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Abstract
Objective-A baseline audit of radiology referral

practice before the introduction of a strategy for
change involving guidelines of good practice, moni-
toning, and peer review.
Design-Prospective data coliection over a con-

tinuous 12 months period at each centre sometime
between January 1987 and December 1989.
Setting-Five district general hospitals and one

district health authority.
Subjects-159 421 inpatient discharges, deaths,

and day cases and 861370 outpatient attendances
under the care of 722 consultants from 25 clinical
specialties.
Main outcome measures-Monitoring of x ray

examination referrals per 100 inpatient discharges,
deaths, and day cases and per 100 new outpatient
attenders after establishment of a computerised
data collection system.
Results-Referral rates for all x ray examinations

varied between firms in the same specialty or sub-
specialty by as much as eightfold for inpatients and
13-fold for outpatients, and for chest x ray
examination by as much as ninefold for inpatients
and 25-fold for outpatients. There was no consistent
relation between high referral and teaching status of
the centre or specialty or subspecialty.
Conclusions-The variation that persisted at all

levels of disaggregation of the data supports a recent
suggestion that at least a fifth of x ray examinations
carried out in Britain may be clinically unhelpful. An
intervention study that examines the effect of guide-
lines of good practice and attendant peer review
procedures on the baseline referral levels described
above is needed to test this hypothesis further.

Introduction
In 1988 a joint working party was established

between the Royal College of Radiologists and the
National Radiological Protection Board to consider
what measures could be taken to reduce dosage to
patients in diagnostic radiology. The working party
reviewed the existing evidence and estimated that "it
would not be unreasonable to suggest that at least 20%
of x ray examinations currently carried out in the UK
are clinically unhelpful in the sense that the probability
ofobtaining information useful for patient management
is extremely low."' It recommended that there should
be a valid clinical indication for all x ray examinations
and endorsed the guidelines on referral criteria in the
new Royal College of Radiologists booklet Making the
Best use of a Department ofRadiology' with the recom-
mendation that the booklet should be distributed as
rapidly as possible to all referring clinicians. Optimisa-
tion of medical exposures by improvements both in
the conduct of radiological procedures and the specifi-
cation of x ray equipment, together with improved

quality assurance procedures and regulatory controls,
were also recommended.

In January 1987 the Royal College of Radiologists
working party on the more effective use of diag-
nostic radiology3 embarked on a multicentre study to
evaluate the implementation of the college's guidelines
and the monitoring and peer review of x ray referral
practice in six centres in England and Wales. The
study was carried out in two parts. The first, which is
the subject ofthe present paper, was an audit of referral
practice in each centre during the 12 months preceding
the introduction of the college's guidelines and attend-
ant review procedures. Data were collected on the
referral practice of centres, specialties, and firms in the
same specialty. The findings are used to examine the
likely validity of the joint working party's suggestion
that at least a fifth of x ray examinations carried out in
the United Kingdom may be clinically unhelpful and
to estimate the consequences of present practice in
terms of financial costs and radiation exposure. The
second part of the study, which will be the subject of a
separate paper, is an audit of changes in referral
practice over the 12 months immediately following
the implementation of the intervention described
above.

Method of investigation
Because the audit was intended to reflect national

practice, in selecting the participating centres a balance
had to be struck between the number that might be
desirable to achieve a representative sample and the
number that could be properly controlled from a
central headquarters. Six centres (three teaching and
three non-teaching) were chosen, two in Wales and
four in England. Five of these were hospitals. The
sixth comprised an entire district in which all hospital
consultants and all general practitioners were involved.
At one centre a research headquarters team was set up
staffed by an audit research officer and a secretary
under the supervision of two consultant radiologists
and an epidemiologist. The team was responsible for
the study's design, coordination, and administration
and for the collation and analysis of data from the
participating centres. One consultant radiologist in
each centre was nominated as the local research
coordinator and was responsible for the day to day
running ofthe research programme and the preliminary
public relations work.

