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Summary. Lactic acidosis occourred in 6 metformin- 
treated diabetic patients. Five of them had received 
1.6 to 2.4 g metformin per day over a period of 
weeks or years. Acute renal failure, induced by i. v. 
pyelography, arteriography, or severe dehydration, 
preceded lactic acidosis by a few days and apparent- 
ly precipitated it. The sixth patient had normal renal 
function prior to taking a massive overdose of met- 
formin in an attempt at suicide. The metabolic pat- 
tern was very similar to that observed in phenfor- 
min-induced lactic acidosis: severe metabolic aci- 
dosis (pH: 7.02 + 0.95; HCO~: 6.3 + 0.9 mmol/l; 
PaCO2:25 _+ 4mmHg; PaO2:110 + 19 mmHg); 
hyperlactataemia (18.4 + 3.3 retool/l) and high lac- 
tate/pyruvate ratio (51 _+ 5); high blood alanine 
(2.82 + 1.10 mmol/1); high 3-hydroxybutyrate (15.8 
+ 3.3 mmol/1) and high 3-hydroxybutyrate/ 
acetoacetate ratio (26 + 10). Hypoglycaemia (25 to 
60 mg per 100 ml) was observed in 4 patients, in 
spite of high glucagon (760 _+ 148 pg/ml) and low 
insulin (13 + 5 ~tU/ml) levels. A guanidine sub- 
stance was characterized in the plasma at concen- 
trations 45 to 110 ~tg/ml; it was similar to metfor- 
min and distinct from creatinine, according to 
chromatographic and other criteria; its concentra- 
tion in the plasma decreased during dialysis, and the 
same substance appeared in the dialysis effluent. 
The treatment included massive alkalinization (710 
___ 130 mmol/1 i. v. for 48 h), plasma volume expand- 
ers (5630 + 1000 ml/48 h), forced-diuresis and/or 
dialysis, insulin (30 +_ 10 U/48 h) and glucose (300 
_+ 50 g/48 h). - It is concluded that: 1. metformin, 
like other biguanides, can induce lactic acidosis; 2. 
acute renal failure is a prominent causal factor; 3. 
pharmacokinetics of metformin account for this fact 
since metformin cannot be inactivated by the liver 
(as distinct from phenformin) and is normally 
excreted by the kidney; 4. accumulation of 

biguanide is suggested by guanidine assay in the 
plasma; 5. metformin should not be prescribed in 
the presence of renal failure. 

Key words: Metformin, lactic acidosis, acute renal 
failure, blood alanine, pyruvate, 3-hydroxybutyrate, 
acetoacetate. 

From the respective frequency of case reports in 
medical journals, it seems that metformin-induced 
lactic acidosis occurs far less frequently than with 
phenformin. We report 6 diabetic patients with a 
metformin-induced lactic acidosis, very similar in its 
clinical and metabolic patterns to that induced by 
phenformin. 

Methods 

All patients, hospitalized in various medical depart- 
ments for several days or weeks prior to the occur- 
rence of lactic acidosis, were admitted to an inten- 
sive care unit once the acute metabolic complication 
had developed. Collection of biological samples and 
assays for the circulating substrates and hormones 
were performed as previously published [1]. 

Metformin was assayed by a colorimetric method 
[2], slightly modified and tested for specificity [1-3]. 
This method is based upon the reaction of alpha- 
naphthol-diacetyl with the guanidine group of met- 
formin. Preparation of samples was as previously 
published [1, 2] and standard curves for metformin 
were conducted with metformin (Metformin-HC1, 
Aron Inc., Paris, France) added to normal plasma. 
Possible interference with other drugs taken by the 
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pat ients  was inves t iga ted  and  the results were nega-  
tive. P lasma f rom uraemic  pa t ien ts  no t  t rea ted  with 
me t fo rmin  did no t  react  in  the assay. F u r t he r  
charac ter iza t ion  inc luded  th in - layer  ch romatography  
on  Kiese lguhr  plates (Merck 5729)  with ch loroform-  
m e t h a n o l - a m m o n i a  (90 /9 .9 /0 .1  v/v)  as so lvent  and  
the a lpha-naph tho l -d iace ty l  s ta in ing reagen t  [4]; 
color imetr ic  reac t ion  with N a C 1 0  M / 1 0  [5] and  
crystal l izat ion in the presence  of sod ium pheny l -  
t e t r abora te  [5] were  also per formed .  

