settings means that studies employing them can
reflect the diversity of everyday clinical practice
in more realistic ways than the constraints implicit
in most RCTs. In addition, we have noted that
there are also other ways in which routine data

can be employed to address questions that —
for various reasons — are not susceptible to
RCT investigations.

One of the suggestions in this discussion

has been the possible need for a closer
rapprochement between evidence about the
effectiveness of a technology derived from RCTs
and a demonstration that the expected benefits
are achieved in practice. The potential for investi-
gating this link between issues is illustrated by

the case study of coronary revascularisation. The
broad research question emerging from the case
studies, therefore, concerns this link and the ways
in which it might be promoted. Overcoming our
criticisms of the present system of routine data
collection suggests one area in which change
might be necessary, and there is scope for specific
research projects in this area: the feasibility and
implications of a more public audit of the system
and appropriate ways of feeding information back
to those who provide is one example. Although
only sketched briefly above, expanding records
for particular purposes along the lines of multi-
centre trials is likely worthy of more detailed
consideration and has the potential for
demonstration projects that might identify

the strengths and weaknesses of the proposal.
Finally, the question of technical (‘good practice’)
support for uses of the data in areas such as
clinical governance requires exploration — again,
perhaps, in the form of demonstration projects
that can explore the needs of local users and
feedback to the data system itself as a way of
improving its ability to respond to changing
patterns of practice.
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