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participates only in giving, say, 85 vaccine doses for every 100
girls offered vaccination, with a major part of the checking of
immune state delayed to the stage of the antenatal clinic. The
comparison does not include the repetition of tests which may
occur between general practitioners and hospitals. In our
proposed strategy activities of the antenatal clinic would be
transferred to the school, which would increase the cost of the
School Health Service but greatly reduce the cost in the antenatal
sector. These cost savings would be substantial. Table IV
compares the cost of the present system (which for vaccine and
serotests we estimate as £213-50 per 100 women) with that of
our proposed strategy, which takes advantage of the benefit of
natural immunity. The cost per 100 women by this approach is
about £1 12 for the serotests and vaccine, a saving of some 480%.
The annual saving in a city such as Glasgow with a need to
vaccinate 8500 girls a year would be about £9000.

Similar arrangements apply to the need for blood grouping,
which may even be repeated for the same person in each
pregnancy. Blood taken for estimating rubella immunity could
also be used to determine blood group, and there are clear
benefits from women having an early knowledge of both blood

group and rubella immunity. An extension of our proposal
might be to provide a card for all schoolgirls on which to record
their blood group, immune state, immunisation, and other
relevant information. Probably such a card would be preserved
and the information available later to those responsible for their
care with a consequent improvement in patient care at no
additional cost.

We acknowledge the help given by Drs L W J Ross and A E Burton.
We thank Professor J H Barber and Dr F A Boddy, University of
Glasgow, for advice in the preparation of this paper.
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SHORT REPORTS

Methadone produces prolonged
postoperative analgesia
Recent reports have suggested that postoperative analgesia is often
inadequate.' Repeated intramuscular injections of narcotics with a
high clearance and a short half life-for example, pethidine, morphine
-produce rapidly fluctuating blood concentrations. The consequence
of such changes is a clinical response ranging from ineffective analgesia,
through analgesia, to unwanted and toxic effects. Adequate control of
postoperative pain may be obtained with a blood pethidine concen-
tration of between 400 and 700 1Ag/l.1 One technique to overcome the
fluctuating blood concentrations would be to administer the narcotic
by intravenous infusion,,either by "demand" or at a continuous rate.2
Both infusion methods, however, require fairly expensive infusion
pumps. An alternative method of providing continuous analgesia
without the problems associated with infusion techniques might be to
give, infrequently, a narcotic with a long half life, and low clearance
-for example, methadone. We report that methadone produces
prolonged postoperative analgesia after a single intravenous dose.

Patients, methods, and results

Methadone was administered as a 20 mg intravenous bolus (over one
minute) when cardiovascular stability returned after induction of anaesthesia
in 19 healthy adult patients undergoing elective surgery (anterior spinal
fusion 10, cholecystectomy four, other abdominal surgery five). Blood was
collected at appropriate time intervals for determination of methadone
concentration and hence pharmacokinetics in the postoperative period. No
narcotic was used for premedication, and methadone was the only narcotic
used during the intraoperative period. A volatile anaesthetic agent (enflurane)
was added if the depth of anaesthesia associated with the methadone, nitrous
oxide, and relaxant was considered to be inadequate.

Supplementary analgesia in the postoperative period was given at the
request of the patients, who had been informed preoperatively that they had
the choice of intramuscular (narcotic) or oral (non-narcotic) analgesia when
they thought it necessary. Blood was collected immediately before any
postoperative analgesic medication was given to calculate the minimum
effective analgesic blood methadone concentration and the duration of
analgesia. The blood methadone concentration was measured by gas
chromatography based on a previous method.3 Standard curves were
reproducible and passed through the origin, and the limit of sensitivity of the
assay was 5 ,ug/l.

Five of the 19 patients (26 %) did not require any postoperative analgesia.
Six patients (32 %) received non-narcotic analgesics; the median duration of
analgesia was 26 hours (range 22-35 hours) and the median minimum
effective blood concentration of methadone 30 4g/l (18-54 jug/l). Eight
patients (42 0/0) received an additional narcotic, which was either morphine
or pethidine; the median duration of analgesia was 20 hours (nine to 25

hours) and the median minimum effective blood concentration 30 jtgll
(19-46 pg/l) (table).
No significant respiratory depression (below 10 breaths/minute) was noted.

Nausea occurred in nine patients but responded to one or two injections of
prochlorperazine. Pharmacokinetic studies indicated that the mean distri-
bution half life of the 20 mg intravenous bolus of methadone was eight
minutes while the terminal half life was 351 ±SD 20-3 hours and the
clearance 172 ±88 ml/min. The mean volume of distribution at steady state
was 416 151 litres.

Minimum effective analgesic concentration and potency
values for narcotic agonists

Minimum effective
analgesic concentration

Narcotic (Oig/l) Potency*

Blood Plasma

Methadonel 35 4811 1
Pethidinel 460 60011 0-10-013
Morphine§ 65 1

Blood :plasma ratios calculated from studies performed in this
department indicate values (mean±SD) of 0 77±0 11 for
pethidine and 0 73 ±0 05 for methadone.
*From Houde.6
tPresent study.
$From reference 1.
§From Dahlstrom et al.4 This figure was obtained for pain
during operation (in children 7-15 years old), which would
be expected to be higher than that necessary to control
postoperative pain.
IlCalculated from blood:plasma ratio (X)-that is, plasma
concentration - blood concentration/X.

Comment

The prolonged postoperative analgesia (median value 25 hours)
obtained after a single intravenous dose of methadone is similar to the
terminal half life (mean 35 hours). Furthermore, there appears to be a
minimum effective analgesic concentration ofmethadone (median value
35 tcg/l). Previous studies1 have shown a similar relation for pethidine
in the treatment of postoperative pain (mean value 460 ,Lg/l). Our
results suggest that there may be a direct relation between minimum
analgesic blood concentration and potency for the narcotic agonists
studied (see table).

