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Abstract
Objectives-To determine the accuracy of diag-

noses of schizophrenia and non-affective psychosis
entered by general practitioners on a computer
system. To compare recording of clinical events on
computer with written records.
Design-Examination of case notes of all patients

with a computer diagnosis of psychosis. Search of
8000 randomly selected patient records to identify
patients with psychosis not recorded on computer
and comparison of 141 computer and written entries
for prescribing and consultation in each practice.
Settingm13 London practices on the VAMP

research bank.
Main outcome measures-Accuracy of record

of psychosis compared with ICD 9, American
Psychiatric Association diagnostic manual, and
syndrome checklist criteria.
Results-Computer search revealed 102 patients

with schizophrenia, 78 with other psychoses, and 71
with non-affective psychosis who had adequate case
notes. The sensitivity and positive predictive value
of the computer diagnosis of schizophrenia were
88% (95% confidence interval 62% to 98%) and 71%
(48% to 88%). For all non-organic psychoses sensi-
tivity was 91% (74% to 97%) and positive predictive
value was 91% (74% to 98%). On average 95% of all
known prescriptions and 74% of all consultations
were recorded on computer compared with 42% and
75% in written records.
Conclusions-Recording of psychotic illness on

the VAMP computer is accurate and complete.
Prescribing was more fully recorded on the computer
than on the written records. Computer databases of
well motivated general practitioners could be used
for research.

Introduction
The proportion of general practices with computer-

ised records in the United Kingdom has increased from
a quarter in 19891 to about two thirds in 199 1.2 About a
third of general practices use the VAMP computer
systems, which were offered to general practitioners
without charge between 1987 and 1991 provided they

entered data according to specified guidelines.3 The
information to be recorded included demographic
information, medical diagnoses, all prescriptions
issued, and an indication for any newly prescribed
drug. After the general practitioners had received
instruction over 10-12 months the quality of the
information recorded on the computer was examined.
Until March 1991 practices were able to retain their
computers at no cost if their data were at least 90%
complete and accurate.4

After a practice has been recruited on to the VAMP
research bank, the accuracy of the recorded informa-
tion is monitored regularly by the company. Recent
estimates suggest that data recorded by one in three
VAMP practices are of research standard.' Since
March 1991 computers have not been available at no
cost, although practices are offered a share in the
company profits. A few practices, however, provide
data without any financial benefits. Practices using the
VAMP system are representative of those nationwide
with respect to practice profile and age and sex
distribution of patients and general practitioners.6
Pattems ofmorbidity are also broadly representative.67
Although the potential of computerised information

systems in large epidemiological studies has been
recognised,8 doubts have been raised about the quality
of data entered.9 A study comparing clinical diagnoses
written in letters received from hospital consultants
with diagnoses entered on computer suggested that the
information was satisfactory for most clinical studies,4
but the diagnoses recorded by the general practitioners
were not independently verified.
We conducted a study to determine the accuracy

(sensitivity, specificity, and predictive value) of diag-
noses for schizophrenia and non-affective psychosis
entered by the general practitioners on the VAMP
computers and to compare the level of recording of
clinical events on the computer with the written
records.

Methods
All London practices on the VAMP research bank

who had 90% accurate and complete records between
1 April 1990 and 30 September 1990 were invited to
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participate. Clinical diagnoses and events are recorded
by the Oxmis (Oxford Medical Information Systems)
coding system.'0 These codes were developed for the
computerisation of presenting problems, symptoms,
and diagnoses in general practice. There are about
28000 possible entries and all can be readily cross
referenced to the Intemational Classification of
Disease." We searched the computer for all patients
with a non-organic psychosis in the following groups:
schizophrenia (Oxmis codes cross referenced to ICD 9
code 295.0-295.9); other psychoses-namely, para-
noid states and psychoses not otherwise specified (ICD
9 codes 297.0-297.9 and 298.0-298.9); and affective
psychosis (ICD 9 codes 296.0-296.9).

VERIFICATION OF COMPUTER DIAGNOSES

The case notes of a random one in two sample of
patients with schizophrenia (because of large numbers)
and all patients with other psychoses and affective
psychosis were examined. The information was used to
make a lifetime diagnosis based on criteria for mental
disorders contained in: the ninth edition of the Inter-
national Classification of Diseases,'2 the Diagnostic and
Statistical Manual of the American Psychiatric Associa-
tion, third edition revised,'3 and the syndrome checklist
(derived from the present state examination), which
enables recording of important symptoms from case
notes to make a retrospective assessment or diagnosis.'4

Information was collected in a standardised manner
by IN and SM, after which a consensus rating was
made for each patient by three of us (IN, MK, and
SM), MK remaining blind to the computer category of
each patient. Patients were assigned a final diagnosis by
using strict criteria (patients positive on ICD 9,
the diagnostic and statistical manual, and the syndrome
checklist) and broad criteria (patients positive on one
or more of the above criteria).

