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Abstract

BACKGROUND

Metformin is arguably the most commonly prescribed oral hypoglycemic agent (OHA)
for the management of diabetes. Due to the lack of randomized control trials, most of
the data pertaining to the clinical course, therapeutic interventions and outcomes of

patients with metformin induced toxicity has come from case reports or series.

AIM
To analyse the symptomology, clinical interventions and outcomes of patients
presenting with severe metformin toxicity by reviewing the published case reports and

series.

METHODS

We performed a systematic search from PubMed, Science Direct, and Google Scholar
databases using the terms “metformin” AND “toxicity” OR “overdose” OR “lactic
acidosis” OR “hyperlactatemia”. The inclusion criteria were (1) Case reports or case
series with individual patient details; and (2) Reported toxicity or overdose of
metformin in adults, published in the English language. Data regarding baseline
demographics, clinical presentation, therapeutic interventions, ICU course and overall

outcome were collected.

RESULTS

Two hundred forty-two individual cases were analysed, from 158 case reports and 26
case series, with a cumulative mortality of 19.8%. 214 (88.4%) patients were diabetics on
metformin. 57 (23.6%) had acute ingestion, but a great majority (76.4%) were on
metformin in therapeutic doses when they developed toxicity. Metformin associated
lactic acidosis (MALA) was the most commonly reported adverse effect present in 224
(92.6%) patients. Most of the patients presented with gastrointestinal and neurological

symptoms and a significant number of patients had severe metabolic acidosis and




hyperlactatemia. The organ support used was renal replacement therapy (RRT, 68.6%),
vasopressors (58.7%) and invasive mechanical ventilation (52.9%). A majority of
patients (68.6%) received RRT for toxin removal, renal dysfunction and correction of
MALA. Patients with lowest pH and highest serum lactate and metformin levels also

had favourable outcomes with use of RRT.

CONCLUSION

Most of the reported cases were on therapeutic doses of metformin but developed
toxicity after an acute deterioration in renal functions. These patients may develop
severe lactic acidosis, leading to significant morbidity and need for organ support.
Despite severe Metformin associated lactic acidosis (MALA) and the need for multiple
organ support, they may have good outcomes, especially when renal replacement
therapy is used. The dose of metformin, serum pH, lactate and metformin levels may
indicate the severity of toxicity and the need for aggressive therapeutic measures but

may not necessarily indicate poor outcomes.
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Core Tip: Metformin may be associated with significant toxicity, even when used in
therapeutic doses, of which MALA is the most commonly reported toxicity. These
patients may have favourable outcomes in spite of consumption of high doses, severe
acidosis, and high serum lactate and metformin concentrations. Early aggressive
supportive care, use of RRT for toxin removal and organ support may help in

improving outcomes.




INTRODUCTION

Metformin is arguably the most commonly prescribed oral hypoglycemic agent (OHA)
for the management of diabetes mellitus (DM). In addition to its hypoglycemic
properties, it has the potential to reduce micro and macro vascular complications
associated with DM and have a clinically beneficial role in reducing serum lipids levels
and body weight!!2l. Use of metformin in the management of type II DM has been

shown to reduce all-cause mortality and risk of cardiovascular complicationslL.

The primary mode of action of metformin is to reduce hepatic glucose production. In
addition, it also exerts hypoglycemic effect through the neuroendocrine axis, enhancing
cellular uptake of glucose and reducing insulin resistancel4l. It is considered a very safe
drug and is generally not associated with hypoglycemia. Rarely patients may develop
toxicity related to its use. Metformin associated lactic acidosis (MALA) has been defined
as serum lactate levels above 5 mmol/L and arterial pH below 7.35 in association with
metformin exposurelsl. It is a rare complication with a reported incidence of 1-30 cases

per 100,000 patient years but is associated with a high mortality rate of 25-50%!%71.

Despite severe acidosis, patients with MALA may have good clinical outcomes if it is
recognised early and aggressive resuscitative measures are initiated®l. In addition,
certain therapeutic interventions like extracorporeal toxin removal (ECTR), if instituted
timely, may improve survival in select patient subgroups and hence, it is currently
recommended to improve outcomes in patients with severe metformin toxicityl?l. Even
though MALA remains the most dreaded complication associated with metformin use,
other complications have also been reported that may require hospitalisation. Due to
the lack of randomised control trials, most of the data pertaining to the clinical course,
therapeutic interventions and outcomes of these patients have come from case reports
and case series. Hence, we conducted this scoping review of case reports and series to
analyse the symptomology, clinical interventions and outcomes of patients presenting

with severe metformin toxicity requiring hospitalisation and acute intervention.




