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Introduction

Metformin is considered first line therapy for newly diagnosed type 2 diabetes mellitus 

(DM) and is the most prescribed oral anti-hyperglycemic medication in the world.1 Close 

to 14 million patients received a prescription containing metformin from U.S. outpatient 

pharmacies in 2014.2 While metformin has been a powerful tool in the treatment of 

DM, it is also known to increase the risk of severe and potentially fatal lactic acidosis, 

particularly in association with conditions leading to the drug’s accumulation, such as 

kidney and liver disease.3

Metformin-associated lactic acidosis (MALA) is estimated to occur at a rate of 0.01 

to 0.09 cases per 1,000 patient years.4 However, given recent proposals to utilize 

metformin more liberally in patients with mild to moderate chronic kidney disease 

(CKD),5,6 it is likely that MALA will become more common. MALA is associated 

with an extremely high mortality, up to 30% to 50% in affected individuals.7 Greater 

appreciation of the risks of metformin and judicious use of this drug will be key to reduce 

adverse outcomes due to MALA, while a high index of suspicion for its diagnosis coupled 

with aggressive therapy will improve outcomes among those affected. 
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Case

A 74-year-old diabetic woman was transferred from an outside 
hospital with a severe anion gap metabolic acidosis and 
concerns for ischemic bowel. According to family members, 
she had originally presented with five days of diarrhea, poor 
PO intake, and worsening mental status. Her vital signs showed 
a blood pressure of 154/66, heart rate of 93, and a rectal 
temperature of 34 degrees Celsius. Physical exam revealed a 
patient who was awake but confused. She demonstrated no 
guarding or peritoneal signs. Urine output was decreased. 
Other aspects of the exam were unremarkable. Laboratory data 
revealed a white blood cell count of 23.8 x 109/L, hemoglobin 
of 11 g/dL, and platelets of 353 x 109/L. In mmol/L, she had a 
sodium 141, potassium 5.3, chloride 97, and carbon dioxide 5. 
In mg/dL her blood urea nitrogen was 77, creatinine was 
7.4, glucose was 135, calcium was 9.1, magnesium 2, and 
phosphorus 14.7. An arterial blood gas showed a pH less than 
6.79, PCO2 of 15, PO2 of 194, and HCO3 that was less than 7. 
Lactate was elevated at 21 mmol/L, with a serum osmolar 
gap of 30. The remainder of laboratory data, including liver 
function tests, lipase, troponin, and a toxicology screen, were 
unremarkable. An abdominal CT scan also was negative. 
The surgical team did not believe she had an acute abdomen 
requiring any intervention. At that time, it was confirmed 
with the family that the patient takes metformin. 

The patient was started on bicarbonate-containing intravenous 
fluids and intubated for airway protection. Subsequent hypo
tension was treated with norepinephrine and vasopressin. 
Due to a high suspicion for metformin intoxication/MALA, 
nephrology was consulted, and an extended session of high flow 
intermittent hemodialysis was initiated. A total of nearly 13 
hours of dialysis was delivered in a continuous session and was 
terminated when her lactate was less than 3 mmol/L (Figure 1). 
Fortunately, her lactate remained suppressed for the remainder 
of her hospitalization. Her hemodynamics, mental status, and 
renal function improved, and she did not require permanent 
hemodialysis, although her final creatinine was 2.6 mg/dL 
(unknown baseline). She was discharged six days after her 
transfer. A metformin level obtained prior to hemodialysis was 
sent to a processing lab and was reported several weeks later to 
be 58 mcg/mL (therapeutic level: 1-2 mcg/mL).

Differential Diagnosis of Lactic Acidosis

Lactate is synthesized by liver, small bowel, and peripheral 
tissues during glycolysis and can accumulate during hypoxia.8 
The liver, kidney, heart, and skeletal muscle are the main sites 
for lactate metabolism, while the liver and kidney account for 
approximately 60% and 30% of lactate clearance, respectively.9,10 
Lactate can either be oxidized for energy, or be converted back 
to glucose (via gluconeogenesis) in the liver.11

