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Abstract. Lactic acidosis is a rare but severe and life threatening side effect of metformin. As long as contraindications to its
use are kept in mind, metformin can be prescribed safely. If a patient develops one of these contraindications while on metformin
therapy (e.g. renal insufficiency), metformin therapy should be discontinued temporarily, because the likelihood of developing
metformin-induced lactic acidosis is then significantly increased. In metformin-induced lactic acidosis renal replacement therapy is
an effective treatment option, because it eliminates metformin from the circulation and corrects the acidosis. In renal insufficiency
it is important to continue dialysis despite normalized plasma metformin levels, to finally eliminate metformin that is stored in the
deep tissue compartments.
Introduction
Type 2 diabetes mellitus is a common disease which is becoming
more prevalent. Metformin, a blood glucose lowering drug, is frequently used in the treatment of type 2 diabetes mellitus. Lactic acidosis is a rare but serious side effect in patients treated with metformin
[1]. The likelihood of metformin-induced lactic acidosis is increased
especially in patients with renal insufficiency, since metformin clearance is renal. In this article we describe two patients with metformin-induced lactic acidosis following deterioration of renal function.
Furthermore, we will discuss the pathogenesis and the treatment of
metformin induced lactic acidosis.

Case 1
Patient A, a 77-year-old woman, was referred to our emergency department by her general practitioner with dehydration caused by
diarrhoea and vomiting. Her prior medical history revealed a myocardial infarction four years previously, hypertension, and type 2
diabetes mellitus. She used metformin 850 mg three times daily and
glibenclamide 5 mg three times daily. She had watery stools, was
nauseous and had been vomiting for five days. She had not eaten or
drunk much, however, she had taken her medication as prescribed.
In the last few hours before presentation her physical condition had
deteriorated. At the emergency department we saw a confused and
restless woman. Blood pressure was 132/98 mmHg, pulse 98/min,
temperature 33.8 degrees Celsius. Her skin was cold and skin turgor
was decreased. She was hyperventilating. Heart, lungs and abdomen were without abnormalities. Arterial blood gas analysis showed
(reference values in brackets) pH 6.84 (7.35-7.45), PaCO2 1.7 kPa
(4.7-6.4), PaO2 17 kPa (10-13), HCO3- 2.1 mmol/l (22-29). Additional
laboratory tests: CRP 63 mg/l (<5), leucocytes 14.7 g/l (2.5-8.2 g/l),
differentiation of leucocytes with no abnormalities, urea 23.6 mmol/l
(2.5-6.4), creatinine 616 micromol/l (50-105) (2 years earlier:126),
lactate 21.1 mmol/l (0.5-2.2), glucose 13 mmol/l (<11), anion-gap
43 mmol/l (12 ± 2), and no ketonuria. Because we suspected met
formin-induced lactic acidosis, a bicarbonate infusion was given to
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Table 1. Contra-indications for metformin use
Renal failure or renal dysfunction (serum creatinin > 135 micromol/l in
men and > 110 micromol/l in women)
Acute conditions that are likely to change renal function (e.g. dehydration, severe infections, shock, intravascular administration of a contrast
agent containing iodine*)
Acute or chronic conditions that can induce tissue hypoxia (e.g. heart failure, pulmonary insufficiency, shock, a recent myocardial infarction)
Liver insufficiency
Ketoacidosis, diabetic precoma
Acute alcohol intoxication, alcoholism
Breast feeding and pregnancy
Surgery*
* If a contrast agent containing iodine is to be administered or if elective
surgery is to be carried out, metformin therapy should be stopped 48
hours beforehand. Metformin therapy can be restarted 48 hours later, but
only if renal function has returned to normal.

the patient and she was admitted to the intensive care unit. Shortly
after admission she became haemodynamically unstable (blood
pressure 80/40 mmHg). She was intubated and intravenous inotropy
(dobutamine, dopamine) and noradrenalin was started. Her CVP
was 10 and oxygen saturation after intubation was 99%. In addition,
continuous venovenous haemofiltration (CVVH) with a bicarbonate
buffer solution was started to eliminate metformin from the circulation. During CVVH treatment lactate levels slowly decreased and
acid-base balance gradually improved. Despite maximum therapy,
blood pressure levels continued to decrease and 38 hours after admission our patient died. The serum metformin level on presentation was determined retrospectively and was 58 mg/l (normal values
during the use of metformin: 1-2 mg/l). Furthermore her blood and
urine cultures remained negative.

