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whether the vet had symptoms, abnormal physical signs, or a
history of brucellosis, believed he had brucellosis at the time, or
had accidentally inoculated himself with vaccine in the past
because their serological results were not significantly different
from those of vets who could not be placed in such categories,
and this applied to all four serological tests. We had hoped that
an analysis of immunoglobulins by immunofluorescence might
produce more conclusive results, but it proved no more helpful.
The only statistically significant feature to emerge was that
IgM was found less often among the older vets, but this was of
no help to diagnosis by clinical examination. Correlation between
the various tests was best between the results of the A.H.G. test
and those of the C.F.T. (to be reported elsewhere).
We concluded that virtually all vets who work with cattle

develop humoral antibody, which seems to persist throughout
their working life-at least as long as they maintain contact with
infected animals-and if symptoms or abnormal physical signs
are present they seem to be unrelated to the amount of serum
antibody. Two vets (cases 17 and 24) had no antibody by any
test, probably because they had stopped working with cattle
some years earlier.

Thirty-five vets complained of one or more symptoms.
Frequency of symptoms increased with age, but on the whole the
symptoms were mild. Fever and night sweats were complained
of by three vets. Four vets had glandular enlargement; this may
be expected because brucellosis is a disease in which the reticulo-
endothelial system is affected and infection with brucellae would
be likely to cause glandular enlargement. Two had swelling and
pain with some deformity and reduced joint movement bilaterally
in the joints of the hands, and while it is tempting to conclude
that brucellosis was the cause of the condition other causes
cannot be excluded. The fact that the condition was bilateral
suggests that trauma might have played a part. Vets hands are
subjected to much physical stress and injury through handling
animals. X-ray examination in both cases showed no bone disease
and serological tests for rheumatoid factor were negative. Two
vets had a maculopapular rash that had an element of eczema,
which may have been the result of rinsing hands and arms often
in disinfectant solutions.
Many vets admitted to accidental inoculation with S.19 or

45/20 vaccine with a painful swelling appearing within eight

hours of the accident even when the minutest quantity of vaccine
had been scratched or jabbed into the skin's surface. Usually the
reaction passed off in 48 hours, but in the meantime a shivering
attack, headache, or even rise in temperature occurred. These
phenomena suggest an allergic cause, so some of the symptoms
could be explained by postulating a reaction after reinfection
from time to time. This reinfection would act as an antibody
boost and while reinforcing humoral antibody might also cause
symptoms for brief periods.
Comments have been made elsewhere that serum IgA might

be associated with skin changes. In two patients with skin
changes (cases 7 and 46) and three with a rash or joint swelling
(cases 5, 7, and 20) there was no detectable serum IgA or
only traces ; the numbers, however, were very small. Of the 11
vets who reported a cleansing reaction eight had IgA levels of
trlO or more, but of the 35 who did not report a cleansing
reaction 18 had such levels.

It seems reasonable to suppose that what applies to serological
tests in vets should also apply to others who are in constant
contact with brucella-infected cattle-for example, dairy
farmers and slaughtermen, some of whom 9 have also been found
to show humoral antibody and remain asymptomatic. We should
not expect it to apply, however, to members of the public who
may by chance become infected with B. abortus. In the absence
of previous experience of brucella antigen the results of sero-
logical tests would be valuable, and the saline agglutination test
would be as satisfactory a diagnostic weapon as any.

We thank Mr. J. Benjamin for help with the serological tests.
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Summary

A computer-assisted model for diagnosing jaundice has
been adapted for use on the University of London C.D.C.
7600 computer via an on-line terminal at King's College
Hospital to provide a rapid turn-round time. The model
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was used prospectively in the diagnosis of 219 patients-
135 seen in a specialized liver unit and 84 seen in one of
four district hospitals in south-east London-with an
overall accuracy in distinguishing among 11 different
causes of jaundice of 690% and 620/ respectively. These
figures rose to 77%,' and 88% respectively when only those
patients in whom the final diagnosis reached a "certain"
probability were considered. When used to distinguish
between a medical and a surgical cause of jaundice the
accuracy was 86%' in the liver unit and 77% in the district
hospitals, rising to 95%/' in both series for those with a
diagnosis of certain probability. The proposed improve-
ments to the model-namely, the use of two separate
data bases and more diagnoses within the matrix-
should improve the accuracy even further. In practice
the rapid feedback to the clinicians looking after patients
provided help in managing difficult cases.
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Introduction

