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CASE REPORT
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Abstract 

Background:  Metformin-associated lactic acidosis (MALA) is a widely documented adverse event of metformin. 
Despite being considered one of the main causes of metabolic acidosis, the association between an anion gap and 
MALA diagnosis is still uncertain.

Case presentation:  Cases involving six Caucasian patients with suspected MALA who were admitted to the emer‑
gency department were analysed. All these patients presented with pH values < 7.35, lactate levels > 2 mmol/L, and 
estimated glomerular filtration < 30 mL/min. Metformin plasma concentrations were > 2.5 mg/L in all the patients. 
The highest metformin concentrations were not found in the patients with the highest lactate levels. The anion gap 
values ranged from 12.3 to 39.3, with only two patients exhibiting values > 14.

Conclusions:  In patients with MALA, there is a significant variability in the anion gap values, which is not related 
to the level of metformin accumulation, and therefore, it is doubtful whether measuring anion gaps is useful as an 
approach for MALA diagnosis.
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Background
Since the 1950s, metformin has been successfully used as 
a first-line pharmacotherapy for treating individuals with 
type II diabetes [1]. Although it is considered as a drug 
with a broad safety profile, metformin-associated lactic 
acidosis (MALA) is a widely documented adverse event 
[2, 3]. MALA is a rare condition associated with poor 
prognoses and has an estimated mortality of between 
25 and 50% [4]. It develops more frequently in elderly 
patients with impaired kidney function and liver failure 
[5]

It has been established that a pH bellow 7.35, a high 
lactate level, and compatible symptomatology are key 
elements in detecting the presence of MALA [5]. The 
anion gap, which measure the difference between cati-
ons and anions in serum, is an useful tool when attempt-
ing to identify the cause of metabolic acidosis. Despite a 
high anion gap being considered one of the main causes 
of metabolic acidosis, it is still uncertain whether there 
is an association between an anion gap and MALA diag-
nosis. In this report, we present a case series of suspected 
MALA patients with the aim of highlighting the impor-
tance of the anion gap value in MALA diagnoses.

Case presentation
Cases involving six Caucasian patients with sus-
pected MALA who visited the emergency department 
between September 2019 and December 2019 were 
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analysed. The main characteristics of these patients are 
presented in Table  1. The mean age was 75.5 (stand-
ard deviation = 6.3) years. All the patients exhibited 
respiratory symptoms at admission; further, based on 
a blood gas analysis performed at emergency depart-
ment admission, almost all of them presented with a 
pH value < 7.35 and lactate level > 2 mmol/L while 
only one patient had a lactate level of > 5 mmol/L, 
which is one of the established criteria for an MALA 
diagnosis [7]. Lactate level was analysed by the “GEM 
premier 3500 in Instrumentation Laboratory” auto-
mated blood gas analysis system blood gas analyser 
(ABL90, Radiometer, Bronshoj, Denmark). Alternative 
causes of metabolic acidosis such concomitant drugs 
or toxics substances were excluded, based on medi-
cal history review and patients or relatives interview. 
Four patients presented with chronic kidney disease 
as a comorbidity. However, the estimated glomerular 
filtration rate (calculated by the modification of diet 
in renal disease (MDRD) formula [6]) was less than 
30 mL/min at admission in all cases. All the patients 
had metformin plasma concentrations above the upper 
limit of the therapeutic range (> 2.5 mg/L) [7]. The 
highest metformin concentrations were not found in 
patients with the highest lactate values.

Only two of the included patients met the haemodi-
alysis criteria established by the extracorporeal treat-
ments in poisoning (EXTRIP) recommendations [8] 
(lactate > 20 mmol/L, pH ≤ 7.0, or failure of standard 
treatment, including bicarbonate); further, only one of 
them received haemodialysis, and therefore, the thera-
peutic effort upon admission was limited to the other 
patient. Two patients died during hospitalisation, and 
these patients had the highest metformin plasma con-
centrations (> 30 mg/L). The anion gap values (cal-
culated as [Na+] + [K+] − [Cl−] − [HCO3

−]) ranged 
from 12.3 to 39.3, with only two patients exhibiting 
values greater than 14.

