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been extensively discussed.1 2 49 Clearly overdosage may play
a part, but Sadow3 thought that in therapeutic doses the role of
phenformin is only incidental. In our study there was no
selection bias in favour of phenformin-treated patients and the
large proportion of such patients among those with non-ketotic
lactic acidosis strongly suggests an important role for the drug.
Furthermore, of these 15 patients on phenformin seven had
either started the drug or received a dose increase within the
month before presentation, a finding similar to that of Cohen
et al.2

Nevertheless, clearly there was often associated disease. All
non-ketotic patients were azotaemic on presentation, but the
presence of underlying renal disease could only be suggested if
serum urea or creatinine was raised before presentation,
remained raised after recovery, or if necropsy evidence of
chronic renal disease was obtained. One or more of these
criteria were satisfied in eight (500() cases, a prevalence in
keeping with the review of Cohen et al.2

In only one patient (case 10) was recent myocardial infarction
identified, though in a further six cases previously confirmed
myocardial infarction or chronic ischaemic heart disease was
noted. Eleven patients (69'") had previously diagnosed hyper-
tensive heart disease, of whom six were receiving treatment for
left ventricular failure. No patient had evidence of alcoholism
or clinical or biochemical evidence of liver disease.
Our findings do not support a significant role for tissue under-

perfusion, as reflected by peripheral circulatory failure or severe
dehydration, in the genesis of the hyperlactataemia. Further-
more, 10 patients with hyperosmolar coma seen concurrently
during the study, some with severe hypotension, all had lactate
levels under 3-0 mmnol/l (27 mg/100 ml).
The mechanism whereby these various factors might pre-

dispose to lactic acidosis is not clear. The presence of even a
minor degree of cardiac failure might cause congestion and
diminished perfusion of the liver, which normally has a large
capacity for lactate clearance and possibly plays a central part
in the aetiology of lactic acidosis, as suggested by Berry.1 0

Impairment of renal function may be relevant to clearance of
phenformin itself, but information on this point is lacking.

Management of lactic acidosis was by conventional means
except in five patients, who underwent additional peritoneal
dialysis."1 A detailed appraisal of this form of treatment is being
prepared.1 2

The other major biguanide drug, metformin, had only rarely
been prescribed in the population studied and no case of lactic
acidosis was associated with it. Even in France, however, where
it is used more extensively reports of associated lactic acidosis
have been only sporadic.13 14
With the revised diagnostic criteria proposed above, lactic

acidosis in diabetic patients is seen to be a syndrome of high
mortality (6300) that occurs almost exclusively in the setting of
cardiovascular or renal insufficiency, or both, in patients receiving
phenformin. We suggest that in addition to the contraindication
of coexistent hepatic disease phenformin should not be prescribed
for patients with any evidence of impaired renal function,
hypertension, ischaemic heart disease, or cardiac failure, and
that serum creatinine should be estimated periodically in
patients receiving phenformin. Particular caution is indicated in
patients over the age of 60, possibly because of the age-related
incidence of these risk factors.
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Comparison between ibuterol hydrochloride and
terbutaline in asthma
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Summary

The bronchodilating effect, circulatory effects, and
subjective side effects of ibuterol hydrochloride, the
di-isobutyric acid ester of terbutaline, at two dose levels
(2 and 4 mg) were compared with those of5 mg terbutaline
sulphate in a double-blind cross-over study on 12 patients
with asthma. Both drugs were given by mouth. The
2-mg dose of ibuterol had the same bronchodilating
effect during the first three hours as 5 mg terbutaline.
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The 4-mg dose, however, produced a significantly greater
increase in the peak expiratory flow rate between the
30th and 120th minutes than terbutaline. No significant
changes in heart rate or pulse amplitude were noted,
and there was no difference in the incidence of subjective
side effects between ibuterol at either dose level and
terbutaline.