It was a condition of enrolment that each centre
would agree to the establishment, for the period of the
study, of a radiology referral review committee that
would endorse, as hospital or district policy, the
introduction of the college guidelines booklet and the
collection and analysis of referral data relating to all
clinical users of the hospitals' radiology departments.
It was chaired by the local coordinator and the major
specialties were always represented. Meetings were
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always attended by one or more of the headquarters
team.
The study required the establishment in each centre

of a computerised data collection system capable
of monitoring x ray examination referrals per 100
inpatient discharges, deaths, and day cases; per 100
outpatient attenders; and per 100 accident and emer-
gency attenders. In the district based centre the system
also had the capacity to monitor individual general
practitioner referrals per 1000 patients on the practice
list.
The basic system comprised the organisational and

technical means to capture and process data for both
radiological workload and hospital workload. The data
presented in this paper consist of numerators for
inpatient and outpatient practice (the number of x ray
examinations requested by examination type and by
each consultant per month) and a denominator, which
is the number of patients completing or entering an
episode of care (inpatient discharges, deaths, or day
cases, or new outpatient attendances) attributed to
each consultant per quarter. New attenders were
chosen as the denominator of outpatient practice to
standardise for variations between centres in the ratio
of new attenders to follow up attenders. From these
data it is possible to derive rates of referral for
diagnostic radiology. The use of rates rather than
absolute numbers is essential as it allows comparison
over time, between hospitals, between specialties, and
between firms in the same specialty.
The radiology referral (numerator) data were usually

held in the x ray department's computer whereas the
hospital workload (denominator) data were usually
held in the computer in the district's information
services department. Before the introduction of the
study it had not been necessary in any of the study
centres for these organisations to interact, and conse-
quently they operated largely independently. Effecting
the necessary organisational change to allow clinicians
access to electronically stored raw data on hospital
workload was a problem. It proved very difficult to get
the district information services to undertake simple
analyses over and above the regular production run

TABLE I -Characteristics ofparticipating centres

Inpatient
discharges,

Clinical No of deaths, and Outpatient
Centre specialties consultants day cases attendances

Teaching:
A 25 220 43 260 219 500
B 18 89 26 266 215 888
C 23 190 33 057 163 398

Non-teaching:
D 12 68 14 480 52 928
E 13 67 15 270 108 653
F 1 1 88 27 088 101003

Total 722 159421 861 370

TABLE II-Inpatient and outpatient referral rates by x ray examination and by teaching status of centre.
Rates are per 100 inpatient discharges, deaths, or day cases or per 100 new outpatient attenders

x Ray examinations Teaching centres Non-teaching centres

Type Source No A B C D E F

Chest Inpatient 75 734 50-1 48-2 72-6 43-4 35-9 20-8
Outpatient 29098 11-0 99 32-2 185 13-6 7-4

Limbs and joints Inpatient 15 482 3-5 10-7 14-6 9-9 19-9 6-8
Outpatient 37 634 10-5 16-5 24-2 24-0 26-5 12-9

Spine Inpatient 4667 3-0 4-0 3-0 2-7 2-6 2-0
Outpatient 11305 5-5 6-2 6-3 7-2 5-8 4-4

Abdomen Inpatient 9940 6-4 4-8 7-9 11-7 6-5 2-2
Outpatient 2 726 1-3 0-5 2-8 3-0 1-0 0-6

Bariuminvestigation Inpatient 3 507 2-2 2-2 3-1 2-9 1-9 0-8
Outpatient 8016 5-9 2-4 4-4 4-1 4-1 2-7

Skull Inpatient 2 268 1-8 1-9 1 1 1-6 1-0 0 9
Outpatient 5 702 3-2 1 5 5-9 3-0 3-1 0-5

Excretion urography Inpatient 1679 1 1 1-2 1 0 1-4 1-3 0-6
Outpatient 3745 2-4 1 0 2-5 3-4 1-7 1.1

for the generation of routine hospital statistics. This
was a particular problem in three of the first four
centres enrolled. In the three others the situation
was improved somewhat by including on the radiology
referral review committee a representative of the unit
general manager and, in one centre, the district
information officer.

Results
Table I shows the essential characteristics of the

study population, which consisted of 159421 inpatient
discharges, deaths, and day cases and 861 370 out-
patient attendances under the care of 722 consultants
from 25 clinical specialties in three teaching and
three non-teaching centres (two in Wales, and one in
each of the Northern, South West Thames, Trent,
and Wessex regions). The data in each centre were
collected over a continuous 12 month period in four
centres, ten months in one centre, and nine months in
another centre sometime between January 1987 and
December 1989. In this paper the audit is confined to
inpatient and outpatient referrals for diagnostic x ray
examinations by hospital firms. The referral practices
of general practitioners and of doctors working in
accident and emergency units will be presented
separately, as well as an audit of the use of diagnostic
ultrasound in the study population.