We have described a computer-assisted model for diagnosing
jaundice based on Bayesian probability theory and its use in
calculating the probabilities of each of 11 possible causes of
jaundice' The model has a data base obtained from 309 patients
with jaundice seen in the liver unit with up to 72 items of
information per patient. Data from a new patient are selected
sequentially by the computer program according to its power to
discriminate between the different diseases using the particular
results in that patient until a final diagnosis is obtained. Many
of the first 65 patients investigated prospectively presented
special diagnostic or management problems, but since then the
model has been extended for use in non-specialist district
hospitals in London. The program has also been adapted for the
C.D.C. 7600 computer at the University of London, to which
there is an on-line terminal at King's College Hospital. A much
faster turn-round time is now possible, with rapid feedback of
the results to the clinicians managing the patient. We describe
here the results obtained from patients in the liver unit together
with an assessment of the model's value in the district hospitals,
where the patient population would be expected to be quite
different.

Methods and Procedure for Diagnosis of New Patients

Of the 219 patients presenting with jaundice who were investigated
prospectively, 135 were seen in the liver unit and 84 in the non-
specialist district hospitals. Three district hospitals were large
general hospitals (the Brook Hospital, Greenwich District Hospital,
and New Cross Hospital); the fourth was an infectious diseases
hospital (Hither Green Hospital) to which many jaundiced patients
were initially referred because of the possibility of viral hepatitis.
Only clinical and laboratory data likely to be available within the

first 48 hours of admission to hospital were used-that is, up to 37
items from the clinical history, 12 from the physical examination, and
23 from haematological and biochemical tests (72 items of data in all).
Data were collected on a standard data-collection form, which incor-
porated definitions to clarify ambiguous symptoms, such as the
severity of abdominal pain. Most patients were seen shortly after
admission by one of us (R.B.S.), but in the district hospitals the form
was sometimes completed by the local clinicians.
The data was punched on to cards, using an I.B.M. 029 card punch,

and fed, via a C.D.C. 224-2 card reader, into the terminal at King's
College Hospital Medical School connected on-line to the C.D.C.
7600 computer, in which the program and data base were stored on
magnetic tape and disc file. The computed diagnosis was shown on a
visual display unit in the medical school and printed out on a high-
speed line printer. Turn-around time, from feeding in the punched
cards to obtaining a computed diagnosis, was usually 10-15 minutes.
Two categories of diagnosis were established for each patient.

Firstly, the probability of each of the 11 diseases comprising the
diagnostic matrix (table I) was directly computed. Secondly, a dis-
tinction was made between a "medical" and a "surgical" cause for the
jaundice. Since the 11 diseases are mutually exhaustive and exclusive
the probabilities of surgical or medical jaundice were calculated as the
sum of the final probabilities of the two surgical diseases (tumour of

TABLE i-No. (0° ) of Patients with Each of Eleven Diseases Included in
Diagnvstic Matrix in Data Base and Two Prospective Series

Data Base Liver Unit District
Hospital

Acute viral hepatitis .. 56 (8) 16 (12) 20 (24)
Fulminant hepatic failure 25 (8) 32 (24) 0
Active chronic hepatitis 25 (8) 11 (8) 2 (2)
Primary biliary cirrhosis 18 (6) 10 (7) 1 (1)
Cirrhosis from other causes

(e.g., alcoholic) .. 25 (8) 22 (16) 5 (6)
Drug-induced hepatitis 11 (4) 1 (0-7) 1
Drug-induced cholestasis 12 (4) 0 1 (1)
Hepatic infiltrations,,_ _,

(e.g., secondary tumour) 14 (5) 5 (4) 5 (6)
Congenital hyperbilirubinaemia 9 (3) 2 (1) 1 (1)
Tumour of extrahepatic biliary

tree .79 (26) 16 (12) 17 (20)
Gallstones .35 (11) 5 (4) 15 (18)
Other .. . .. - 15 (11) 16 (19)

Total 309 135 84
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the extrahepatic biliary tree and gallstones) or the nine medical
diseases.

