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somewhat similar to that on wound infection. Haemophilus
influenzae and Str pneumoniae are the common pathogens
involved. Both are highly sensitive to co-trimoxazole and,
interestingly, a single dose of co-trimoxazole appeared to
provide clinical benefit. This finding is particularly relevant for
patients with chronic respiratory disease and warrants further
investigation.
The reduction in wound sepsis achieved with co-trimoxazole

was significant. Only patients liable to have pathogenic bacteria
in their bile at operation have been thought to require antibiotic
cover.2 7 Several methods have been described whereby such
patients might be recognised. These include identifying risk
factors, using duodenal intubation, and intraoperative Gram
staining.2 Few centres, however, have time and resources for
these measures. A single dose of co-trimoxazole covering the
operative period provides a practical alternative. This reduces
not only wound sepsis but also pulmonary complications.

We thank the members of the surgical division, Victoria Infirmary,
Glasgow, for co-operating in this study, and Miss I K Morton, chief
pharmacist, for randomising the patients. The co-trimoxazole was
kindly provided by the Wellcome Foundation Ltd, and the assays
were performed by Miss P E Pelham of the Wellcome Research
Laboratories.

Requests for reprints should be addressed to: Dr W McNaught,
Bacteriology Department, Victoria Infirmary, Glasgow G42 9TY.
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Summary and conclusions

Adverse drug reactions (ADRs) to phenformin and
metformin reported to the Swedish Adverse Drug
Reaction Committee during 1965-77 were analysed in
relation to sales and prescription data. The biguanides
accounted for 0-6% of all reported adverse drug reactions
but for 6% of the fatal cases (all phenformin). Sixty-four
ADRs to phenformin and eight to metformin were
classified as causal relation "probable" or "not excluded."
Fifty-one of these reactions (71%) were lactic acidosis,
all but one being reactions to phenformin. After 1973
phenformin was prescribed less in Sweden and met-
formin became predominant. A nationwide prescription
survey during 1975-6 disclosed no differences in age and
sex between patients receiving phenformin and met-
formin. The mean daily doses prescribed in 1976 were
74 mg of phenformin and 1 5 g of metformin.
The numbers ofADRs to the two drugs reported during
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1975-7 were related to use. The relative incidences of
ADRs reported for phenformin and metformin did not
differ. Significantly more cases of lactic acidosis and
deaths were reported for phenformin.

Introduction

Biguanides affect lactate metabolism,' and severall 2 but not all3
workers have found that phenformin is more potent than
metformin. In most reported cases of lactic acidosis the patients
had been treated with phenformin; few had received metformin
or buformin.1 This may reflect differences in the use of the drugs
rather than true pharmacological differences. A sixfold variation
was found in the total use of biguanides in seven European
countries.4 Phenformin was the most-prescribed biguanide in
five of these.

In our study, carried out in Sweden, we attempted to relate
reports of adverse reactions (ADRs) to phenformin and met-
formin (the two biguanides sold in Sweden) to sales and
prescription data.

Materials and methods

All reports sent to the Swedish Adverse Drug Reaction Committee
are scrutinised by a medical officer, discussed by a working party, and
settled by the full committee.5 In severe cases the complete medical
record is obtained. The following classification is used by the com-
mittee: causal relation "probable," "not excluded," or "unlikely," or
insufficient information available. Only one adverse reaction per person
(the most severe) was included in this study. In 1975 it became
obligatory to report suspicions of ADRs to drugs that were fatal or
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otherwise serious, new, unexpected, or remarkable. Sales of biguanides
in Sweden (Swedish Pharmaceutical Data LSAB) were converted to
defined daily doses (DDD).4 In a continuous nationwide prescription
survey the name of the drug, age and sex of the recipient (since 1974),
and prescribed daily dose (since 1976) are recorded in a 1-in-288
sample of all purchases.6
We tested differences between means with Student's t test, and

between distributions with the X2 method or binomial distribution.

Results

Ninety-one suspected ADRs to biguanides were reported in 1965-
77. Seventy-two (79%O) were classified as probable or not excluded
(table I). In 43 cases (47%) the patients were men. Fifty-seven
reports were of lactic acidosis; 51 of these were classified as probable
or not excluded. In 36 cases, suspected reactions to phenformin, the
outcome was fatal. In 22 of these the deaths had a probable or not
excluded relation to the ADR, and 19 were due to lactic acidosis. The
first ADR to metformin was reported in 1973, and eight of the 13
reports for this drug were classified as probable or not excluded.

