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SOON after the first reports that thalidomide might be the cause
of foetal deformity (McBride 1961; Lenz 1962; Pfeiffer and

Kosenow 1962) Speirs (1962) investigated drugs taken during
pregnancy by the mothers of babies born with amelia and other
limb defects in maternity units in Stirlingshire. He found statements
by a mother that no thalidomide had been taken or by a doctor
that no thalidomide had been given during pregnancy were unre-

liable. When a search was made through the National Health
Service prescription scripts written in the area during the relevant
time, prescriptions for thalidomide for a number of the women were

found. Smithells (1962) in an investigation of thalidomide deformi-
ties in Liverpool also found that the memories of patients and the
records of doctors about administration of drugs were fallible.

Investigations of suspected adverse reactions to drugs are depen-
dent on the successful identification of the drugs which patients
have taken. This paper describes how the mechanized methods
used by the pricing bureau of the Northern Ireland General Health
Services Board have been modified so that it is possible not only to
characterize the prescribing of particular drugs in the community
but if necessary to trace all patients who have been prescribed a

specific drug or preparation. It reports the results of an investiga¬
tion of the prescribing of chloramphenicol and of the relationship
to that prescribing ofdeaths from aplastic anaemia in the community.

The machinery of drug pricing
In the National Health Service when a general practitioner

prescribes for a patient he writes the prescription on a special form.
This script is taken by the patient to a pharmacy where the medicine
is supplied. The pharmacist keeps the script and at the end of each
month sends all scripts to the local pricing bureau so that he can be
reimbursed. The pricing is usually done by trained clerks and is
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time consuming so that when the National Health Service started,
payment in many centres was made after pricing a 1:10 sample of
scripts from each pharmacy. In Northern Ireland there were many
small pharmacies from each of which carne small numbers of
prescription scripts. Sampling was not satisfactory but the pricing
of all scripts was slow and payments to pharmacists were often
delayed. In 1953 the Northern Ireland General Health Services
Board, the equivalent of a local executive council in England or

Scotland, improved the speed and efficiency of its pricing bureau
by mechanization and the use of Hollerith punch cards, and pharma¬
cists in Northern Ireland agreed that when they supplied medicines
to patients they would insert on the margin of the prescription
script two code numbers, one to indicate the preparation supplied
and the other to indicate the quantity supplied. The system which
has been in use since that time can be summarized as follows:

1. The doctor writes a prescription on a special form on which is printed his
name and address and a code number by which he can be identified.

2. When the pharmacist supplies the drugs to the patient he keeps the script,
stamps on it the name and address of the pharmacy and its identifying code
number and enters the two code numbers indicating the preparation and the
quantity supplied to the patient. At the end of the month all scripts are serially
numbered, are bound into bundles and are sent to the pricing bureau. The
serial number allows identification of individual scripts if there is any disagree-
ment between the Board and the pharmacist about payment.

3. When the bundles reach the Board a sample is examined to check the
accuracy of the coding of preparations and quantities.

4. The bundles are passed to the punching room. From each prescription
script the following data for each item prescribed are punched on to Hollerith
cards:

the code number of the pharmacy,
the code number of the doctor,
the code number of the preparation,
the code number of the quantity,
the script number.

The scripts are not usually needed again. They are kept in their original
bundles and are stored. It is possible to retrieve any individual script as the
script number is known but this has to be done by hand and is a slow procedure.

5. The cards are processed so that the price appropriate for the preparation
and quantity codes is automatically inserted. They are then sorted under the
code number of the pharmacies.

6. The cards for each pharmacy are passed through a tabulating machine.
This prints out all the data on the card, summates the prices and prints out the
total sum of money to be paid to the pharmacy. A copy of this printed document
is sent to the pharmacist with his monthly cheque.
Use of the system to investigate prescribing
The Hollerith cards can be re-sorted under the code numbers of

preparations. The total number of prescriptions for an individual
drug or for the different preparations of a drug can be determined
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with precision and analyses can be made of the doses prescribed
and of the number of times a preparation is prescribed by an

individual doctor. Analyses can be made of prescribing in different
areas, in urban or rural practices and so on.