In each of these diagnostic categories a further distinction was made
between "certain" and "uncertain" probabilities of diagnosis. A
certain probability of the final computed diagnosis was 0 98, since
the sequential diagnostic process was programmed to stop once the
probability of any one disease had reached that point, whereas an
uncertain probability of the final computed diagnosis was <0 98, all
the available data from a patient having been analysed. The four
possible permutations of diagnosis which may be obtained in a new
patient, with the probabilities of each, are illustrated in table II.
Though the model could not adequately distinguish between a
tumour of the extrahepatic biliary tree (which it gave only uncertain
probability) and gallstones in this case it did give a surgical diagnosis
with a high final probability, which later proved to be correct: the
final diagnosis was a carcinoma of the common bile duct.

TABLE II-Computed Probability in One Patient into One of 71 Diseases,
Medical versus Surgical Category, and Certain ( 098) or Uncertain (0< 98)
Probabilities

11 Diseases

Tumour of extrahepatic biliary tree
Gallstones
Infiltration
Active chronic hepatitis
Cirrhosis
Acute viral hepatitis
Drug-induced hepatitis
Fulminant hepatic failure
Drug-induced cholestasis
Primary biliary cirrhosis .
Congenital hyperbilirubinaemia

Medical v. Surgical

0 54
044
0-01
0 004
0-001
0-001
0-001
0-001
0-001
0-001
0*001

Surgical

MedicalJ

0-98

0-02

To assess the model's accuracy the computed diagnosis in each new
patient was compared with the final, or "true," diagnosis as con-
firmed by the histological appearances of a liver biopsy, laparotomy,
clinical follow-up, and necropsy findings. Though the computed
diagnosis was not formally compared with that of a particular
clinician "at the bedside," note was always taken of the clinicians'
diagnostic opinion so that some assessment could be made of the
cases in which the computed diagnosis disagreed with the clinical
diagnosis.

Results

Accuracy of Diagnosis into 11 Diseases.-Overall the computed
diagnosis agreed with the final diagnosis in 145 (660o) of the 219
patients; the diagnoses agreed in 93 (690%) of the 135 patients assessed
in the liver unit and in 52 (62%) of the 84 seen in district hospitals.
Eighty-four (620o) of the liver unit patients but only 32 (380o/) of the
district hospital patients were given a certain diagnosis by the model.
Among the 116 (530o) patients in whom a certain diagnosis was made
the diagnostic accuracy was 880/o in the district hospitals and 77% in
the liver unit, an insignificant difference. In 33 patients (16 in the
district hospitals and 15 in the liver unit) the final diagnosis proved to
be outside the 11-disease matrix (table III). If these patients were
excluded from the 219 the diagnostic accuracy was increased to 780o
(145 out of 186); again there was no significant difference between the
district hospitals and the liver unit.

Diagnosis into Medical versus Surgical Categories.-The computed
diagnosis agreed with the final diagnosis in 181 (83o%) of the 219
patients, there being agreement in 116 (860o) of the 135 liver unit
patients and 65 (770/,) of the 84 district hospital patients. A higher
proportion of patients in the liver unit (109; 81°o,) were diagnosed
with a certain probability thani in the district hospitals (50; 60%), but
among these patients with a certain diagnosis the accuracy of the

TABLE III-Thirty-three Patients from Both Series with Final Diagnosis not
Included in 11-Disease Matrix

No. of
Patients

Acute alcoholic hepatitis without
cirrhosis. 2

Subacute hepatic necrosis 3
Benign stricture of common

bile duct. 2
Oedema of common bile duct 1
Passive venous hepatic

congestion. 4

Acute massive haemolysis
Jaundice associated with

septicaemia ..