Introduction

The development of drugs acting selectively on r,-receptors'
greatly advanced the treatment of obstructive lung diseases.
They have a preferential action on the bronchial tree, thus
causing fewer circulatory side effects in relation to their effects
on the bronchial constriction. The best known of these drugs are
salbutamol and terbutaline.3 Their molecular configuration
protects them against two inactivating enzymes in the body,
catechol-O-methyltransferase and monoamine oxidase,4 which
ensures a prolonged effect after administration by mouth.

Ibuterol hydrochloride, a diester of terbutaline,5 is relatively
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more active when given by mouth than its parent drug, both
in animals and in circulatory studies in healthy volunteers.6 7

It is efficiently absorbed and then hydrolysed by blood and tissue
esterases to terbutaline.8 Intact ibuterol hydrochloride has no

52-stimulating effect per se6 and should be regarded as a "pro
drug" to terbutaline.

This first clinical trial of ibuterol hydrochloride aimed
to ascertain its bronchodilating effect and to compare its onset
of action, maximum bronchodilating effect, and side effects
with those of a standard dose of terbutaline. Both drugs were

given by mouth.

Patients and methods

Twelve patients were studied. All had been admitted to hospital
for an acute attack of bronchial asthma, for which they had initially
received conventional treatment. When the experiment started their
airways obstruction was relatively stable. Any drugs that could possibly
interfere with the test were withdrawn eight hours before the start
of the experiments. Steroids and expectorants, when given, were kept
in fixed doses throughout. A criterion for the inclusion of the results
of any of the experiments in the analysis was that the pretreatment
peak expiratory flow rate (PEFR) should not exceed 800,, of the
maximum value reached with any of the drugs on any of the experi-
ment days.
The trial was performed during three consecutive days and designed

as a double-blind comparison between two dose levels of ibuterol
hydrochloride (2 and 4 mg) and 5 mg terbutaline sulphate, tablets
of identical appearance being used. The dose levels of ibuterol
hydrochloride were established in a pilot study. The patients served
as their own controls and the order of treatment was randomised by
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using a latin-square design. All experiments started at 7.30 am and
the patients were studied for three hours.
PEFR was measured using a Wright peak-flow meter with the

patient sitting. PEFR was recorded before administration of the drug
and at 10, 20, 30, 45, 60, 90, 120, and 180 minutes afterwards. Three
measurements were made on each occasion, the highest value being
used for the calculations. Blood pressure (cuff method) and heart rate
were measured with the patient supine.

After 30, 60, 120, and 180 minutes the patients were asked in a

standardised way whether they had any discomfort that might have
been caused by the drug. Spontaneous remarks by the patients were

also noted as well as any other relevant observation. A specially trained
nurse helped with the experiments. Student's t test was used to
evaluate the results.

Results

PEFR-The mean pretreatment PEFRs were: 249 1/min (ibuterol
2 mg), 257 1/min (ibuterol 4 mg), and 263 1/min (terbutaline 5 mg),
the differences not being significant. The changes in PEFR and the
mean maximum increases are shown in table I. At no time during the
observations was there any statistically significant difference between
the effects of 2 mg ibuterol and 5 mg terbutaline. The 4-mg dose
of ibuterol, however, produced a greater increase in PEFR than 5 mg
terbutaline, particularly between the 30th and 120th minutes after
administration (table I).

Heart rate and pulse amplitude-Changes in heart rate and pulse
amplitude are shown in tables II and III respectively. The initial
values were similar in the three groups, and there were no significant
changes at any time during the three hours of observation.