Table II shows the range of inpatient and outpatient
referral rates for the seven major categories of x ray
examination in the six study centres. With respect to
inpatient referral rates, substantial differences
between centres were observed in limb and joint
examination (sixfold), abdominal examination
(fivefold), barium investigation (fourfold), and chest
examination (threefold). Chest x ray accounted for
some 55% of all inpatient referrals from all centres
combined. Inpatient referral rates for chest x rays were
45% higher in teaching centre C than in teaching
centres A and B, but no consistent relation between
high referral rates and teaching status was found. Only
for chest x ray and spinal examinations were the rates
for all three teaching centres greater than those for non-
teaching hospitals. For examination of the abdomen
and limbs and joints and for excretion urography the
highest rates were in a non- teaching centre.

Table II also shows substantial differences between
centres in outpatient referral rates-for example, for
skull x ray examination (12-fold), abdominal
examination (sixfold), chest x ray examination (four-
fold), excretion urography (threefold), and limbs and
joints examination (threefold). No consistent relation
between high rates and teaching hospital status was
found. The lowest rates for examination of the
abdomen, for examination of the limbs and joints, for
barium investigations, and for excretion urography
were observed in a teaching centre, and the highest
rates for examination of the spine, abdomen, and limbs
and joints and for excretion urography were recorded
in a non-teaching centre.
The extent to which the variations seen in table II

might be explained by differences in the mix of
specialties between centres is examined in table III.
Here, variations in inpatient and outpatient referral
rates are examined between firms in the same specialty
or subspecialty. The criteria for including a firm in the
table were, for inpatient referrals, a minimum work-
load of 100 x ray examination referrals and 250
inpatient discharges (150 in geriatrics) in the year ofthe
study and, for outpatient referrals, a minimum of 100
x ray examination referrals and a minimum of 500
attenders in all or 100 new attenders in the year of the
study.

Substantial variations within specialties in inpatient
referral rates were observed in ear, nose, and throat
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TABLE ill-Inpatient and outpatient x ray, examination referral rates by specialtv or subspecialty and by
teaching status ofcentre. Rates are rejerrals per 100 inpatient discharges, deaths, or day cases or per 100nen
outpatient attenders

Lowsest and highest rates of referral

No of Teachiing Non-teaching
Specialty or subspecialtv Sourcc referrals No of firms cenitres centres

Cardiology(medicine) Inipatient 12 633 11 114 366 . 91 134

Chest (medicine)

Diabetes care and endocrinology (medicine

Gastroenterology (medicine)

General surgery

Urologv

Paediatrics

Geriatrics
Orthopaedics

Ear, nose, and throat medicine

Rheumatology

Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Inpatient
Outpatient
Inpatient
Outpatient
Outpatient

6 579
3671
3983
6 790
2952
6 001
4 110
15 139
10 974
4810
5 281

10 753
5 173
6 642
14 439
32 989
2 672
5 696
11596

12
6
6

12
12
8
8

18
21
7
8

27
21
11
19
24
10
13
13

46-259
65-1)5
79-492
55-152
55-352
47-129
55-214
62-134
29-153
57-74
44-191
21-148
42-419
181-274
144-217
89-352
24-72
21-188
110-517

66-157
82-98
107-201
67-91
44-87
81-130
83- 102
35-90
26- 142
35-99
45-81
26-85
37-328
53- 167
84- 142
75-176
9-26
15-58
42- 148

TABLE Iv-Inpatient and outpatient chest x ray examination referral rates by specialty or subspectalty and by
teaching status of centre. Rates are referrals per 100 discharges, deaths, and day cases or per 100 new
outpatient attenders

Lowest and highest rate

Specialtv or subspecialty

Cardiology (medicine)

Chest (medicine

Diabetes care and endocrinology (medicine)

Gastroenterology (medicine)

General surgery

Urology

Paediatrics

Geriatrics
Orthopaedics

Ear, nose, and throat medicine

Rheumatology

No of
Source referrals

Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Outpatient
Inpatient
Inpatient
Outpatient
Inpatient
Outpatient
Outpatient