Lactic acidosis is defined as a high anion gap metabolic acidosis 
associated with an arterial lactate concentration greater than 
5 mmol/L. It is considered the most common cause of metabolic 
acidosis.12 An accompanying osmolar gap may also occur, due 
to the release of osmotically active substances from hypoxic 
tissue.13 There are two types of lactic acidosis, denoted Type A 
or Type B.14 Type A lactic acidosis is the most common clinical 
situation and is caused by impaired oxygen delivery or hypoper
fusion, sometimes coupled with an increase in glycolysis. This 
leads to increased anaerobic respiration and the accumulation of 
lactate. Type B lactic acidosis occurs in the absence of hypoxia, 
and instead is caused by defects in oxidative phosphorylation 
and/or suppression of gluconeogenesis in the liver. This, too, 
will ultimately lead to lactate accumulation and can be caused by 
a variety of drugs and toxins, including metformin and other 
biguanides, nucleoside reverse-transcriptase inhibitors, salicylate, 
cyanide, and toxic alcohols. 

FIGURE 1.  Lactate levels of the patient presented in the case. 
Thirteen hours of continuous high-efficiency dialysis was delivered 
during the time period indicated, resulting in a rapid lowering of 
the lactate.  Since metformin levels are not widely available, the 
lactate is used as a surrogate for adequate clearance of this drug.
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Sepsis, liver failure, and some malignancies also are risk factors 
for lactic acidosis. Any factor that increases glycolysis will lead 
to an increase in lactate production. Lactic acidosis also can 
present in up to 10% of patients with diabetic ketoacidosis. 
This may be due to hypoxia but may also occur without it.15

The differential diagnoses of lactic acidosis in our case would 
include septic shock, ischemic bowel or limb, severe hepatic 
dysfunction, coexisting diabetic ketoacidosis, or drug/toxin 
exposure. The patient’s baseline renal function was unknown, 
but it appeared that she had acute kidney injury on presentation, 
likely related to severe volume depletion in the setting of 
diarrhea and vomiting, which would predispose her to metformin 
accumulation. Coupled with normal glucose and liver function 
tests, a normal toxicology screen, benign abdominal imaging 
and exam, and the knowledge that she was taking metformin 
for diabetes, the most likely explanation was metformin 
intoxication/MALA.  

Historical Context

The biguanides, the drug class to which metformin belongs, 
were initially designed in the 1950s as a treatment for 
hyperglycemia. The mechanism of action is via reduction 
of gluconeogenesis in the liver. It does this through effects 
on insulin sensitivity and through reduction in hepatic 
uptake of lactate, a substrate for gluconeogenesis.16,17 

One of the earliest available biguanides, phenformin, was 
eventually withdrawn from the market due to an association 
with severe lactic acidosis. This led to extremely cautious use 
of metformin, at least initially. Europe was the first to adopt 
its use in the 1980s, followed by the United States in 1994. 
Since metformin is renally eliminated, the U.S. Food and 
Drug Administration required labeling stating that use was 
contraindicated at serum creatinine measurements greater than 
1.5 mg/dL in men and 1.4 mg/dL in women.5,6 This warning 
label has not been updated until recently, meaning that for 
more than 20 years there was no cutoff specified for estimated 
glomerular filtration rate (eGFR), which would be a more 
accurate determination of renal function compared to serum 
creatinine alone. 

Recognizing the potential benefit of metformin to hyperglycemic 
patients, as well as the arbitrary nature of the serum creatinine 
cutoff, a number of endocrine societies have made recommen
dations that would encourage greater use in mild to moderate 
chronic kidney disease (CKD). A consensus statement, made 
jointly by the American Diabetes Association and the European 
Association for the Study of Diabetes, judged that “recent 
studies have suggested that metformin is safe” unless the eGFR 
was < 30 mL/min per 1.73 m2.18  In the United Kingdom, 
the National Institute for Health and Clinical Excellence 
recommended caution at an eGFR < 45 ml/min, or a serum 
creatinine > 1.5 mg/dL, with instructions to stop if GFR drops 
below 30 mL/min, or if the creatinine rises above 1.7 mg/dL.5  
The Australian Diabetes Society has similar recommendations 
to the United Kingdom. Meanwhile the Canadian Diabetes 
Association recommends caution with eGFR < 60 mL/min, 
with contraindication being < 30mL/min.5 Regardless of 
the exact wording and cutoffs specified, it does appear that 
several workgroups are encouraging greater use of metformin 
in patients with CKD.