Pharmacokinetic studies have shown that clearance of methadone
is about one-fifth of that of either morphine or pethidine (0-6-0-8
1/min). The mean distribution half life was only eight minutes,
indicating that the blood methadone concentration falls rapidly after
bolus intravenous administration. The distribution phase should
therefore be complete 45-60 minutes after administration. The
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clinical implications of these data are that methadone should be used
with care in operations that will take less than 45 minutes as an
accumulation of the drug will occur with repeated administration at
short intervals, resulting in respiratory depression. Supplementary
doses of any narcotic must not be administered unless a patient is
reassessed.

We thank Professor M J Cousins for constructive comments and Mr C
McLean and Miss D Stranger for skilled technical help.
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Renal function after prolonged
consumption of aspirin

Aspirin is more nephrotoxic than phenacetin in rats.' Powders
containing aspirin and paracetamol appeared to be as nephrotoxic as
those containing phenacetin in Australia.2 Hence aspirin is still
suspected as a cause of analgesic nephropathy.

filtration, and urinary concentrating ability, the most sensitive test for
early analgesic nephropathy.

Patients, methods, and results

Of the 16 patients studied (see table), 15 could not recall taking any other
analgesic, nor had they received gold or penicillamine; these statements were
verified from the case notes. The remaining patient (case 16) had heen given
gold 30 years before without side effects.
Plasma creatinine concentration was measured by the standard Technicon

autoanalyser method based on the Jaffe reaction, and 5tCr-EDTA clearance
by the single-shot technique.5 5tCr-EDTA (1 mCi) was injected intravenously
and 5 ml blood samples drawn at one, two, and four hours. Estimated
glomerular filtration rate (actual clearance of 51Cr-EDTA) was corrected for
body surface area (actual clearance x 1 73lsurface area in m2), derived from
height and weight using the nomogram in Documenta Geigy Scientific Tables.
Urinary concentration was measured by the desmopressin test. Diuretics
were stopped for 72 hours; fluid was not restricted before the test but was
limited to 150 ml during the test. A control urine sample was collected at
9 am and 40 jsg desmopressin (0-4 ml solution of DDAVP) instilled, half into
each nostril, by tube. Urine samples were collected at one, three, and five
hours and the highest osmolality achieved recorded as the concentrating
ability. Urine analysis was performed with Labstix and urine microscopy
carried out by an experienced nephrologist.
No patient showed blood, protein, dextrose, or ketones in urine, and in

none was there appreciable growth on culture of a midstream specimen. One
had slight pyuria and two showed a modest increase in excretion of hyaline
and granular casts on qualitative microscopy. The table summarises the
remaining results.

All patients had normal plasma creatinine concentrations. Glomerular
filtration rate corrected for surface area was slightly low in cases 11 and 12.
The abnormally high value in case 5 was not confirmed by prediction from
plasma creatinine concentration, age, weight, and sex. The mean maximum
urinary osmolality (820 mmol(mosmol)/kg) was surprisingly high for a
middle-aged population with generalised illness; only three patients (cases
5, 7, and 14) had values substantially below the usually quoted lower limit
of normal (700 mmol/kg), which was established in younger subjects.

Comment

Our results confirm those published in 1974.' 4 When considered
as a group, patients who had taken many kilograms of aspirin as a
single drug had normal glomerular filtration rates and urinary
concentrating ability for their age, size, and sex. The few individual
abnormalities were slight, non-progressive, and not surprising in a
group of patients with generalised illness. None had clinical features

Details of patients and results of renalfunction tests

Renal function

51Cr-EDTA clearance
Diagnosis and Plasma (ml/min)

Case Age and sex duration of Aspirin consumption creatinine Maximum
No disease* (ILmol/l) Corrected urinary

(years) Maximum (actual x osmolality
daily Duration Total Actual 1 73/surface (mmol/kg)
(g) (years) (kg) area in m2)

1 63 M RA 16 4 8 11 18 90 95 88 833
2 34 F RA 20 4 8 17 16 59 143 161 909
3 50 F RA 11 3-8 5 7 74 88 99 924
4 56 F RA 33 3-6 17 19 78 78 87 838
5 59 F RA 13 3 6 13 13 76 191 232 558
6 69 F RA 27 3-9 26 27 82 126 138 855
7 47 F RA 9 3-6 16 17 85 90 85 680
8 53 F RA 36 3 4 32 37 60 76 80 869
9t 37 F 4 } 4.8 9 14 89 82 92 795
lot 37 F JCA 27 5-0 4 5 96 89 97 779
11 50 F RA 21 4-5 8 10 76 67 69 830
12 71 F RA 25 5-0 17 18 79 61 71 697
13 46 F RA 27 4-8 16 18 57 118 123 790
14 40 F JCA 32 3-6 11 10 79 85 93 658
15 43 F RA 18 4-5 12 16 46 157 190 778
16 68 F RA 48 2-7 40 17 53 82 88 1322

*RA = Rheumatoid arthritis. RF = Rheumatic fever. JCA = Juvenile-onset chronic arthritis.
tIdentical twins.

Conversion: SI to traditional units-Creatinine: 1 t,mol/l 001 mg/100 ml. Urinary osmolality: 1 mmol/kg= 1 mosmol/kg.

In 1974 two studies found no evidence that aspirin given alone in
doses totalling up to 20 kg was nephrotoxic.3 Both studies, however,
measured renal function from plasma urea and creatinine concen-
trations, which roughly reflect glomerular function, whereas analgesic
nephropathy affects medullary function disproportionately. We have
therefore repeated our 1974 study4 but with the addition of EDTA
(edetic acid) clearance, which is a more accurate measure of glomerular
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