Case Reports 

Case 1. Male, diabetic, 49 years, 166 cm, 80 kg; 2.4 g/day met- 
formin was given for one week. Because of hypertension (170- 
110 mmHg), spironolactone, furosemide, alpha-methyl-dopa and 
dihydralazine were also prescribed. Serum creatinine was 2.0 
mg/100 ml and blood glucose 400 mg/100 ml. I.v. pyelography 
was performed and the patient became anuric on the following 
day; administration of metformin was continued for two further 
days. On admission (three days after the i.v. pyelography) the 
patient was hypothermic (35.6~ and anuric. Blood pressure 
was 65--40 mmHg, central venous pressure 9 mmHg and heart 
rate 75/min. Hypoglycaemia (55 rag/100 ml) accompanied the 
metabolic acidosis and hyperlactataemia. Glucose (325 g), insulin 
(10 U), plasma volume expanders (4000 ml) and sodium bicarbo- 
nate (425 mmol.) were rapidly administered and haemodialyses 
subsequently performed 1. The patient improved rapidly and was 
discharged a fortnight later; serum creatinine at that time was 1.9 
mg/100 mi. 

Case 2. Male, diabetic, 52 years, 94 kg~ 170 cm; metformin 2.4 
g/day was given for 14 months. Hyperlipaemia and hypertension 
were also present and were treated with propranolol, clonidine, 
furosemide and clofibrate; serum creatinine, at that time, was 3.6 
mg/100 ml. I.v. pyelography was performed and the patient be- 
came anuric on the following day. The same dose of metformin 
was administered for a further 5 days; then lactic acidosis was 
diagnosed. On admission in the intensive care unit, the patient 
was deeply comatose, breathing rapidly (32 per minute) and rela- 
tively hypotensive (140-80 mmHg); central venous pressure was 
5 mmHg, mean pulmonary artery pressure: 8 mmHg, pulmonary 
capillary pressure: 5 mmHg. Administration of insulin (30 U), 
glucose (200 g), plasma volume expanders (3750 ml), sodium 
bicarbonate (1500 mmol) and furosemide (1300 rag) was com- 
bined With peritoneal dialysis. The patient recovered from lactic 
acidosis and acute renal failure, but died following a massive 
hemiplegia two months later. 

Case 3. Female, diabetic, 67 years, 58 kg, 150 cm. Metformin 
(1.6 g/day) was given over a period of 15 years with the recent 
addition of glibenclamide 10 mg/24 h. Diabetes mellitus was as- 
sociated with coronary artery disease and peripheral arterial dis- 
ease: myocardial infarctions had occurred in 1970, 1973 and Feb- 
ruary 1975. When hospitalized (April 1975) serum ereatinine was 
2.0 mg/100 ml and blood glucose 90 rag/100 ml. Aortography 
was performed and the patient became anuric within a few hours. 
Severe hypoglycaemia occurred 24 h later; the giibenclamide was 
stopped, but not the metformin. The patient remained semi- 
comatose and anuric in spite of administration of plasma volume 

1 The various treatments mentioned are those administered dur- 
ing the first 48 h 

expanders (2300 ml) and furosemide (330 mg). Blood pressure 
was 150-90 mmHg and central venous pressure 2 mmHg. In 
spite of repeated haemodialyses, the metabolic acidosis rapidly 
worsened and a second hypoglycaemic episode occurred (25 
mg/100 ml). Serum creatinine at that time was 4.8 rag/100 ml. 
The mefformin was stopped and haemodialyses were repeated. 
The patient recovered from acute renal failure and lactic acidosis, 
but died from myocardial infarction one month later. 

Case 4. Female, 66 years, 76 kg, 170 cm. Diabetes mellitus, high 
blood pressure and hyperlipaemia were diagnosed (1975) follow- 
ing a sudden left hemiplegia. Serum creatinine was 1.1 mg/100 
ml and fasting blood glucose 290 mg/100 ml. She was given met- 
formin 1.6 g/day for 10 months; administration of the drug was 
interrupted on several occasions because of gastric intolerance, 
then resumed. 240 mg gentamycin per day was added because of 
an urinary infection. Acute gastroenteritis then induced severe 
dehydration and anuria. The patient was comatose and polypneic. 
Blood pressure was 120-90 mmHg, central venous pressure 3 
mmHg. Serum creatinine at that time was 3.0 mg/100 ml and 
blood glucose 45 mg/100 ml. Administration of plasma volume 
expanders (7000 ml), sodium bicarbonate (560 mmol.) and 
furosemide (325 mg) was followed by the restoration of urine 
flow; the patient progressively recovered from acidosis, hyperlac- 
tataemia and acute renal failure. 

