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Summary. A fatal case of lactic acidosis in a 84 year 
old diabetic woman taking buformin is reported. 
Buformin concentrations in serum, other body fluids 
and tissues were measured by gas chromatography. 
Serum buformin concentration at admission was 
5.5 mg/1. PoStmortem concentrations were: in serum 
3.2 mg/l; in lung 2.8mg/kg wet weight; in heart 
3.0mg/kg; in pericardial fluid 3.5 rag/l; in liver 
5.2 mg/kg; in bile 6.3 rag/l; and in kidney 98 mg/kg. 
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Biguanides may cause lactic acidosis..Clinical obser- 
vations and experimental research have given a bet- 
ter understanding of the circumstances under which 
lactic acidosis may develop and of the pathophy- 
siological mechanisms that form its basis. However, 
few data are available on the concentrations of these 
drugs in plasma, other body fluids and tissues both 
during normal therapy [1] and when lactic acidosis 
has developed [1, 2, 3, 4]. 

A case of fatal lactic acidosis during treatment 
with buformin, in which concentrations of the drug 
were measured, is described. 

Case Report 
An 84 year old woman was admitted to the University Hospital, 
Utrecht because of subcoma, haematemesis and hypotensi0n. She 
was a known diabetic with hypertension and was treated with diet, 
tolbutamide (500 mg 3 times a day), buformin (100 mg 2 times a 
day) and a-methyldopa (250 mg 2 times a day). Buformin was 
commenced 2% years before admission. Serum creatinine had 
always been within normal limits. 

At admission the patient was unconscious with hyperventila- 
tion. The pulse rate was 80/rain, irregular and inequal. Blood 
pressure was 90/60 mm Hg and temperatur e 35.5 ~ Skin turgor 
was normal, Laboratory data included: haemoglobin 8.0 mmol/l 
(12.8 g/dl), haematocrit 0.42, blood glucose 7.2retool/l, urea 
14.9 mmol/I, creatinine 285 Umol/l, Na § 138 retool/l, K + 
4.8mmol/l, CI-  91mmol/I, bicarbonate 5.5retool/l, Ca ++ 
2.60 retool/l, lactate 29.8 retool/l, aniongap 41.5 mmol/l. Arterial 

blood: Po,. 132 mm Hg, Pco., 10.5 mm Hg, pH 6.83. Liver-function 
tests and plasma proteins were normal. Chest X-ray was normal. 
The ECG showed artrial fibrillation and slight nonspecific ST- 
depression in all leads. A stomach tube was inserted and old blood 
found. 

Subsequent Progress 

Therapy with IV bicarbonate, up to 420 retool, was started and 20 
U insulin (Actrapid) was given. Fluid replacement with ~500 ml 
plasma and 1500 ml of an isotonic saline-glucose solution was 
added to the bicarbonate therapy. Methylprednisolone 1000 mg 
and digoxm were administered intravenously. The condition of the 
patient deteriorated and she died 6 h after admission. 

Postmortem Results 

A postmortem was performed.(J. K. Vette, Institute for Pathglogy, 
State university, Utrecht) and showed diffuse hyalinisation of-the 
islets of Langerhans, slight diffuse atheroscterosis of the coronary 
arteries, and intracapiUary diabetic glomerulosclerosis and ather- 
osclerosis in the kidneys. 

Buformin Concentrations 

Buformin concentrations were determined by gas chromatography 
[5]. At admission the serum buformin concentration was 5.5 mg/1. 
Postmortem concentrations of the drug were: in serum 3.2 mg/l; in 
lung 2.8 mg/kg wet weight; in heart 3.0 mg/kg; in pericardial fluid 
3.5 rag/l; in liver 5.2 mg/kg; in bite 6.3 rag/l; in kidney 98 mg/kg. 