Metformin-Associated Lactic Acidosis (MALA)

MALA is a lactic acidosis that exists in the setting of exposure 
to metformin.19 With this definition, MALA could indicate any 
lactic acidosis in which metformin could play a role. MALA 
rarely develops in patients without comorbidities such as renal 
or liver failure.20 This is in contrast to a subset of MALA, 
referred to as metformin-induced lactic acidosis (MILA), in 
which metformin is the only cause of the acidosis, such as 
in acute overdoses.21

Metformin enters cells and directly acts on mitochondria to 
uncouple oxidative phosphorylation through inhibition of 
complex I-mediated respiration. It also inhibits the citric acid 
cycle (i.e., the TCA or “Krebs” cycle), which is important in 
generating the substrate for oxidative phosphorylation. The 
cellular response is to increase glycolysis, which ultimately leads 
to lactate accumulation.22-24  

In animals25 and humans,26,27 biguanide administration is 
associated with hyperlactatemia. Metformin also elevates 
plasma lactate levels during exercise.28,29 The hyperlactatemia 
associated with therapeutic doses of metformin is small, usually 
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less than 2 mmol/L, although higher levels may occur.30-33 
The small magnitude of the increase may explain why not all 
studies report high lactate levels.34

The clinical manifestations of MALA are nonspecific. 
Gastrointestinal symptoms predominate, including nausea, 
vomiting, diarrhea, and epigastric pain. Altered mental status, 
somnolence, hypothermia, and hemodynamic instability also 
occur, as in the case of our patient.35,36  

Mortality

MALA is associated with an extremely high mortality rate 
of 30% to 50%.4,37-42 Predictors of mortality have been difficult 
to validate in the literature. Some studies suggest that high 
metformin levels (greater than 20 to 50 mg/L), higher lactate 
levels, and lower pH are associated with poor outcomes.43,44 
However, other studies do not find a relationship between 
lactate or metformin levels with mortality, citing comorbid 
conditions as having a greater effect.45

Treatment of MALA

There is no specific antidote for metformin overdose, although 
gastrointestinal decontamination can be used in acute overdoses.19 
For the remainder of patients, intensive supportive care is 
required. A key aspect to this care is extracorporeal treatment 
(ECTR), which in this case is essentially hemodialysis. 

Metformin is a small molecule with a size of 165 Daltons. Its 
oral bioavailability is approximately 55%, and it has a half-life 
of approximately 5 hours. Metformin undergoes very little 
metabolism, and the unchanged drug is excreted in the urine. In 
fact, the kidney is the major organ for the elimination of this drug. 
This ability is proportional to overall renal function, explaining 
why kidney disease is strongly associated with MALA.46  

Metformin has negligible protein binding which, when coupled 
with its small size, equates to a high extraction ratio through 
hemodialyzers.19 However, metformin can localize to intracellular 
compartments and can accumulate to high levels in erythrocytes 
and other cells. This leads to its relatively large volume of 
distribution of 1 to 5 L/kg.46 This large distribution, which 
would limit the efficiency of dialysis, may necessitate prolonged 
therapy for adequate clearance. 

Until recently, there have been no guidelines for the use of 
ECTR in the treatment of MALA. In 2015, the Extracorporeal 
Treatments in Poisoning (EXTRIP) workgroup published 
guidelines to aid in the treatment of MALA.19 In publishing 
these guidelines, EXTRIP did note that available high quality 
evidence was limited, and that recommendations were based on 
consensus opinion, using a scale of strength of recommendation 
from 1 (strong) to 2 (weak) to 3 (neutral) based on levels of 
evidence ranging from A (high level of evidence) to D (very 
low level of evidence). 

EXTRIP recommends ECTR in severe metformin poisoning 
(level of evidence - 1D). The rationale for the use of ECTR 
is based on the high mortality of MALA, lack of other effective 
treatments, and the ability to correct sequelae of the intoxication, 
including acidosis, electrolyte disorders, and hypothermia, as well 
as to treat coexisting kidney failure. The recommendations note 
that improvement in overall patient condition can be dramatic. 