6903
5 398
2 662
3 477
4 561
1 373
3 852
1 540
7034
1 407
2 054
621

7 143
1 772
2 921
2603
638

1 294
507

1 166

No of firms

11
12
6
6
12
12
8
8

18
21
7
8

27
21
11
19
24
10
13
13

medicine (eightfold); paediatrics
geriatrics (fivefold); medical cardiology
surgery (fourfold); medical gastroenterolo}
orthopaedics, and diabetes care and eni
(threefold). No consistent relation betwe
patient referral rates and teaching hospita
found. Teaching hospitals had the lowest
rates in chest medicine, diabetes care
crinology, and paediatrics. Large variat
specialties in outpatient referrals were al
ear, nose, and throat medicine (13-fold); rh
(12-fold); paediatrics (11-fold); diabete
endocrinology (eightfold), chest medici
surgery, and cardiology (sixfold); orthopz
fold); and medical gastroenterology ai
(fourfold). No consistent relation betwee
patient rates and teaching centre status
Teaching hospitals had both the lowest and
rates in cardiology, chest medicine, med
enterology, and urology.
The extent to which the variations seen

might be explained by a different mi
examinations used by different firms ii
specialty or subspecialty is examined in tab]
presents variations between firms in in]
outpatient referral rates for chest x ray exa
each of 11 specialties or subspeciall
variations between firms in inpatient c
examination referral rates were found in

(ninefold); ear, nose, and throat medicine and
geriatrics (sixfold); orthopaedics (fivefold); medical
gastroenterology and diabetes care and endocrinology
(fourfold); and cardiology (threefold). No consistent
relation between high inpatient referral rates and
teaching centre status was found. Teaching centres had
the lowest and highest rates in chest medicine, diabetes
care and endocrinology, medical gastroenterology, and
paediatrics. The variation in outpatient referral rates
was particularly high in rheumatology (25-fold) and
paediatrics (23-fold). No consistent relation between
high outpatient referral rates and teaching status was
found. Teaching centres had the highest and the lowest
rates in chest medicine, diabetes care and endo-
crinology, medical gastroenterology, urology, and
paediatrics.
The variation in x ray examination referral rates

shown in tables II-IV persisted in all categories and at
all levels of disaggregation, even down to that of
individual firms from month to month. The
differences could not be explained by a reciprocal
variation between firms in their use of diagnostic
ultrasound.

Discussion

esof referral The work described in this paper was a research
project and as such it had the capacity to sustain a level

Non-teaching ofattention to the monitoring and validation of the datacenitres collection that might not easily be attained in normal
70 99 day to day NHS practice. For a few data sets we were
52-76 not satisfied as to their completeness; these have been
84-174 removed from the analysis and do not appear in this
47-66 ppr24-51 paper.
60-78 Compliance with the lonising Radiation Regulations
29-45 (1988)4 requires organisations responsible for pro-20-43
6-28 viding x ray examination facilities to establish proce-

21-31 dures to ensure that patients receive no more diagnostic
19-61 radiation than is clinically necessary. Their successful
13-76 implementation requires:
2193' (1) Agreement by clinicians about what is deemed1319 eet ciiin
1-8 necessary for particular clinical conditions and circum-
513 stances. To this end many radiologists and other
3-4 clinical specialists have contributed to compiling the

Royal College of Radiologists' booklet containing
guidelines for 12 categories of radiological examination

(sevenfold); covering over 70 important clinical circumstances.2 3
and general (2) Continual surveillance of x ray examination
gy, urology, referral practice. Such a facility would need to relate
docrinology x ray examination exposure to the population exposed.
zen high in- Measurement of radiology workload alone is insuffi-
i status was cient as hospital inpatient and outpatient throughput
and highest varies from month to month and from firm to firm.
and endo- Given the substantial variations between firms seen in

tions within the present study the operational unit for surveillance
[so found in must be the individual consultant and his or her firm.
eumatology (3) Mechanism for identifying any change in
s care and practice that may be required at the level of the
ine, general hospital, specialty, or firm and, where necessary, for
aedics (five- intervening in circumstances of persistent high
nd urology referral.
n high out- Five of the six hospitals in the present study were
was found. unable to implement the second requirement until the
i the highest computerised surveillance system described in the
iical gastro- methods section had been set up by our study team.

Expensive computerised systems to monitor workload
in table III in radiology departments have by now been introduced

ix of x ray into many hospitals in England and Wales, but, as far
n the same as we are aware none has a specification that requires
le IV, which radiology workload to be related to hospital workload.
ipatient and Some do not even include a requirement to express
amination in sdiology workload by referring firm. At present we
ties. Large now ofonly eight hospitals in England and Wales that
chest x ray can meet this second requirement, and this figure
paediatrics includes the six hospitals in the present study. It is to
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be expected that hospitals with relational databases
such as the Huddersfield clinical information systemS
will have the capacity to monitor inpatient referral
rates, but additional work will be required to extend
this to outpatient practice. It must be therefore con-
cluded that at present most hospitals in England
and Wales are neither able to measure, nor to assure,
compliance with the lonising Radiation Regulations
(1988), nor are they able to audit x ray examination
referral practice in any meaningful way. This concern,
which largely derives from the current incapacity of
hospital information systems to relate one clinical
activity to another, almost certainly applies to other
aspects of hospital practice as well.