IDENTIFICATION OF PATIENTS NOT ENTERED ON

COMPUTER

We assessed the case notes of all patients prescribed
drugs normally used to treat psychosis who were not
identified as having schizophrenia, other psychoses, or
affective psychosis. We also examined a selection of
8000 case notes of patients aged 16 years and over to
identify all patients with psychosis who had not been
entered on the computer. This sample size was calcu-
lated in order to detect, with a 95% probability, a miss
rate of 0 5 patients per 1000 for an estimated preva-
lence of schizophrenia of 2 5 per 1000. The search was
undertaken by a single trained observer (LR). The
records of all patients who seemed to have had a psy-
chosis or who had been prescribed anti-psychotic drugs
were examined in detail to determine the diagnosis.

TABLE I-Comparison of diagnosis of psychosis recorded on computer with diagnosis determined by
independent assessment ofcase notes

Diagnosis on computer

Schizophrenia Other non-affective Affective psychosis
(n= 102) psychosis (n=78) (n=71)

95% 95% 95%
No (%) of Confidence No (%) of Confidence No (%) of Confidence

Diagnosis from case notes patients interval (%) patients interval (%) patients interval (0 o)

Schizophrenia (ICD 9 295):
Strict criteria* 65 (64) 54 to 73 24 (31) 21 to 42 2 (3) 1 to 11
Broad criteriat 91 (89) 81 to 94 36 (46) 36 to 58 14 (20) 12 to 31

Affective psychosis (ICD 9 296):
Strict criteria* 2 (2) 0-3 to 7 8 (10) 5 to 20 41 (58) 46 to 69
Broad criteriat 6 (6) 2 to 13 20 (26) 17 to 37 57 (80) 69 to 88

Non-affective psychosis (ICD 9 295, 297, 298):
Strict criteria* 87 (85) 76 to 91 49 (63) 52 to 73 5 (7) 3 to 16
Broad criteriat 98 (96) 90 to 98 65 (83) 73 to 91 17 (24) 15 to 36

All non-organic psychosis (ICD 9 295-298)
Strictcriteria* 93(91) 84to96 77(98) 92to 100 61(86) 75to93
Broad criteriat 101 (99) 94 to 100 77 (98) 92 to 100 61 (86) 75to93

*Meets criteria ofICD 9, Diagnostic and Statistical Manual ofPsychiatric Disorders-III, and syndrome checklist.
tMeets one or more ofabove criteria.

ACCURACY OF THE COMPUTER RECORD

The sensitivity of computer records for each diag-
nostic class was calculated by dividing the total number
of patients correctly classified on the computer by the
total number of patients given that diagnosis in the
8000 records searched. Specificity was calculated by
dividing all patients correctly classified as not having
the diagnosis by the total number of patients without
that diagnosis in the 8000 records. Sensitivity and
specificity were calculated for the strict and broad
diagnostic criteria. These measures were used as we
were judging the accuracy of the computer diagnosis
against the standards applied by the research team.
Measures of agreement such as K do not distinguish
between false positive and false negative errors.

Patients with a diagnosis of schizophrenia were
matched for age (in five year bands) and sex in each
practice with two types of control patients as part of a
more detailed study on psychosis that will be reported
later. The first control was randomly selected from
a pool of patients with chronic physical disease
(epilepsy, diabetes, rheumatoid arthritis, and multiple
sclerosis) and the second was randomly selected from
the computer register. We examined a one in four
sample of these records to look for systematic bias in
recording of psychiatric patients. The number of
computer entries made daily under presenting com-
plaints (history display) and drugs received (treatment
display), starting from the date the practice computers
were accepted as being of "research standard," were
compared with the written records. The number of
entries made only on the computer or only on the
written records was calculated by subtracting those
entries common to both the computer and the written
record from the total number of entries made on each
of the systems. Thus, the mean proportion of total
entries made only on computer or the written notes and
the entries common to both were calculated.

Results
Sixteen general practices in London reached VAMP

research standards during the study period and 13,
comprising 28 general practitioners and 72 000
patients, agreed to take part. Two single handed
practices and one practice with two partners refused.
A computer search identified 212 patients with

schizophrenia, 88 with other psychosis, and 78 with
affective psychosis. Four patients with schizophrenia,
10 with other psychosis, and seven with affective
psychosis were excluded from the analysis because of
incomplete information. Table I shows the accuracy of
recording for the remaining patients. The diagnoses
entered on the computer by the general practitioner
were based on information contained in the practice
notes, which often included letters from mental health
specialists, and misclassifications were more often
due to diagnostic uncertainties than to incorrect
computer entries. Only three of the 251 cases of
psychoses were in patients who had not had contact
at some time with the mental health services and in
all three cases the general practitioner's diagnosis
was incorrect.
One hundred and ninety four patients were treated

with antipsychotic drugs and not identified on the
computer. Assessment of case notes showed that 18
had a psychotic disorder, of whom three had schizo-
phrenia, nine affective psychosis and five an atypical
psychosis. In one case the information in the case notes
was inadequate for making a diagnosis.