Side effects-Direct questioning elicited no side effects. Minor
complaints, however, were made spontaneously by four patients,

TABLE i-Mean PEFR (1/min) ± SE of mean in 12 patients before intake of drugs (initial value) and changes at 10 to 180 minutes afterwards. Significant differences
from initial values are indicated

Changes after drug intake Mean
Drug Dose Initial maximum

(mg) value 10 min 20 min| 30 min 45 mnin 60 min 90 min 120 min 180 min increase

Ibuterol hydrochloride 2 249 +20 9 -4 ±7-8 11 - 99 19 +13-6 33* ± 12-5 35* 13.7 70***±13 3 69**±16-9 83*** ± 11-3 91-6±11 4lbuterol hydrochlo e 4 257 ±23-1 10±7-4 24 ±12-7 i44** L13-9 60*** 12-8 85***±11-5 92***±10-9 93***+11-3 86***±13-3 108-4±9-6
Terbutaline sulphate 5 263±+22 7 3+L5 9 6 ±6-2 23* 6-8 37** 10-5 50***±11 0 65*** ±8-8 72*** ±8-1 79***81 86390

Ibuterol 4 mg v
teburtalene 5 mg NS NS P<0 05 P <0O01 P<0 01 P<0 05 P<0 05 NS P<0 01

*P<0 05, almost significant. 6*P<0 01, significant. *P6<<0-001, highly significant. NS= Not significant.

TABLE 1I-Mean pulse rate (beats/min) ± SE of mean in 12 patients before intake of drugs (initial value) and changes at 10 to 180 minutes afterwards. No signifi-
cant differences from initial values were recorded

Drue Dose Initial IChanges after drug intake

(mg) value 10 minm 20 min 30 min 45 min 60 min 90 min 120 min 180 min

Ibuterol hydrochloridel 2 74512±393 -03±18 13±15-073±21 -0053±20008±2-8 -057±291 -22±27 -23±29
4

s 74-1±2-9 --0±15-8 07±232 03 281 -02±-2±|7 5±453-6±5- 2-9 10+2-1 -0 1±24-Terbutaline sulphate 5 74-7 ±2-9 -03±08 -0-3±1-7 -0-7±15 -15 ±1-2 - 14±16 -0-8±2-7 01±2-4 - 10±3-6

TABLE iII-Mean pulse amplitude (mm Hg) ± SE of mean in 12 patients before intake of drugs (initial value) and changes at 10-180 minutes afterwards. No signi-
ficant differences from initial values were recorded

Changes after drug intake
Drug Dose Initial __

(mg) value 10 min 20 min 30 min 45 min 60 min 90 min 120 min 180 min

lbuerlhdrchlrie 2 80±4-1 -1-2±16 -13±2-0 -4.4±2-6 -2-6±2-5 2-29±28 -4-4±2-6 -6-3±2-3 -3-8±3-6
532±36 03±21 03t24 0816 43±27 26±25 52±24 24±26 08±28

Terbutaline sulphate 5 55-3 ±4-4 - 5-5±4-1 0-7 ±3 0 - 2-4±3-1 1-5 ±4-1 2-0 ±2-6 -0-4±3-4 -2-1±3-2 2-4±t-3-5

TABLE IV-Side effects reported spontaneously by patients

Ibuterol hydrochloride Ibuterol hydrochloride Terbutaline sulphate
Case 2 mg 4 mg 4 mg
No

Side effect Duration Side effect Duration Side effect Duration

6 Slight headache 10 min
9 Dizziness 30 min
10 Palpitations 30 min Palpitations 30 min Palpitations 30 mIin
12 Flush 5 min
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one of whom reported palpitations for 30 minutes on every experi-
mental day (table IV).

Discussion

These results show that ibuterol hydrochloride in the doses
given relieves bronchial obstruction in asthma without causing
circulatory effects. The equivalent weights of ibuterol hydro-
chloride and terbutaline sulphate are 402 and 274 respectively.
Thus 2 mg ibuterol hydrochloride corresponds to 1 36 mg
terbutaline sulphate, and after hydrolysis this dose of ibuterol
hydrochloride has the same bronchodilating effect during the
first three hours after administration as a single 5-mg dose of
terbutaline sulphate.