Case 5. Male, diabetic, 38 years, 60 kg, 170 cm. Mefformin 1.6 
g/day was given for 6 weeks. He then took 24 g metformin plus 
phenobarbital and opipramol in an attempt at suicide. He was 
admitted to hospital 10 h later, deeply comatose, hypothermic 
(34.5) and anuric; blood pressure was 110-70 mmHg and pulse 
rate 100/min. Respiratory rate was 20/min. in spite of a deep 
metabolic acidosis, presumably because of the associated pheno- 
barbital intoxication; concentration of phenobarbital in plasma 
was 50 ~tg/ml on admission; ethanol, methanol and acetyl salicylic 
acid were not detectable. Serum creatinine was 0.8 mg per 
100 ml. Respiratory assistance was provided; peritoneal dialysis, 
sodium bicarbonate (1260 mmol.) and furosemide (280 mg) were 
administered. The patient remained anuric, collapsed and died 30 
h after admission. Serum creatinine was 3.0 mg/100 ml before 
death. 

Case 6. Female, diabetic, 65 years, 47 kg, 144 cm; 1.6 g of met- 
formin was given per day over a period of 15 years. Several 
episodes of gastroenteritis were followed by dehydration. When 
admitted, the patient was anuric, hypothermic and comatose. 
Blood pressure was 120-80 mmHg. Blood glucose was 60 
mg/100 ml; serum creatinine, which had been 3.1 mg/100 ml 
some weeks earlier, was 7.5 mg per 100 ml; sodium bicarbonate 
(600 mmol.), furosemide (500 mg), plasma volume expanders 
(6000 ml), glucose (50 g) and insulin (20 U) were given. The 
patient recovered. 

Results 

Precipitating Factors (Table 1) 

All  pa t ients  had b e e n  t rea ted  with me t f o r m in  for 
weeks to years. Overdosage ,  due  to psychotic be -  
haviour ,  occurred in pa t ien t  n ~ 5. Usua l  doses (1.6 
to 2.4 g/day)  had  b e e n  given despi te  k n o w n  chronic  
rena l  fai lure in pat ients  n ~ 1, 2, 3, 6. 

A c u t e  rena l  fai lure was present ,  on  admission,  in 
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Table 1. Precipitating factors in 6 patients with mefformin-induced lactic acidosis 
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Serum Serum 
Metformin creatinine creatinine 

Case N ~ g/day Cause of anuria mg/100 ml rag/100 ml 
prior to on 
anuria a admission 

Associated diseases Other drugs 

1. 2.4 Pyelography 2.0 6.8 Mitral stenosis 
8 days 

2. 2.4 Pyelography 3.6 9.6 Hypertension 
14 months Cardiac failure 

3. 1.6 Arteriography 2.0 4.8 Myocardial infarction 
15 years Limb arteriopathy 

4. 1.6 Gastroenteritis 1.1 3.0 Hypertension 
10 months Dehydration 

5. 1.6 Shock 0.8 0.8 b Psychosis 
6 weeks Alcoholism 
+ 24 g Peptic ulcer 
(overdose) 

6. 1.6 Gastroenteritis 3.1 7.5 Urinary infection 
15 years Dehydration 

Dihydralazine 
Spironolactone 
Furosemide 

Propranolol 
Clonidine 
Furosemide 
Clofibrate 

Glibenclamide 

Gentamycin 

Opipramol 
Phenobarbital 
(overdose) 

a Samples for creatinine had been routinely collected a few days before the acute metabolic events 
b Creatinine was 3.0 mg/100 ml 24 h later 

Table 2. Substrates and hormones in plasma on admission 

Case N ~ 
3-Hydroxy- Aceto Free fatty Free 

Glucose Lactate Pyruvate Alanine Butyrate acetate acids glycerol Glucagon Insulin 
rag/100 ml mmol/1 mmol/1 mmol/l mmol/1 mmol/l mmol/l mmol/1 pg/ml ~tU/ml 