TABLE i-Adverse reactions to phenformin and metformin in Sweden during
1965-77 classified as causal relation "probable" or "not excluded"

Type of reaction No of patients No of deaths

Phenformin
Lactic acidosis .. .50 19
Acidosis, unspecified 4 2
Hypoglycaemia 3
Liver reactions 2
Pulmonary hypertension 1 1
Thrombocytopenia 1
Others ... -3

64 22

Metformin
Lactic acidosis.. . 1
Hypoglycaemia 3
Cutaneous reactions 2
Folic acid deficiency . . 1
Confusion ... 1

8

Since late 1976 more metformin than phenformin has been sold
(table II). The prescription survey did not show any differences in age
or sex distribution between patients receiving phenformin and those
receiving metformin (figure). The mean daily dose of metformin
(± SD) was 1-5 0-6 g (167 prescriptions), while that of phenformin
was 74+25 mg (141 prescriptions). The 13 patients with suspected
ADRs to metformin were prescribed the same mean daily dose
(1-5 ±0-8 g) as patients in the prescription survey but were significantly
older (72-1 ± 12-7 years v 63-5 ±12-8 years; P <0-02). The 78 patients
with reported ARs to phenformin were prescribed a mean daily dose
of 94+30 mg (n= 74), which was significantly higher (P <0.001) than
that prescribed in the prescription survey, but they were of the same
mean age (63-4±15-9 years v 63-9±12-1 years). The same relations
were found for patients with lactic acidosis (95±+29mg; P<0.001)
and those who died (98 +29 mg; P<0 001).
During 1975-7 there was no significant difference between phen-

formin and metformin in the incidence of ADRs related to sales
(table III). There were, however, significantly more reports of lactic
acidosis (P < 0 01) and deaths (P < 0 02) for phenformin. The inci-
dences of reports of lactic acidosis classified as probable or not
excluded were 1-76 and 0-13 per million DDDs of phenformin and
metformin respectively (P < 0 001).

TABLE ui-Sales of biguanides in Sweden during 1971-7 in number of defined
daily doses (DDDs)/1000 population/day

1971 1972 1973 1974 1975 1976 1977

Phenformin* .. 2-30 2-32 2-19 1-67 1-02 0-88 0-55
Metformint .. 019 018 019 0 34 0-60 0-85 1-04

*Registered 1961; DDD=0-1 g.
tRegistered 1965; DDD = 2 0 g.
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Age (years)
Phenformin
(n=324)

60 40 20

190-
85-
80-
75-
70-

60-
55-
50-I
_L5-
40-
35-
30-
25-
20-

15-

Metformin
(n=299)

20 40 60
No of patients

Age distribution of patients receiving phenfornin and metformin during
1975-6.

TABLE iii-Numbers of adverse reactions to phenformin and metformin reported
in Sweden during 1975-7 and relation to sales

Phenformin Metformin P

Sales ( x 106 DDDs) 7-37 7 50
Adverse reactions:

Reported .. 16 12 NS*
Probable and not excluded 14 7 NS*

Lactic acidosis:
Reported . . 13 2 0-olt
Probable and not excluded 13 1 o0001t

Fatal reactions:
Reported .. 6 0-02t
Probable and not excluded .. 6 0-02t

DDD = Defined daily dose. NS Not significant.*yS2 test. tBinomial test.

Discussion

Of all suspected ADRs to drugs reported in Sweden in 1965-77
the biguanides accounted for only 0-6% (91/15 500), but phen-
formin was used in 6% (22/360) of the cases in which the patient
died and the reaction was classified as probable or not excluded.
In most of these cases (19 of the 22) the reaction was lactic
acidosis. Two of the proposed mechanisms for the hypo-
glycaemic effects of the biguanides-namely, increased glyco-
lysis and decreased glyconeogenesisl-interfere with lactate
metabolism. In controlled studies on diabetics no significant
difference was found in the rise in lactate concentration after a

glucose tolerance test during treatment with phenformin or

metformin.3 Moreover, mean 12-hour lactate concentrations,
though not fasting values, were raised significantly higher with
phenformin than metformin.2 Among diabetic patients with
poor control, however, those receiving phenformin had signifi-
cantly higher lactate concentrations than those receiving met-

formin when admitted to hospital.7
Phenformin and metformin were registered in Sweden in

1961 and 1965 respectively. Several reports of lactic acidosis
associated with phenformin treatment were published in Sweden
in 1969-73, when metformin was little used (table II). After these
reports the indications for both phenformin and metformin
were restricted and the contraindications clearly stated. As a

result the biguanides were used less and metformin was pre-
ferred to phenformin. With this change in use the number of
ADRs to metformin increased whilethatto phenformin decreased.
In 1976 no cases of lactic acidosis were reported, which was

interpreted as indicating better selection of patients. In 1977,
however, six cases were reported, four of which were fatal. The
number of cases of lactic acidosis related to the use of phen-
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formin has not decreased (1 -63/million DDDs in 1972-4 and
1-76/million DDDs in 1975-7).