Empyema of gall bladder
Cholestasis associated with

sarcoidosis
No final diagnosis ever

proved ..

No. of
Patients

1

17

..i
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model was 950' in both places. The 33 patients with final diagnoses
which proved to be outside the 11-disease matrix (table III) included
three patients with benign bile duct strictures and one with an
empyema of the gall bladder who could be placed in the surgical
category. Similarly, surgical obstruction was excluded by radiography
or laparotomy in the other 30 patients, so they could be placed in the
medical category. The model could therefore still make a correct
medical versus surgical decision on these patients.

In most patients given a certain diagnosis by the model there was
little doubt as to the diagnosis among the clinicians managing their
case, but there were 10 patients for whom the model calculated a
diagnosis with a certain probability which grossly disagreed with the
general clinical opinion at the time but which eventually proved to be
correct (table IV). Eight patients were given a certain medical versus
surgical diagnosis by the model which proved to be incorrect (table V).
Cases 1-18 (tables IV and V) had all caused great difficulties in
diagnosis.
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Case 9.-A 65-year-old man was admitted to a district hospital with a
four-week history of malaise, fever, and epigastric pain. Apart from a
palpable liver edge there were no abnormal physical signs. Serum bilirubin
was 24 ±Lmol/l (1-4 mg/100 ml), alkaline phosphatase 39 K.A. units/100 ml,
and SGOT 60 IU/l. Acute viral hepatitis was diagnosed clinically, and the
histological appearances of a needle biopsy of the liver were thought to
confirm this diagnosis. The computed diagnosis, however, using the clinical
features and Ever function tests sequentially, was gallstones with a final
probability of 0-98. After three weeks in hospital, during which the patient's
condition showed no improvement, intravenous cholangiography was per-
formed and showed stones in the common bile duct, which were successfully
removed.

Case 19.-A 23-year-old man was referred to the liver unit after developing
painless jaundice and pruritis after a bout of heavy drinking; he had drunk
excessively over the previous three or four years. Percutaneous liver biopsy
showed cholestasis with extensive fatty infiltration of the liver, and acute
alcoholic hepatitis was diagnosed. On the basis of all the clinical and labora-
tory findings taken sequentially, particularly a raised serum alkaline phos-
phatase level, the computed diagnosis was a tumour of the extrahepatic
biliary tree with a final probability of 0 90. Hence, an endoscopic retrograde
cholangiogram was performed as a matter of urgency, which showed a
carcinoma of the ampulla of Vater. Despite his youth this proved to be the
correct diagnosis at operation. Fortunately, it was possible to carry out a
Whipple's operation, and he remained well one year later.

TABLE iv-Details of 10 Patients with Certain Computed Diagnosis, which
proved to be Correct, who were Wrongly Diagnosed by Clinicians

Case Computed Diagnosis Clinician's Opinion Remarks
No.

Tumour of biliary tree

Active chronic hepatitis

Tumour of biliary tree

Cirrhosis

Viral hepatitis

Active chronic hepatitis

Primary biliary cirrhosis
Tumour of biliary tree

Gallstones
Primary biliary cirrhosis

Viral hepatitis

Biliary obstruction

Viral hepatitis

BiLiary obstruction

Biliary obstruction

Gallstones

Biliary obstruction
Viral hepatitis

Viral hepatitis
Biliary obstruction

Diagnosis made after
two laparotomies

Died of peritonitis after
negative laparotomy

Surprisingly high
SGOT

Died of hepatic coma
after negative
laparotomy

Correct diagnosis made
after 2 endoscopic
retrograde
cholangiograms and
2 liver biopsies

Negative endoscopic
retrograde
cholangiogram

Negative laparotomy
Diagnosis made after

2 laparotomies
Deceptive liver biopsy
Septicaemia after a

negative laparotomy

TABLE v-Details of Eight Patients Given Certain, but Wrong, Medical versus
Surgical Diagnoses by Model