ACCURACY OF COMPUTER DIAGNOSES

The search of the 8000 case records identified 50
patients with a probable psychosis. Thirty seven
patients had already been identified by the computer
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TABLE II-Sensitivity and positive predictive value of diagnostic
categorisation on computer according to strict and broad diagnostic
criteria. Numbers in parentheses are 95% confidence intervals

Sensitivity Positive predicitive
Computer diagnosis (/) value (%)

Schizophrenia (ICD 9 code 295):
Strict criteria* 88 (62 to 98) 71 (48 to 88)
Broad criteriat 71 (49 to 87) 81 (57 to 94)

Non-affective psychosis (ICD 9 295, 297, 298)
Strict criteria* 93 (74 to 99) 81 (62 to 92)
Broad criteriat 91 (74 to 98) 93 (71 to 99)

Non-organic psychosis (ICD 9 295-298)
Strict criteria* 91 (74 to 98) 91 (74 to 98)
Broad criteriat 89 (74 to 97) 100 (87 to 100)

*Meets criteria of ICD 9, Diagnostic and Statistical Manual of Psychiatric
Disorders-III, and the syndrome checklist.
tMeets one or more ofabove criteria.

search: 25 with schizophrenia, 10 with other psycho-
ses, and two with non-affective psychoses.

Thirteen patients with a possible psychosis (from
eight practices) had not been entered on the computer.
Eight patients had not attended the practice in the
previous four years and were probably not current
patients of the general practitioners. We were unable to
assign these patients to a diagnostic category because of
inadequate information in the practice records and
they were excluded from the final calculations. Assess-
ment of the remaining five patients, by the strict
criteria showed that two had an affective psychosis, one
a drug related psychosis, and one an atypical psychosis.
The last patient had a probable diagnosis of schizo-
phrenia when the broad criteria were used.

Table II shows the sensitivity, specificity, predictive
value for each diagnostic category with the strict and
broad criteria. The specificity and negative predictive
values for all categories were at least 99.9%. These
measures could not be calculated accurately for
affective psychosis because of small numbers.
Two of the 13 participating practices had to be

excluded from this analysis as the doctors recorded all
their clinical information only on computers. In each of
the remaining 11 practices, 141 computerised and
written records were assessed. The mean proportions
of consultations and prescriptions recorded only in
written notes were 27% and 5% respectively while
those recorded only on the computer were 25% and
58% respectively. About half (49%) the consultation
entries and a third (37%) of the prescribing entries
were recorded on the computer and in written notes.

Discussion
Our results show that classification of psychotic

illness entered on the VAMP research bank is accurate.
The rate of misclassification was low and few cases
were not entered on the computer by the general
practitioner. The sensitivity, specificity, and predic-
tive value of the computer categories for schizophrenia,
non-affective psychosis, and all non-organic psychoses
were high. These parameters were a measure not only

Practice implications

* At least two thirds of general practice records in the United Kingdom are
computerised
* Information on a proportion ofVAMP computer systems are recorded in a
standardised fashion by motivated general practitioners
* Accuracy (sen§itivity) of the diagnosis of psychosis recorded on those
VAMP systems up to research standards was 88-91%
* Entries relating to prescriptions issued and practice consultations were
more complete on computerised records than in written notes
* Computerised systems are a useful resource in the delivery of primary
health care and for research

of the general practitioners' ability to key in a given
diagnosis but of the ability of the doctors to decide on a
diagnosis after taking into account all letters and
records in the patients' notes.
The accuracy of psychiatric case registers is lower

than that of these computerised records. Sensitivity for
diagnosis of schizophrenia on the Camberwell case
register may be as low as 50% by strict criteria.'5 This
has important implications for the use of databases for
epidemiological and health services research and
clinical trials. With 4-3 million patients on the VAMP
research bank throughout England and Wales, a large
potential exists for research. For example, aetiological
factors in schizophrenia could be examined on a large
scale with a.readily selected control population.'5
The completeness of record keeping on computer

was high. On average, 95% of all known items issued
on prescription were recorded on the computer. This
may reflect the requirements of VAMP regarding
accuracy of prescribing records. Although consulta-
tions by patients were recorded less consistently on the
computer, two of the practices had moved to computer
only records. The medicolegal implications of paper-
less records remain uncertain.
Although we applied the diagnostic criteria care-

fully, we were limited to a retrospective analysis of case
notes. General practice records are, however, a rich
source of data, containing the written opinions of
specialists, family doctors, and allied professionals
over many years. Such longitudinal diagnosis could be
considered more accurate than one cross sectional
clinical assessment of a patient, which is the method
often used in epidemiological studies.

In conclusion, our results show that recording
psychotic illness on the VAMP research bank is
accurate and compares favourably with data on psychi-
atric registers. Prescribing was better recorded on the
computer than on the written records. Thus well
supported and highly motivated general practitioners'
computer databases could be used for epidemiological
and health service research and clinical trials.

This study was funded by the Sir Jules Thorn Charitable
Trust. We thank Dr Gillian Hall, the VAMP Research Unit,
and the doctors, staff, and patients of the participating
practices. We also thank Sharon See Tai and Bob Blizard for
statistical advice.
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