1. 55 7.2 0.13 1.32 23.0 0.52 0.72 0.080 565 5 
2. 200 13.2 0.29 1.26 15.4 0.74 0.68 0.340 1200 15 
3. 25 13.0 
4. 45 20.0 0.50 0.91 17.5 0.70 0.300 660 5 
5. 270 39.0 0.60 7.80 7.2 0.74 0.42 0.680 612 26 
6. 60 18.0 

mean 109 18.4 0.38 2.82 15.8 0.67 0.63 0.350 760 13 
SEM 41 3.3 0.10 1.10 3.3 0.07 0.07 0.123 148 5 

Non diabetic controls (8) 
mean 77 1.1 0.110 0.45 0.016 0.118 0.310 0.096 95 16 
SEM 2 0.1 0.003 0.03 0.001 0.005 0.050 0.016 18 7 

all patients (Fig. 1). I.v. pyelography (patients n ~ 1 
and 2), arteriography (patient n ~ 3) or acute dehy- 
dration induced by gastroenteritis (patients n ~ 4 and 
6) preceded the renal failure. Haemodynamics were 
not dramatically modified when lactic acidosis was 
diagnosed, except in patient n ~ 1. The time-relation- 
ship between the probable cause for anuria, then re- 
nal failure and the appearance of lactic acidosis sug2 
gests strongly that in patients n ~ 1, 2, 3, 4, 6 anuria 
was not the consequence of lactic acidosis but its 
precipitating cause. In patients n ~ 2 and 6, the first 
blood samples collected showed a sharp rise of 

blood lactate. In patient n ~ 5, the shock following 
overdosage of various drugs seems to have caused 
anuria and the rise of creatinine, which was initially 
normal. 

A cardiopathy and/or a severe angiopathy were 
present in patients n ~ 1, 2, 3, 4; diuretic or an- 
tihypertensive treatment had been recently started 
in patients n ~ 1 and 2 and gentamycin administered 
in patient n ~ 4: all possible adjuvant factors for a 
rise of serum creatinine and a decrease in renal ex- 
cretion of metformin. 

Liver function was normal in all patients includ- 
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Table 3. Time-course of metabolic changes in patient 2 during 
the therapeutic period 

Day Number 

1 2 3 4 5 

Blood glucose (rag/100 ml) 200 335 105 150 220 
Lactate (mmol/1) 13.0 24.0 13.0 3.2 1.2 
Pyruvate (mmol/1) 0.29 0.29 0.23 0.12 0.01 
L/P ratio 45 83 56 26 13 
Alanine (mmol/1) 1.80 3.00 1.70 0.32 0.16 
3-hydroxybutyrate (mmol/1) 16.0 13.2 3.1 0.2 0.2 
Acetoacetate (rnmol/l) 0.76 0.54 0.11 0.02 0.02 
Free fatty acids (mmol/1) 0.72 0.28 0.38 0.40 0.40 
Free glycerol (mmol/l) 0.22 0.14 0.12 0.09 0.09 
Glucagon (pg/ml) 1200 820 520 610 400 
Insulin (~U/ml) 15 42 42 38 40 
Growth hormone(ng/ml) 1.0 1.2 1.8 1.2 1.2 
Cortisol (~tg/100 ml) 67 29 31 16 16 

Treatment 
Plasma volume expanders (ml) 
NaHCO 3 i.v. (mmol/l) 
Furosemide (mg) 
Glucose i.v. (g) 
Insulin (units) 
Dialysis 

1250 2000 500 
80 720 320 375 
250 560 450 
100 100 

30 25 20 20 
Peritoneal Haemodialysis 
Dialysis 

"41 Fig. 1. Time-relations between acute renal failure and the onset 
of lactic acidosis (LA). Initial values (prior to anuria and LA) 
were collected in the hospitalized patients a few days before the 
occurrence of anuria. Day N ~ 1 is defined by the diagnosis of lac- 
tic acidosis. Individual symbols and curves correspond to patients 
n ~ 1 (.), 2 (A), 3 (o), 4 (A), 5 (ll) and 6 (Q) 

Table 4. Associated factors in 8 published cases of metformin-induced lactic acidosis 

Refer- Metformin dose Cause for Serum creatinine (C.) Associated 
ences g/day (duration) renal failure or blood urea (U.) diseases 