  The EXTRIP consensus statement suggests that: 

  ECTR is recommended if:
  •  Lactate > 20 mmol/L (1D)
  •  Arterial pH ≤ 7.0 (1D)
  • � Standard therapy (including supportive care and 

bicarbonate) fails (1D)

  ECTR is suggested if:
  •  Lactate > 15-20 mmol/L (2D)
  •  Arterial pH < 7.0-7.1 (2D)

Other factors where ECRT should be considered are shock 
(1D), impaired kidney function (1D), liver failure (2D), and 
decreased level of consciousness (2D). 

Regarding the modality of ECTR, although there is a paucity 
of evidence, EXTRIP recommendations are to use intermittent 
hemodialysis (IHD) (1D) as the first choice. Continuous renal 
replacement therapy (CRRT) is an acceptable alternative when 
IHD cannot be performed (2D).19 IHD is superior for the 
removal of metformin and lactate, as well as for correction of 
metabolic acidosis.47 Extracorporeal clearance of metformin can 
reach > 200 ml/min with IHD6,48-51 but only up to 50 ml/min 
with CRRT.52-54 Even in the setting of hypotension, IHD may 
still be the preferred option since removal of the metformin 
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may stabilize the patient. On the other hand, CRRT has 
in case series been used successfully in MALA, and so is a 
reasonable second choice.55

EXTRIP recommends stopping ECTR when lactate levels 
are less than 3 mmol/L and pH > 7.35 (1D). Metformin levels 
have a poor correlation with outcome and hence should 
not routinely be followed for efficacy.19 Further, metformin 
levels are not widely available and may not be useful in actual 
practice. The attainment of the recommended lactate and pH 
goals may require prolonged treatment, sometimes greater 
than 24 hours of “intermittent” dialysis. 

It is important to note that metformin levels may rise or 
“rebound” after conclusion of hemodialysis. This is caused by 
redistribution of the drug out of compartments that were not 
affected by dialysis. For this reason, EXTRIP recommends 
close monitoring and repeat sessions of dialysis if needed.

Due to the limited protein binding of metformin, hemo
perfusion or plasma exchange were not deemed as useful 
as hemodialysis.19,56,57 Peritoneal dialysis also would not be 
expected to achieve good metformin clearance in severe 
cases,58-60 but its use has been described.61  

Prevention of MALA 

As MALA is in many cases an iatrogenic entity, recognition of 
the most susceptible patients is key to its prevention. Judicious 
use of metformin, with reduction in dosing for chronic kidney 
disease, and discontinuation at lower eGFR levels is necessary 
to prevent MALA occurrences. Patients who might be at risk 
for developing acute kidney injury should also be cautiously 
prescribed this medication. 

In April 2016, the U.S. Food and Drug Administration 
distributed the following guidelines for use: 

•  Obtain eGFR in patients before starting metformin.

• � Metformin is contraindicated in patients with an eGFR 
below 30 mL/minute/1.73 m2.

• � Starting metformin in patients with an eGFR between 
30-45 mL/minute/1.73 m2 is not recommended. 

• � Obtain an eGFR at least annually in all patients taking 
metformin. In patients at increased risk for the development 
of renal impairment such as the elderly, renal function should 
be assessed more frequently. 

• � In patients taking metformin whose eGFR later falls below 
45 mL/minute/1.73 m2, assess the benefits and risks of 
continuing treatment. Discontinue metformin if the patient’s 
eGFR later falls below 30 mL/minute/1.73 m2. 

• � Discontinue metformin at the time of or before an iodinated 
contrast imaging procedure in patients with an eGFR 
between 30 and 60 mL/minute/1.73 m2; in patients with a 
history of liver disease, alcoholism, or heart failure; or in 
patients who will be administered intra-arterial iodinated 
contrast. Re-evaluate eGFR 48 hours after the imaging 
procedure; restart metformin if renal function is stable.62

These guidelines should provide much needed clarity for the 
prescribing of metformin in general practice. 

Conclusions

MALA is a form of lactic acidosis caused by metformin 
intoxication and is associated with a high mortality. Prevention 
through dose reduction and/or discontinuation in susceptible 
patients is vitally important. In addition, a high index of 
suspicion is required to make the diagnosis during presentation 
and to initiate aggressive therapy. If metformin overdose is 
severe, extracorporeal therapy consisting of high-efficiency 
hemodialysis should be initiated and maintained until lactate 
levels are normalized.  
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