Identification ofpatientsfor whom a drug has been prescribed
As the code number of the pharmacy and the script number are

recorded on each card, it is possible to trace the original scripts. If
necessary all scripts for a particular drug could be retrieved from
the appropriate bundles in the store room. A trial of this retrieve-
ment showed that 250 scripts for a specific drug could be sorted out
by two clerks in two days. In all these prescriptions the name and
address of the patient was legible. In subsequent investigations if
the name and address is illegible to the clerks a photostat of the
script is sent to the doctor who wrote it; this usually allows correct
identification of the patient.

The prescribing of chloramphenicol
Chloramphenicol was chosen for investigation because of anxiety

that it causes blood dyscrasias (Dameshek 1960). An analysis of all
prescriptions for chloramphenicol in the month of December 1962
was undertaken. In that month the population of Northern Ireland
was slightly less than \\ million persons, there were 756 family
doctors in contract with the Board and more than J million prescrip¬
tions were written (table I).

TABLE I
Northern Ireland general health services board December 1962

Patients on lists. 1,411,000
Doctors in contract with Board. 756
Pharmacists in contract. 691
Prescription scripts written . 555,835

Chloramphenicol was prescribed in two forms, as capsules, each
containing 250 mg. of the drug, or as chloramphenicol palmitate
syrup containing an ester of chloramphenicol (1 oz. of the syrup is
equivalent to 1 G. chloramphenicol). There were 3,123 prescrip¬
tions for chloramphenicol in the month, 1,141 for capsules and
1,982 for syrup. The total amount of chloramphenicol prescribed
was 10 kg (table II)
Doses prescribed
An analysis of one half of the prescriptions for capsules showed
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that the number of capsules prescribed varied from 1 to 48, the
most usual quantities prescribed were between 12 and 36 capsules
and the commonest quantity 24 capsules (table III). A similar
analysis of prescriptions for the syrup showed that 2 oz. or, less
frequently, 4 oz. was usually prescribed (table III). The syrup is a

preparation suitable for children. It was not possible to carry out a
detailed analysis but inspection of a sample of scripts indicated that
many prescriptions were for children.

TABLE II
Prescriptions for chloramphenicol December 1962

Each capsule = 250 mg. chloramphenicol
1 oz. of syrup = 1.0 G. chloramphenicol

TABLE III
Chloramphenicol: dose prescribed

Prescribing by doctors
Analysis of the prescribing by doctors showed that in that month

many doctors in contract with the Board wrote no prescriptions for
either preparation of chloramphenicol. Prescriptions for chloram¬
phenicol capsules were written by 243 doctors (table IV). Thirty
doctors each wrote 10 or more prescriptions: this accounted for
329 prescriptions, more than one quarter of the total. There were

174 doctors who wrote between one and four prescriptions a month.
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There were 513 doctors in contract with the Board who wrote no

prescriptions for chloramphenicol capsules during the month.
A similar analysis showed that 211 doctors wrote prescriptions for

chloramphenicol syrup (table IV). There were 24 doctors who each
wrote between 40 and 60 prescriptions. This accounted for more
than half the total number of prescriptions for this preparation
during the month. There were 134 doctors who wrote between
one and four prescriptions a month and there were 545 of the
doctors in contract with the Board who wrote no prescriptions for
chloramphenicol syrup during the month.

Examination of the data showed that doctors who were heavy
prescribers of one preparation were not usually heavy prescribers
ofthe other and indeed often did not write any prescriptions for the
other.

TABLE IV
Chloramphenicol: prescriptions per doctor

Persistence ofprescribing
It was argued that if the variation of the prescribing of chloram¬

phenicol were determined by personal conviction or habit of
individual doctors, the pattern of prescribing might remain constant.
This was investigated by re-analysing the prescribing of chloram¬
phenicol during February 1964, 14 months after the first analysis.
The total number of prescriptions for chloramphenicol in February
1964 was 1,648. Although a smaller total than in December 1962
the pattern of prescribing was similar and in many instances the
heavy prescribers of a preparation in 1962 were still the heavy
prescribers in 1964.
Any doctor who in the combined periods of December 1962 and

February 1964 had written more than 20 prescriptions for these
preparations was arbitrarily assessed as a

' heavy prescriber of
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chloramphenicol' for the purpose of investigating deaths due to
aplastic anaemia.