Ibuterol hydrochloride thus seems to produce a bronchodilat-
ing effect that is more than three times that of terbutaline
sulphate during the first three hours after administration. This
ratio of activity is somewhat greater than the ratio reported for
circulatory effects by Hoglund et al.' Moreover, the differences
in spirometric response during the first two hours indicate that
ibuterol hydrochloride has a faster onset of action than ter-
butaline; this agrees well with the observations of Hoglund et al.7
The therapeutic response to a dose of ibuterol hydrochloride

by mouth indicates that one of the basic ideas behind the "pro
drug" concept is fully achieved 9; by using ibuterol hydrochloride
as a pro drug to terbutaline an increased degree of utilisation of
the generated amount of terbutaline is achieved. This leads us
to believe that ibuterol hydrochloride may be more effective
in the treatment of asthma and bronchitis than tubertaline.
Further investigations will be needed to confirm this.

We are grateful to Mrs Kerstin Norberg-Hultman for skilful
technical help.
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Value of determination of oxygen consumption in tetanus *
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Summary

Oxygen consumption (Vo,) was determined in 10 patients
with moderate tetanus. The mean (4-SE) Vo, of 425 2+
50 3 ml/min on admission fell significantly to 249 9+
131 ml/min standard temperature and pressure dry
(STPD) after parenteral diazepam. There was also a
significant fall in minute ventilation after administra-
tion of diazepam. The results suggest that the simple
practical determination of Vo, will be of immense value
in assessing the efficacy of muscle relaxants, assessing
the severity of tetanus, and determining the calorie needs
of patients.

Introduction

For many years the effectiveness of sedatives with muscle
relaxant and anticonvulsant properties in tetanus has been
assessed by measuring interdental distance,' and by morbidity
and mortality statistics.2-5 These methods of assessment, while
acceptable in tropical medical practice, have many short-
comings. We have measured oxygen consumption (Vo,) before
and after the administration of diazepam in patients with
tetanus, and we report here the results that have encouraged us

*This paper was presented in part at the 4th International Conference on
Tetanus, Dakar, Senegal, 6-13 April 1975.
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to recommend the measurement of Vo2 in assessing drugs with
muscle relaxant properties in tetanus.

Patients and methods

Ten patients with moderate tetanus were studied as soon as they
reached hospital. They had trismus with hypertonicity of chest wall
and abdominal muscles as well as infrequent spasms. Expired gas was
collected through a non-return valve system over five minutes into a
150-litre Douglas bag. The latter was connected to a standard volume
gas meter and oxygen (Taylor Servomex (type OA 272)) and carbon
dioxide (infrared gas analyser, Analytical Development Co Ltd)
analysers previously calibrated with known gas mixtures. Oxygen
consumption was derived from a product of minute ventilation (VE)
and oxygen extraction. Values of Vo2 and VE were corrected to
standard temperature and pressure dry (STPD) and body temperature
and pressure saturated (BTPS) respectively. The respiratory quotient
(R) was calculated from Vco2/Vo2. The patients later received
parenteral diazepam (Valium) in doses of 5 to 60 mg. After 15 minutes
expired gas samples were again collected.
The energy expenditure of the patient with the highest V02 (case 8)

was calculated assuming that 1 litre of Vo2 was equivalent to 0-02 MJ
(5 kcal) and that the measured value of V02 during the five minute
collection period (pre-diazepam) was constant for the whole day.
Predicted VE was derived from the formula: VE (1/min BTPS)=
22 Vo2 (l/min)+2.6 Oxygen consumption was also determined among
12 laboratory staff (8 men and 4 women) in a supine resting state
three hours after a meal.

Results

In table I the age, sex, weight, and Vo2 before and after diazepam
are shown. The mean (± SE) Vo2 on admission (4252 - 50 3 ml/min)
fell after parenteral diazepam to 2499913-1 ml/min (t paired = 379;
P <0 005). The fall in VO2 was paralleled by a concomitant fall in VIE.
The mean VE of 154 ±1-25 1/min fell to 104±037 1/min after
parenteral diazepam (t paired=4 54; P<0 001). The differences
between the mean predicted values of VE and the observed values
were highly significant (table II). The Vo2 values before and after
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