(6) 2 g; (4 days) Glomerulosclerosis C. = 5.0 mg/100 ml 
(7) 4.5 g; (2 years) Limb Surgery? U. = 130 mg/100 ml Arteriopathy 

Gangrene of toes 
(8) N ~ 1 1 g; (years) i.v. pyelography Not mentioned Hypertension 

N ~ 2 1.6 g; (years) cirrhotic hypovolaemia U. = 75 mg/100 ml Liver cirrhosis 
(9) N ~ 1 1.6 g; (7 years) Low molecular weight C. = 7.5 mg/100 ml 

Dextran i.v. 
N ~ 2 1.6 g; (5 years) Unknown C. = 5.5 mg/100 ml 

(10) N ~ 1 1.6 g; (years) Unknown Not mentioned 
N ~ 2 1.6 g; (years) Cardiac failure Not mentioned Cardiac failure 

ing n ~ 5; in this  p a t i e n t  an  acu te  a lcohol ic  in tox ica -  
t ion  was  e x c l u d e d  b y  e thano l  assay in p la sma .  

Metabol ic  S tudy  

A l l  pa t i en t s  exh ib i t ed ,  on  admiss ion ,  the  m e t a b o l i c  
c r i t e r ia  fo r  s eve re  m e t a b o l i c  acidosis :  m e a n  b l o o d  
p H  7.02 • 0 .95;  HCO~:  6.3 + 0.9 mmol/1;  PaO2:  
110 • 19 m m H g ;  P a C O 2 : 2 5  • 4 m m H g .  

T h e  c o n c e n t r a t i o n s  of c i rcu la t ing  subs t r a t e s  and  

h o r m o n e s  on  admiss ion  is shown in T a b l e  2. B l o o d  
g lucose  level  was low in 4 pa t i en t s  whi le  the  2 o the r s  
were  hype rg lycaemic .  T h e  high b l o o d  l ac ta t e  con-  
c e n t r a t i on  (18.4  _+ 3.3 mmol/1)  was a s soc ia t ed  wi th  
high L / P  ra t ios  (51 ___ 5) and  high b l o o d  a l an ine  
concen t r a t i ons  (2 .82 __ 1.10 mmol/1) .  H y d r o x y b u t y -  
r a t e  level  was e l e v a t e d  (15.8  • 3.3 mmol/1)  and  the  
r a t io  h y d r o x y b u t y r a t e / a c e t o a c e t a t e  was  h ighe r  than  
n o r m a l  (26 • 10). This  h y p e r k e t o n a e m i a  c o n t r a s t e d  
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with the moderate increase of free fatty acids (0.63 
_+ 0.07 mmol/1). High glucagon values (mean: 760 
_ 148 pg/ml) were accompanied by normal or low 
insulin values (mean 13 + 5 ~tU/ml). As expected 
from severely stressed patients, growth hormone 
and cortisol were high, respectively: 11.5 _+ 4.8 
ng/ml and 44 + 12 ~tg/100 ml. The time-course of 
the metabolic disturbances is shown in Figure 2 and 
detailed for patient n ~ 2 in Table 3; blood lactate 
and alanine did not return to near-normal values be- 
fore the 4th day of treatment; the decrease in 3- 
hydroxybutyrate and free fatty acids occurred soon- 
er. An alkaline overshoot was noted on the 4th or 
5th day in all the patients who recovered from lactic 
acidosis. 

Guanidine Derivative Results 

Plasma samples from patients n ~ 1, 2, 4, 5 revealed 
high concentrations of an abnormal guanidine de- 
rivative ranging from 45 to 110 ~g/ml (Fig. 3); this 
was not investigated in patients n ~ 3 and 6. Plasma 
from uraemic patients, not treated with metformin, 
plasmas from metformin-treated subjects with nor- 
mal renal function, and control peritoneal dialysis 
fluid yielded undetectable values. Thin-layer chro- 
matography demonstrated RF values identical to 
that of metformin and different from that of cre- 
atinine. The same substance was present in the ef- 
fluent peritoneal fluid from patient n ~ 2. Repeated 
measurements demonstrated a progressive decrease 
in the plasma metformin level during the therapeutic 
course. Neutralized plasma extracts, in the presence 
of NaC10 0.1 M, gave the colorimetric reaction of 
metformin, with a maximal absorption at 380 nm. 
Crystallization in the presence of sodium-phenyl- 
tetraborate yielded hexagonal crystals similar to 
those obtained with metformin. 