It has always been assumed that referral rates will be
higher in teaching than in non-teaching hospitals
because teaching hospitals are required to treat
more complicated patients and to teach medical
students. The present study shows no consistent
relation between high referral rates on the one hand
and teaching status or type of specialty or subspecialty
on the other at any level of disaggregation. This
observation suggests that case mix or the need to teach
medical students, or both, are not important factors in
explaining the considerable variations revealed by this
audit of x ray examination referral practice.

There are two broad categories of explanation for the
reported variation. One includes possible factors over
which the requesting doctor would have little control
-for example, tertiary referrals, a relative absence of
other investigative procedures, and variation in the
quality of local general practitioner services. The other
is that much of the variation reflects the personal
preferences of referring doctors, a factor over which
they would have substantial control. Only an experi-
mental approach can distinguish between these. To
this end we introduced, for a further 12 months in each
centre, guidelines of good practice, computerised
monitoring of referral practice, and peer review by a
multidisciplinary group of senior colleagues, and we
studied the effect of this intervention on subsequent
referral practice. An immediate and sustained change
would strongly suggest that the variations reported in
the present paper were the result of factors largely
under the requesting clinician's control. The results of
this study will be presented separately.
When the wide range of referral rates between firms

in the same specialty was pointed out to the medical
staff concerned, it was rarely possible for them to agree
a clinical feature of their workload that might explain
this variation. It was not surprising, however, to find
that clinical staff did not know their prevailing levels of
referral because in most hospitals this information is
not produced. Furthermore, until the multicentre
audit reported in the present paper was carried out
local consultants had no way of knowing how their use
of diagnostic radiological services compared with that
of colleagues in the same discipline in other hospitals.
A local capacity for monitoring and for peer review of
current practice, an ability to compare local practice
with that elsewhere, and a locally owned standard of
good practice are all essential prerequisites to effective
local audit.
The reported variation in referral practice is all the

more important when viewed against the requirements

of the lonising Radiation Regulations (1988) and the
recommendations of the International Commission on
Radiological Protection in respect of dose limitation
that "no practice should be adopted unless its intro-
duction produces a net benefit; all exposures should be
kept as low as reasonably achievable, economic and
social factors being taken into account; and the dose
equivalent to individuals shall not exceed limits recom-
mended for the appropriate circumstances by the
Commission."6 These proposals have come to be
known as the ALARA principle: that dosage be kept
"as low as reasonably achievable." If the lowest, or
even the second lowest, of the ranges within specialty
or subspecialty shown in tables III and IV is taken
as a proxy for clinically necessary referral then the
level of medically unnecessary examinations in most
specialties in England and Wales would seem to be well
in excess of the joint working party's recent estimate of
20%.'
We have estimated the annual financial and radiation

costs in the United Kingdom if a quarter of current
referrals for the x ray examinations listed in the Royal
College of Radiologists' guidelines booklet are medic-
ally unnecessary. Dental examinations and medical
examinations in the private sector are not included in
this calculation. Data on radiation exposure were
obtained from the National Radiological Protection
Board's publication Living with Radiation.' Data on
the recurrent cost of individual x ray examinations for
the financial year 1990-1 were supplied by the unit
accounts department of the Huddersfield Royal
Infirmary. In one year the population may receive
some seven million unnecessary x ray examinations
at a cost of around £60m. The highest numbers of
unnecessary x ray examinations arise from examinations
of the chest and of limbs and joints, and the greatest
financial cost arises from examinations of the chest and
from barium investigations.

It is acknowledged that British radiology practice is
more selective than that of other developed countries.
Medical x rays are used less frequently in the United
Kingdom than elsewhere, with about half the number
of x ray examinations per head of the population than
in the United States or France, for example.' The
findings of the present study are therefore likely to
also have important implications for the practice of
radiology in other developed countries.

We thank all those connected with the study in the
participating centres, particularly clinical and management
colleagues serving on loc'al radiology review referral
committees, and the Department of Health and the King's
Fund for financial support.
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