Discussion and conclusions
The results of our series demonstrate that in the case of 
severe metformin intoxication, the anion gap value may 
be normal or slightly elevated, with no relation to the 
metformin plasma concentrations. Anion gap altera-
tions can occur in different situations involving acid-base 
imbalance, and monitoring these alterations is a useful 
approach in determining the aetiology of metabolic aci-
dosis. One of the most common causes is lactic acidosis. 
Metformin inhibits cellular mitochondrial respiration, 
causing an increase in anaerobic metabolism and lactate 
production [9]. This situation leads to type B lactic aci-
dosis [10] that overlaps with type A lactic acidosis due to 
hypoperfusion in patients with haemodynamic failure in 
case of systemic collapse.

The association between severity and mortality on 
admission and the lactate value is well known. How-
ever, the association between the anion gap value and 
mortality remains unclear. The sensitivity of using the 
anion gap has been reported to be poor in detecting the 
levels of acidosis when it is mediated by lactate [11]. In 
our patients, we observed that very high concentrations 
of metformin with an increase in lactate levels did not 
lead to a relevant increase in the anion gap. Therefore, 
this series reinforces the view that measuring the anion 
gap has limited utility in predicting the accumulation of 
this drug because of the different factors that can coexist 
in these patients. The toxicity found in our patients was 
possibly due to mixed acidosis caused by a combination 
of accumulated metformin, diabetic ketoacidosis, tis-
sue hypoxia, and kidney failure, which resulted in a wide 
range of anion gap values. The absence of plasma albumin 
levels has prevented from obtaining corrected anion gap 
values, which is a limitation of our study since it could 
partly affect the results obtained. Among the limitations 
associated with our series, the one worth noting is that at 
admission, there was a lack of data on albumin levels that 
can significantly modify the value of the anion gap.

On the other hand, it is known that the severity of 
lactic acidosis is not proportional to metformin plasma 

Table 1  Characteristics of patients included

CKD chronic kidney disease

No Age CKD Creatinine (mg/
dL)

Metformin 
(mg/L)

pH Lactate 
(mmol/L)

0 hour Anion 
gap

24 hours Anion 
gap

Exitus 
24 hours

1 73 No 7.87 34.7 7.07 12.5 37.7 36.6 Si

2 77 Yes 2.02 10.32 7.03 2.7 16.7 17.1 No

3 82 Yes 4.14 44.66 7.13 2.8 12.3 14.2 Si

4 64 No 7.85 15.8 6.74 7.9 39.3 44.8 No

5 78 No 1.86 18.1 7.30 2 14.2 12.2 No

6 79 Yes 4.68 8.27 7.21 5.7 16.3 24.9 No
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concentrations, as patients described as having severe 
clinical symptoms exhibited slightly elevated concen-
trations, and those without MALA had high concen-
trations of metformin; despite these findings, high 
concentrations have been associated with higher mor-
tality rates in patients with MALA [12]. The small 
sample size in our series prevented us from drawing 
conclusions regarding the association between met-
formin concentrations and mortality. Despite this, we 
observed that the patients with the highest metformin 
concentrations were those who died, which contributes 
to fuelling this debate.

Likewise, changes in pH, lactate levels, and bicarbonate 
values are critical for making a selection among thera-
peutic options. It should be noted that only one of the six 
patients had a lactate value of > 5 mmol/L, an established 
criterion for the diagnosis of MALA [5]. However, all the 
patients in our series had serious clinical conditions. For 
this reason, it must be considered that lower levels of lac-
tate may indicate significant accumulations of metformin 
and severe clinical presentations, given that the anion 
gap value could not aid in diagnosing these cases.

Two of the six patients (33.3%) died during hospitali-
sation. Previous studies have reported mortality rates 
between 25 and 50% [4], highlighting the severity of this 
complication. Despite the fact that owing to its benefits 
in terms of the incidence of cardiovascular events and 
mortality, metformin is recommended by different guide-
lines for patients with mild or moderate impairment of 
renal function with an adequate dose adjustment [1], 
elderly patients often exhibit a sudden deterioration of 
renal function secondary to different circumstances. Our 
patients presented with very high metformin concentra-
tions, which probably indicate renal function deteriora-
tion that evolved for several days before hospitalisation. 
The high distribution volume of metformin facilitates 
its extensive accumulation, which makes it difficult to 
establish a relationship between plasma levels and severe 
lactic acidosis [9]. For this reason, this drug should be 
suspected as a possible causative agent of acidosis in 
patients with relevant deterioration of renal function.

This case series shows that in patients with MALA, 
there are significant variations in the anion gap value, 
which is not related to the level of accumulated met-
formin, and therefore, it is doubtful whether calculat-
ing the anion gap could be used an approach for MALA 
diagnosis.
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