Discussion 

Only 8 case records of lactic acidosis associated with 
a metformin treatment exclusive of other biguanides 
have been published compared with near two hun- 
dred published cases of phenformin-associated lactic 
acidosis [1, 12-16]. Data derived from [17] indicate 
that biguanide consumption in France, for 1975, was 
92,054 kg metformin and 1,418 kg phenformin; as- 
suming a mean daily intake of 2 g metformin or 0.1 
g phenformin per patient, 165000 patients may 
have been on biguanide therapy in France that year: 
76% of them on metformin and 24% on phenfor- 
rain, a very different proportion from certain other 
countries [18, 19]. Metformin is approximately 20 
times less active than phenformin [20]; this much 
lower hypoglycaemic potency is believed to be due 
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to differences in lipophilic properties and binding to 
the mitochondrial membrane [21-23], but the 
mechanism of action seems to be basically the same 
for both drugs [23-29]. The metabolic pattern in the 
present cases was strikingly identical to that ob- 
served in phenformin-associated lactic acidosis [1, 
12-16, 30-32] and experimental phenformin-in- 
duced lactic acidosis in rats [33]. If differences do 
exist between metformin and phenformin regarding 
the frequency of adverse reactions in patients, these 
may be related to differences in pharmacokinetics 
rather than mechanism of action. 

Metformin is normally very rapidly excreted by 
the kidney [34, 37] and not metabolized at all by the 
liver, as distinct from phenformin [38-40]. Acute 
renal failure seems to have played a vital role in the 
precipitation of lactic acidosis in 5 of our patients 
and in most of the cases published by others (Table 
4). Arteriography, pyelography, i.v. infusion of low 
molecular weight dextran or large doses of gentamy- 
cin, could account for the occurrence of anuria 
[41-43]. The hypothesis of metformin accumulation 
seems strongly supported by the experience of pa- 
tient n ~ 3 and by the high concentration of biguanide 
measured in the plasma from patients n ~ 1, 2, 4, 5; 
concentration in the liver must have been even high- 
er [34-37]. Acute renal failure may have also re- 
duced the metabolism of lactate by the kidney 
which, normally, can metabolize up to 30% of a lac- 
tate load [44, 45]. This occurred precisely when 
hepatic gluconeogenesis and lactate uptake by the 
liver were impaired under the influence of biguanide 
accumulation, metabolic acidosis and poor haemo- 
dynamic state. It has been known for years that met- 
formin is excreted by the kidney: continuation of 
metformin treatment in spite of anuria can be ac- 
counted for by ignorance of the pharmacokinetics of 
the drug outside the specialised diabetic clinics. 
Whether chronic renal failure can favour accumula- 
tion of metformin and the triggering of lactic 
acidosis remains unclear from our case records. 
However since an elevation of serum creatinine oc- 
curred readily in association with acute gastroen- 
teritis or diuretic treatment, etc., the long-term pre- 
scription of metformin in such patients seems rather 
hazardous: a chronic elevation of serum creatinine 
should be a clear indication for not giving met- 
formin. 

The therapeutic management proved efficient. 
since 5 out of 6 patients recovered from the acute 
metabolic event. Early and massive alkalinization is 
a possible physiopathological treatment, restoring 
liver enzymic activities [44, 45]; this therapy was as- 
sociated with forced diuresis and dialysis; relatively 
low amounts of insulin and glucose were adminis- 
tered [46, 47]. Because of the possible risk of pul- 
monary hypertension [48], the infusion of large 

amounts of plasma volume expanders was carried 
out with concomitant measurements of central ven- 
ous blood pressure. Two patients died because of 
secondary vascular complications. Biguanides, as 
fibrinolytic agents, may be used in patients with im- 
paired cardiovascular and renal status [49]. In such 
patients, metformin or other biguanides cannot be 
regarded as mild, harmless drugs. Metformin, like 
phenformin, buformin [50], formerly synthaline [51 
and 52] and occasionally another guanidine deriva- 
tive, pentamidine or Lomidine | [53], can induce lac- 
tic acidosis in the presence of renal failure. It must 
be emphazised that biguanides should not be used in 
patients with renal failure and that the treatment of 
diabetes with intercurrent illness is Insulin. 
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