Case 2
Patient B, a 69-year-old women, was referred to our emergency department by her general practitioner, because he thought her symptoms
were due to pneumonia. Her medical history revealed type 2 diabetes
mellitus and mild renal insufficiency (3 years earlier: creatinine 138
mmol/l). She used metformin 850 mg twice daily and glimepiride 6
mg once daily, enalapril, furosemide and had been taking diclofenac
(NSAID) for a few days . She was nauseous and had vomited. At our
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emergency department we saw a lethargic woman with a blood pressure of 100/70 mmHg, pulse 100/min, temperature 32.6 degrees
Celsius. Further physical examination revealed no abnormalities.
Arterial blood gas analysis showed: pH 6.81 (7.35-7.45), PaCO2 1.5
kPa (4.7-6.4), PaO2 32.8 kPa (10-13), HCO3- 1.7 mmol/l (22-29). Additional laboratory tests: urea 22.1 mmol/l (2.5-6.4), creatinine 998
micromol/l (50-105), CRP 63 mg/l (<5), leucocytes 12.8 g/l (2.5-8.2
g/l), differentiation of leucocytes without abnormalities, lactate 23.8
mmol/l (0.5-2.2), anion-gap 31.3 (12 ± 2). A plain X-ray of the thorax
showed no abnormalities. We suspected metformin-induced lactic
acidosis, caused by severe renal insufficiency due to dehydration and
the use of NSAIDs Our patient was admitted to the intensive care unit
where she was intubated and ventilated mechanically. During admission, intravenous noradrenalin was started because of haemodynamic instability. CVVH with a bicarbonate buffer solution was started a
few hours after admission. This induced acid-base balance normalization, furthermore it led to metformin removal from the circulation
(Figure 1). After two days our patient was extubated, and a few days
later she was transferred to the ward where she remained dependent
on haemodialysis due to acute tubular necrosis. During hospitalization, blood and urine cultures remained negative. Twenty days after
admission she was discharged in a reasonable condition, at which
time she was no longer dependent on haemodialysis.

Discussion
Lactic acidosis is a rare but serious side effect of metformin therapy.
The estimated mortality is 50% [1]. Metformin and phenoformin are
biguanides, and were introduced in the late 1950s [1]. Phenoformin
was withdrawn from clinical use in many countries in the 1970s
because of the high risk of lactic acidosis. This risk is 40-64 cases
per 100 000 person-years. The risk of lactic acidosis in patients using metformin is 10-20 times lower and is 0-8.4 cases per 100 000
person-years [2]. Nowadays, metformin is the only biguanide in use
[3].
Metformin has a blood glucose lowering effect. This effect is
caused by improved peripheral insulin sensitivity, improved peripheral glucose uptake, and reduced glucose production by the liver
(gluconeogenesis) [4]. During gluconeogenesis, the liver can (in
normal circumstances) convert lactate into water and carbon dioxide
or glucose [5].
The pathogenesis of a metformin-induced lactic acidosis is complex and not completely understood. Metformin stimulates the nonoxidative glucose metabolism in the intestines, this increases local
lactate production, which results in increased lactate levels in the
portal circulation. These increased portal lactate levels decrease the
pH of the liver, which causes a diminished lactate metabolism. Furthermore, metformin inhibits gluconeogenesis, this decreases the
conversion of lactate into water and carbon dioxide or glucose by the
liver. These mechanisms can cause accumulation of lactate in metformin intoxication [2,13].
There are two types of lactic acidosis: type A which is caused by
tissue hypoxia and type B caused by overproduction or diminished
clearance of lactate despite adequate tissue oxygenation. Metformininduced lactic acidosis is a type B lactic acidosis. Within a few hours,
type B lactic acidosis can turn into mixed type lactic acidosis (both
types A and B), because the cardiac- and haemodynamic effects of
a severe type B acidosis can cause haemodynamic instability [6],
resulting in tissue hypoxia. In the two cases described here, metformin-induced lactic acidosis developed as a result of deterioration
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Figure 1. Metformin and lactate levels during CVVH.