Computed Diagnosis

Tumour of biliary tree

Tumour of biliary tree

Tumour of biliary tree

Tumour of biliary tree

Primary biliary cirrhosis

Primary biliary cirrhosis

Primary biliary cirrhosis

Primary biliary cirrhosis

True Diagnosis

Cholestatic viral
hepatitis

Cholestatic viral
hepatitis

Cholestatic viral
hepatitis (probable)

Infiltration
(carcinoma of
stomach invading
liver)

Carcinoma of
common bile duct
(improbable)

Gallstones with
secondary biliary
cirrhosis

Gallstones

Stricture of common
bile duct

Remarks

Correct diagnosis made
after retrograde
cholangiography and
liver biopsy

8-month history,
required retrograde
cholangiography and
liver biopsy

2 laparotomies and
retrograde
cholangiogram to
exclude obstruction

Diagnosis made at
necropsy

Biopsy suggestive of
biliary cirrhosis,
correct diagnosis
made at laparotomy

13-year history of
intermittent jaundice
with signs of
cirrhosis

8 months' painless
jaundice and pruritis

5 years' intermittent
jaundice and high
alkaline phosphatase

Relatively few indicants were needed in those patients diagnosed
with a certain probability, but overall a pattern emerged which showed
that some indicants consistently discriminated better between diseases
than others. The most useful were serum asparate transaminase
(SGOT) levels, serum alkaline phosphatase levels, total duration of
symptoms, duration of itching if present, the patient's age, and the
presence or absence of ascites.

There were cases in which the model was particularly helpful in
management.

Discussion

Computer-assisted diagnosis has been a continuing source of
interest over the last 10 years. Though success has been
achieved for several types of disease, such as thyroid function,2
thyroid swellings,3 epigastric pain,4 congenital heart disease,5
Cushing's syndrome, and inflammatory bowel disease,7 there
has been disappointingly little practical application in the every-
day hospital setting. Perhaps the only computer-assisted
diagnostic system that has up till now proved to be a practical
proposition in Great Britain, is that devised by the Leeds group
for the diagnosis of acute abdominal pain,8 9 which can be used
in a routine hospital setting by non-specialist staff. In liver
disease Burbank's'0 computer program though highly accurate
was retrospective, and Fraser and Franklin's11 series of 100
prospective cases was based on a data base weighted heavily by
many patients with cirrhosis seen in a specialized unit.
The system we have described is easy to use, provides a rapid

turn-round, and is applicable to the non-specialist district
hospital. Nevertheless, both the proportion of patients in the
district hospitals with a computed diagnosis of certain prob-
ability and the overall accuracy in these patients with regard to
the 1 -disease category of diagnosis were lower than in the liver
unit patients. This may be, at least partly, because of the use of
one data base collected from patients seen in the liver unit, who
constitute a different patient population from that in the district
hospitals. For example, because of the liver unit's particular
interest in the management of fulminant hepatic failure there
were many patients with this condition in the data base and in
the prospective series at the unit. The prevalence of each disease
in the district hospitals undoubtedly represents a truer picture
of the types of jaundice seen in the country as a whole, but once
enough patients have been seen in the district hospitals we shall
be able to use data from these patients to construct a separate
data base for use in district hospitals. Both data bases will then
also have to be extended to incorporate more than 11 diseases
-for example, some of those listed in table III-so that one of
the current problems-namely, the "impossible to diagnose"
category-is eliminated.