Previous studies have shown that about 300%' of serious ADRs
to drugs were reported to the Swedish committee.5 Although the
total number of reports has increased since its inception in 1965,
reports of death have been fairly constant.5 8 This has been
interpreted as showing that serious reactions, especially fatal
ones, are overrepresented in the reports. The total numbers of
reports of ADRs to metformin and phenformin are of the same
order when related to use (table III), which speaks against a
serious reporting bias. Furthermore, age and sex ctistributions
in the prescription sample were similar for the two drugs, as
were the prescribed daily doses versus the respective DDDs.
Metformin is eliminated by the kidneys while phenformin is
also metabolised.1 Accordingly, the daily dose of phenformin
and the age of patients receiving metformin seem to be im-
portant factors in the development ofADRs to the drugs. An age
limit of 60 years for biguanide use would have eliminated 70%/'
of the patients treated (figure) and 78% (40/51) of the cases
of lactic acidosis classified as probable or not excluded. The
youngest patient with lactic acidosis was only 20 years old.
Our findings indicate that this methodology is valuable for

comparing the incidences ofADRs to similar drugs. Since ADRs
are underreported,5 however, these figures should not be extra-

polated to "true" incidences. Our study also indicates that
phenformin is more likely than metformin to cause lactic
acidosis. This is a clinical advantage for metformin under the
premise that both drugs are equally effective.

This study was supported by a grant from the Karolinska Institutet.
We are indebted to the National Corporation of Swedish Pharmacies
for providing material from their prescription survey. We also thank
Mr Staffan Ekblom, of the statistical research group, Stockholm
University, for evaluating the statistical methods used.
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Summary and conclusions

In a woman suckling twins it became apparent that both
suckling-induced and precisely timed, spontaneous
bursts of milk ejection were occurring. Observations on
days 14, 28, 56, and 112 of lactation disclosed highly
significant increases in intervals between episodes of
spontaneous milk ejection. Furthermore, at all stages of
lactation the interval between a feed and the next episode
of spontaneous ejection was significantly longer than the
interval between spontaneous ejections.
The decrease in frequency of episodes of spontaneous

milk ejection during lactation may be related to the
decreasing release of prolactin in response to suckling.
Spontaneous milk-ejection episodes are felt only when
the breast is full and may signal its readiness for a
further suckling episode. Such bursts of milk ejection
may stimulate the suckling response in babies, suggesting
that rigid three- or four-hour feeding regimens may be
unphysiological and pose a threat to the success ofbreast-
feeding in the early postnatal period.
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Introduction

In recent years there has been a resurgence of interest in breast-
feeding. An increasing number of women start to breast-feed
their babies, but while many continue to breast-feed for several
months a large proportion stop within a few weeks of leaving
hospital.' 2 The reasons for stopping breast-feeding are many
and varied but we do not know how often it is due to failure or
inadequacy of normal physiological mechanisms.2 Lactation
comprises two separate physiological mechanisms-namely,
milk secretion, which is controlled by prolactin released from
the anterior pituitary in response to the suckling stimulus; and
milk ejection, a neuroendocrine reflex in which oxytocin
released from the posterior pituitary in response to suckling
causes contraction of the alveoli of the breast and ejection of
milk via the mammary ducts and nipple. Whereas the role of
prolactin in lactation has received much attention,3-5 that of
oxytocin and the factors controlling milk ejection have been
virtually ignored.6'0
Milk ejection during suckling may be inhibited by both

physical and psychological stress, and women are more
susceptible to these stresses during early lactation." Newton and
Newton's" 12 classical study also showed that successful breast-
feeders exhibit a greater milk-ejection response to suckling than
unsuccessful breast-feeders, again emphasising the importance
of oxytocin release in the success of breast-feeding.

Oxytocin release occurs in response not only to stimulation of
the nipple during suckling8 9 but also to other factors associated
with breast-feeding-for example, the cry of the baby.6 710 In
addition, in anaesthetised rats, whose young are continually on
the nipples, oxytocin release appears to occur spontaneously at
precisely timed intervals independent of any suckling stimulus;
the pups suckle only after spontaneous milk ejection has
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