of renal function. Eventually, both patients developed mixed type lactic acidosis due to haemodynamic instability.
In both our patients renal function deteriorated. Since metformin is cleared renally, metformin therapy should have been discontinued. Other contraindications to metformin therapy are shown in
Table 1 (http://www.cvzkompassen.nl/fk). One in four patients prescribed metformin have contraindications to its use. Furthermore,
the development of one of these contraindications rarely results in
discontinuation of metformin therapy [7]. Fortunately, lactic acidosis is an uncommon phenomenon during metformin therapy [8, 9].
However, several case reports of metformin autointoxication prove
that metformin overdose actually can induce lactic acidosis [10, 11, 12,
and 13].
The estimated mortality of metformin-induced lactic acidosis is
about 50% [1]. Prognosis is not related to serum metformin level, it
is the patient’s co-morbidity that seems to predict survival [14].
In the medical literature, haemodialysis is recommended as
the treatment of choice in metformin-induced lactic acidosis [15].
Haemodialysis removes metformin from the circulation and corrects
acidosis. Haemodynamically unstable patients, who cannot undergo
haemodialysis can be treated by CVVH, because fluid exchange is
slower [11]. The correct choice of replacement and dialysate fluids
is important as conventional fluids contain lactate as a buffer, which
may aggravate acidosis in cases of decreased capacity to metabolize
lactate (e.g. in acidaemia or liver insufficiency) [11]. The use of a bicarbonate buffer solution in dialysis seems advantageous. It not only
removes metformin from the circulation, but it also helps to correct
the acidosis [16, 17]. There is little medical literature on metformin
clearance during dialysis. Normal total clearance of metformin is
441 ml/min (half life 1.5 hours). In diminished renal function i.e.
a glomerular filtration rate of 20-50 ml/min, total clearance is only
88.4 ml/min (half life 4.9 hours) [18]. In patient B, the volume of distribution was 0.5 l/kg and the patient’s creatinine clearance prior to
dialysis, was 20-50 ml/min [18]. We estimated a metformin clearance
during haemodialysis of 31 ml/min. The half life time of metformin
was 15 hours. There are only two other reports in medical literature,
in which metformin clearance was estimated in metformin-induced
lactic acidosis. Lalau et al. reported on a patient with renal insufficiency who underwent haemodialysis with a bicarbonate buffer
solution. The estimated clearance was 68 ml/min [15]. Barrueto et
al. reported on a patient who underwent CVVH because of auto-intoxication with metformin. In this case the estimated clearance was
50.4 ml/min [19]. The metformin clearance estimated in our patient
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seems to be low (31 ml/min). However, the patient reported by Lalau
et al. underwent haemodialysis in which fluid exchange is faster and
therefore metformin clearance is higher. In auto-intoxication, as reported by Barrueto et al., metformin has not yet accumulated in the
deeper tissue compartments, as seems to be the case in patients with
renal insufficiency on chronic metformin therapy [15]. In patients
with renal insufficiency there is a continuous release of metformin
from these deeper tissue compartments into the circulation. This is
why it is very important to continue dialysis in patients with renal insufficiency, even though plasma metformin levels have normalized.
The duration of dialysis in metformin-induced lactic acidosis is not
clear from the literature. In patient B the metformin level normalized
in 105 hours, but dialysis (CVVH) was continued because of renal insufficiency.

Conclusion
Lactic acidosis is a rare but severe and life threatening side effect
of metformin. As long as contraindications are kept in mind, met
formin can be prescribed safely. If a patient develops one of these
contraindications while on metformin therapy (e.g. renal insufficiency), metformin therapy should be discontinued temporarily, because the likelihood of developing metformin-induced lactic acidosis
is then significantly increased. In metformin-induced lactic acidosis
renal replacement therapy is an effective treatment option, because it
eliminates metformin from the circulation and corrects the acidosis.
In renal insufficiency it is important to continue dialysis despite normalized plasma metformin levels to finally eliminate the metformin
that is stored in the deep tissue compartments.
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