Discussion 

The causes that initiated the lactic acidosis in this 
patient cannot be established with certainty. The 
haemoglobin concentration and the absence of clini- 
cal and postmortem signs of a large haemorrhage 
make it unlikely that marked hypovolaemia was 
important. 

For 21A years her diabetes mellitus had been ade- 
quately controlled by an unchanged therapeutical 
regimen. However, renal function was disturbed at 
admission. It is possible that some time before the: 
occurrence of lactic acidosis a developing diabetic 
nephropathy and the existing hypertension had led to 
a decrease of renal function. This could have caused 
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accumulation of b u f o r m i n  and subsequently lactic 
acidosis [6]. The acidosis may have caused cardiac 
failure [7, 8], a further  decrease of renal function [9] 
and a f u r t h e r  increase of the  severity of the lactic 
acidosis. 

The  ability o f  biguanides to lower blood glucose 
concentrat ion is explained by several mechanisms [2, 
6, 10, 11]. The  effects of biguanides on lactic acid 
production have been reviewed [4, 6]. Briefly, 
biguanides are probably bound to the mitochondrial  
membrane,  changing its electrochemical properties,  
and thereby interfering with the entrance of N A D H  
into the mitochondrion,  shifting the reaction pyru-  
vate + N A D H  ~ lactate + NAD + to the right. This 
enhances the production of lactate. Thus increase of 
the biguanide concentration results in lactic acidosis 
[121. 

Buformin is completely absorbed from the intes- 
tinal tract. The  therapeutic plasma concentrat ion is 
about 0.5 mg/1. Plasma half-life is about 2 h. Bufor-  
rain is almost completely excreted by the kidneys as 
the unchanged drug by both glomerular filtration and 
tubular secretion. Renal clearance is about  450 roll 
min [1, 11, 13]. After  oral as well as IV administra- 
tion of labelled buformin in human diabetics with 
normal renal function the buformin concentrations in 
theintest inal ,  mucosa and the liver were many times. 

h ighe r  .than in plasma, especially after oral adminis- 
tra$ion. The  liver concentrations were 10--20 mg/kg. 
Similar differences between plasma and liver tissue 
concentrations were found in animal studies [14]. 

In patients with lactic acidosis during buformin 
therapy plasma concentrations up to 3.0 mg/l have 
been measured [2, 3, 11]. No data are available on 
buformin concentrations in other body fluids and tis- 
sues during lactic acidosis. 

The  buformin concentration in plasma of 5.5 mg/l 
in the patient described is high. The lower concentra-  
tion of 3.2 mg/1 obtained at the postmortem may be 
explained by dilution as a result of treatment.  Redis- 
tribution after death may also be involved. The  con- 
centrations of buformin in the heart,  the lungs and 
the liver were of the same magnitude as in the blood. 
The  concentrat ion in the kidneys was 20 times that in 
o ther  organs, reflecting the route of elimination. The  
severe lactic acidosis and state of shock presumably 
contr ibuted to the lack of a significant difference be-  
tween the concentrations in blood and liver. Again, 
however,  redistribution after death may also have 
occurred. 

The  question arises as to why a lactic acidosis 
suddenly develops without a complicating illness in a 
patient using buformin for 272 years. Progression of 
diabetic microangiopathy results in a gradual loss of 
nephrons and thereby a decreased glomerular filtra- 
tion rate. Consequently, the buformin concentrations 
in the blood and the peritubular fluid would increase. 

This may result in an increase of tubular secretion 
until the maximal tubular secretion rate of buformin 
is reached. Until then the loss of nephrons causes 
only a small increase in plasma half-life. A further 
loss cannot result in a further  increase in tubular se- 
cretion. Only the amount  filtered in the remaining 
nephrons rises in proport ion to the concentration in 
the plasma. Consequently a further  loss of nephrons 
will cause a faster rise in plasma half-life and a 
dramatic increase in plasma and tissue concentra- 
tions. This may explain why after  many years lactic 
acidosis may develop suddenly. 
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