Deaths from aplastic anaemia in Northern Ireland
Search of the Registrar General's records showed that 50 persons

were certified as dying of aplastic anaemia between January 1960
and June 1964 (table V). The age at death, the place of death and
the name of the doctor who wrote the death certificate are available
in these records.

TABLE V
Deaths due to aplastic anaemia

Northern Ireland, January 1960.June 1964

Deaths registered . 50
Usual medical attendant traced . 48
Rejected after examination of records . 6
Analysed . 42

Forty-one patients died in hospitals but the hospital records of
only 39 of these were successfully obtained. In six instances the
diagnosis of aplastic anaemia could not be sustained after examina¬
tion of the hospital records.

In two autopsy had been carried out revealing Hodgkin's disease and lympho-
sarcoma; in three there were haematological records which indicated that the
patients were suffering from iron-deficiency anaemia, pernicious anaemia or
aleukaemic leukaemia. One patient had died with extensive pulmonary tubercu-
losis: he had severe anaemia but the diagnosis of aplastic anaemia seemed unten-
able.
From the records of the remaining 33 patients whose deaths were

accepted as due to aplastic anaemia the name and address of the
usual medical attendant at home before death was identified.
Records of the nine patients who died outside hospital were not
available. It was assumed that the diagnosis was correct and that
the doctor who had certified death was the patient's usual medical
attendant. There were thus 42 patients whose death was accepted
as due to aplastic anaemia and whose medical attendant at home
before death was known or could be reasonably assumed.
Drug histories. The hospital records were examined to determine

whether there was any evidence that patients had during life been
given chloramphenicol or any other drug which might have caused
aplastic anaemia. In only one instance was a full drug history
recorded in the notes: there was no evidence of exposure of that
patient to any drug which might have caused a blood dyscrasia.
Analysis of42 deaths

Age. The age of the patients at death is shown in table VI. The
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TABLE VI
Aplastic anaemia

Analysis of 42 deaths: by age

two youngest patients were aged two and 11 years old. The majority
were over 60. There is no evidence of an excess of deaths due to
aplastic anaemia amongst children in Northern Ireland.

Prescribing habit of usual medical attendant. The data were
examined to determine whether the usual medical attendant of the
patient at home or any of his
partners, if in joint practice,
were ' heavy prescribers of
chloramphenicol' as defined
above. The results of this
investigation are shown in table
VII. There is no evidence that
death from aplastic anaemia
in Northern Ireland is dis-
proportionatelyfrequent
amongst patients belonging to
practices in which there was a doctor who was a

* heavy prescriber
of chloramphenicol'.

TABLE VII
Aplastic anaemia

analysis of 42 deaths: by practices

Discussion

The methods used in the investigation
Studies of the incidence of adverse reactions to drugs in the

community cannot advance appreciably until techniques of measure-
ment of the use of drugs and of the frequency of suspected adverse
reactions are developed.

This investigation has shown that the pricing machinery used by
the Northern Ireland General Health Services Board can be used to
characterize important features about contemporary prescribing of
drugs in the community. The total quantity of a drug prescribed,
the preparations and doses in which it is prescribed and information
about the prescribers can rapidly be ascertained. It is not at present
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possible, as a routine procedure, to determine the number of patients
for whom a drug is prescribed for two, three or more ofthe prescrip¬
tions written by a doctor during one month may be for the same

patient. But this can be done in special instances and it is possible
to identify by name and address each individual patient for whom a

specific drug has been prescribed. Since the investigation here
reported was carried out, the Committee on Safety of Drugs has
used the machinery for this purpose and their Medical Assessor
has been able to write to the doctors of patients so identified to find
out whether any ill effects which might have been due to the drug
had occurred or not. In this way this machinery can now be used
to measure the incidence of adverse reactions in relation to the use
of a drug in the community. If it had been available in 1961 it
would have been invaluable to trace patients for whom thalidomide
had been prescribed.
As in any investigation of prescribing it is important to remember

that although a drug may be prescribed or supplied for a patient,
it may not be taken by him. It may be thrown away, stored for some
future contingency or taken by someone else.