Since the Bayesian approach mimics at least partly some
aspects of the human diagnostic process12 it is hardly surprising
that patients whom clinicians have found easy to diagnose have
usually been diagnosed with a certain probability by the
computer-assisted model. Fraser and Franklin"1 suggested a
category of "equivocal" diagnosis if the greatest probability of
diagnosis in any one patient was less than three times that of the
second greatest. Anderson and Boyle1' had a similar category if
in any patient the most probable diagnosis was made with a
probability of less than 10 times that of the next most probable,
and our cut-off point of 0-98 to separate certain from uncertain
diagnoses corresponds more closely with theirs than with
Fraser and Franklin's. In relaying a computed diagnosis to the
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referring clinician we always give the probability as well so that
he may rely less on the result the lower the probability.
Though the computed diagnosis was compared with the

general clinical opinion, we could not compare systematically
the computed diagnoses directly with those of any one clinician
in all cases. Such a comparison performed on 20 selected patients
from the district hospitals showed that the model performed as
well as the most accurate of five clinicians and better than the
least accurate.'4
The proposed improvements to the data base and diagnostic

matrix of the model should improve its accuracy even further,
though even now it can give much help in reaching the correct
diagnosis in difficult cases of jaundice. We have also found that
rather than replacing the clinician such a system may stimulate
him to be more thorough and make more use of those data
which the computer finds highly discriminating but which are
not always those given in textbooks of clinical medicine.

We are extremely grateful to the physicians and surgeons who have
allowed us access to their patients and who have co-operated in this

project. We also thank B. Leventhal for his help with computer
programming. R.B.S. is in receipt of a Bernard Sunley Research
Fellowship from the Royal College of Physicians, London.
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Use of Biochemical Profile in Children's Hospital:
Results of Two Controlled Trials

J. V. LEONARD, BARBARA E. CLAYTON, J. R. T. COLLEY
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Summary

Two controlled trials of the use of a biochemical profile
were conducted in a children's hospital to see whether
the profile led to diagnoses which would not otherwise
have been made and to see what effect it had on the num-
ber of extra requests for pathological investigations
and the length of stay in hospital. Altogether 2816 child-
ren were examined and 13 new diagnoses made. There
was a significant increase in the total number ofpathology
requests but the profile did not alter the length of stay in
hospital. We conclude that the profile made only a small
contribution to the overall care of the patients.

Introduction

Studies of the effects of providing biochemical profiles for
adults have shown that unsuspected abnormalities may be dis-
covered which are responsible for new diagnoses.'-3 Between
3% and 10% of the patients were thought to have benefited
from the profile. Our aim was to see what effect a profile would
have on children, as no such studies had been reported. Two
controlled trials were conducted on two groups of children
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admitted to hospital. The major objective was to measure the
use the clinicians made of the information in the profile in terms
of the number of diagnoses attributable to the profile, the num-
ber of extra pathology requests, and the length of stay in hospital.

Methods

The biochemical profile had 14 components, of which 12 (sodium,
potassium, total CO, urea, calcium, phosphorus, alkaline phosphatase,
total protein, albumin, reducing sugar, cholesterol, and aspartate
aminotransferase (SGOT) were measured on a multichannel analyser
(Technicon SMA 12/micro). Haemoglobin and magnesium were
estimated by a semi-automated cyanmethaemoglobin method and
atomic absorption spectroscopy respectively. The 14 tests required a
total of 0-7 ml of blood. An evaluation of the SMA 12/micro during
the study, including details of the methods and the results of the
quality control, has been reported.4
The study was conducted for a total of 39 weeks between 2 January

and 21 December 1973. The remaining 11 weeks were lost for various
reasons, in particular because of problems with the SMA 12/micro.
All patients admitted to The Hospital for Sick Children during the
39 weeks were eligible for inclusion in the study except for day cases
and those admitted to two surgical wards. Blood was usually collected
within 72 hours of admission, no attempt being made to collect it
with the child fasting. Most specimens were analysed the same day,
but if not the plasma was stored at 4°C until assayed. Some children
had a blood transfusion or operation before blood could be drawn,
and no specimen was taken from these patients. The consultants gave
written permission for patients to be included in the study, but if they
wished they or a deputy could still exclude any patient.

DESIGN OF TRIALS

Two trials were designed which ran simultaneously. On admission
the eligible children were allocated to one or other trial.

Trial A (Early and Late Groups).-All patients admitted for
medical treatment, all emergency cases, and all patients admitted for
routine surgical procedures who were expected to stay for more than
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