The prescribing of chloramphenicol
The prescribing of chloramphenicol in December 1962 was greater

than expected, for reports that chloramphenicol might cause aplastic
anaemia had at that time been published (Damashek 1960; Editorial
1961). Chloramphenicol was used in the treatment of pertussis when
it was first introduced, but the reasons for which it was prescribed
for children in 1962 are not certain.

Variation in prescribing from doctor to doctor is reported by
Wilson et al. (1963 a, b). It was not appreciated, however, that a

very high proportion of the total amount of a drug used in the
community might be prescribed by a small number of doctors.

The persistence of the prescribing habit of the individual doctor
which is suggested by this investigation deserves further study. It
has been reported by Wilson and his colleagues in their survey in
Liverpool. They suggest that each doctor has a repertoire ofremedies
limited to about 170 different items (Wilson et al. 1964).

Aplastic anaemia and chloramphenicol
There were three serious defects in this investigation and its

results must be interpreted with caution.
1. The identification of deaths due to aplastic anaemia may have been

inaccurate. There was evidence that deaths were unjustifiably certified as due
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to aplastic anaemia. It is also possible that deaths due to aplastic anaemia
may not have been diagnosed or, if diagnosed, not certified as due to aplastic
anaemia.

2. The identification of the usual medical attendant of the patients at home
before death from hospital records and from death certificates may have been
incorrect.

3. The chloramphenicol prescribing habit attributed to the medical attendant
may have been incorrect: it was based on the assumption that the pattern of
prescribing found in December 1962 and February 1964 was constant over a
long period of time.
There is good evidence from other sources (Wintrobe 1964) that

chloramphenicol causes aplastic anaemia. The incidence is unknown
but when this investigation was started it was estimated that if the
incidence were as high as one case per 10,000 doses given (each
dose = 250 mg.) there might be 10 deaths per year in Northern
Ireland. With such numbers it would be reasonable to expect that
deaths due to aplastic anaemia over a four-year period would be
found to occur in excess amongst children or amongst the patients
of practices in which chloramphenicol was widely prescribed. No
such excess has been found but the defects of this investigation make
it impossible to regard the negative findings as conclusive.
Future developments
A modern electronic computer will soon be available to the

Northern Ireland General Health Services Board: this will make
both routine pricing of prescriptions and studies concerned with the
safety of drugs much more efficient.

If pricing bureaux in England or Scotland introduce modern
computers it is desirable that they too should carry out similar
investigations relevant to the safety of drugs, for outside the United
Kingdom, with the possible exception of Czechoslovakia and
Holland, there is no likelihood that such studies can be carried out
for many years to come.

As modern computers develop it may become possible to record
in code all information on a prescription script and to characterize
the patient for whom the prescription was written. It would then
be possible for aay citizen to have his past drug history retrieved
by the computer. As the use, complexity and potency of modern
drugs increases this may well become a safety measure of consider¬
able value to the individual patient and needed wherever drugs are
used.
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The second report covers the 16 months up to 31 December 1965. The
level of operations has steadily increased. A total of 4,114 inquiries were
answered at the four centres in London, Cardiff, Edinburgh and Belfast.
There were 46 deaths reported: 33 from drugs, ofwhich tryptizol accounted
for four, salicylates for four and digoxin for two.
"Among the more bizarre cases about which the service has been con-

sulted are the following. One man, supposedly by mistake, managed to
drink a whole glass of liquid manure which he had poured from a bottle
labelled sherry. He came to no harm. A child swallowed half a bottle
of' Bob Martin's Antimate ', without any untoward consequences, and a
six-year-old boy was addicted to chewing air-gun pellets. One hospital
accident department was suddenly confronted with no less than 15
youngsters, who, after being invited by the botany teacher to taste a
portion of Aquilega leaf, all complained of feeling sick and unwell. An
actress, beset by anaemia and scanty, painful menstruation, took a tinful,
estimated to contain no less than 40 tablets, designated ' Moulin Rouge '.
Then there have been the usual plethora of enquiries concerning bleach,
perfumes, after-shave lotion, deodorants, lipsticks, chewed cigarettes,
flashlight bulbs and numerous medicines, not to mention ' French Blues '.
'Brown Bombers' and other items of this kind among the addicts' argot."