MATERIALS AND METHODS

We performed a systematic search for this review from PubMed, Science Direct,
Reference Citation Analysis (RCA) and Google Scholar databases from January 1, 1975
till December 31, 2021. The search terms used were “metformin” AND “toxicity” OR
“overdose” OR “lactic acidosis” OR “hyperlactatemia”. The inclusion criteria were (1)
Case reports or case series with individual patient details; and (2) Reported toxicity or
overdose of metformin. Further, it was filtered for the literature published in the
English language and on adult (> 18 years) humans. We excluded 1) Conference
abstracts; 2) Case reports or series which did not have individual biochemical data. The
authors screened all the search results to include only the relevant literature for
metformin toxicity. Duplicate articles from different search databases were excluded.
All the case reports and case series were evaluated, and the data were extracted for
patient demographics, clinical symptomatology, clinical interventions including
extracorporeal therapies (ECT), intensive care unit (ICU) course, need for organ support
and outcomes. Concomitant use of nephrotoxic drugs including nonsteroidal anti-
inflammatory drugs (NSAIDs), angiotensin-converting-enzyme inhibitors (ACE-Is),
angiotensin II receptor blockers (ARBs), aminoglycoside antibiotics and diuretics was
also made. A datasheet for evaluation was further prepared.

Statistical analysis

The prepared datasheet was evaluated by Excel, Microsoft office 2019. Categorical
variables were presented as frequency and percentage. Mean [standard deviation (SD)]
or median [interquartile range (IQR)] was used for continuous variables. Qualitative
correlation statistics were analysed by Chi-square test and Fisher's exact test. A p-value
of <0.05 was deemed significant. Unless otherwise indicated, all the statistical analyses
were done using SPSS (version 25.0, IBM SPSS Inc., Chicago, IL, USA). Tabulation and
final documentation were done using MS Office software (MS office 2019, Microsoft
Corp, WA, USA).




RESULTS

This review was performed using PRISMA 2009 checklist (Figure 1). Finally, 184 studies
with 242 unique patients that met all the inclusion criteria were included (Appendix 1).
Most of the included patients were from the United States of America (66, 27.3%) and
the United Kingdom (30, 12.4%), (Figure 2). 185 (76.4%) patients developed toxicity
while on chronic therapeutic doses of metformin while 57 (23.6%) patients developed
toxicity after an acute overdose of the drug.

The commonly reported symptoms were gastrointestinal (vomiting 52.5%, abdominal
pain 40%) and neurological (altered mental status 36%, loss of consciousness 11.6%).
Two hundred fourteen (88.4%) patients had underlying diabetes and were on
metformin (table 1). Underlying chronic kidney disease (CKD) was reported in only
16.9% cases.

MALA was the most commonly reported adverse effect in 224 (92.6%) patients. Other
reported isolated adverse effects were encephalopathy in 6 (2.5%) patients, hepatitis or
acute liver failure in 5 (2.1%) patients, hypoglycemia in 4 (1.6%) patients, and psychosis,
vitamin B12 deficiency and acute pancreatitis in 1 (0.4%) patient each.

Overall, 57 (23.6%) patients had acute ingestion, out of which 52 were suicidal, three
were reported as accidental and in two cases the cause was not reported or was unclear.
These patients had consumed metformin in doses ranging from 144.5 to 3.5 g (median
74 g). Out of these 57 cases, there were 11 deaths with a cumulative mortality rate of
19.3%. Sixteen patients with acute intoxications had a history of co-ingestion of other
drugs.

The mean duration of presentation after acute intoxication was 10.9 (+ 13.8) hours.
Activated charcoal (6.6%) and gastric lavage (5.8%) was rarely employed to reduce the
absorption of metformin in patients with acute intoxication. Intravenous soda-
bicarbonate was most commonly used among the other therapies employed in 65.3% of

patients.




Arterial blood gas (ABG) at presentation was available in 214 (88.4%) patients and
serum metformin concentration was measured only in 58 (24%) cases (table 2).

Overall, 185 (76.4%) patients were on long-term therapeutic doses of metformin when
they developed metformin toxicity. These patients were on metformin doses ranging
from 250 - 3,000 mg/day (median 1,625 mg/day). The cumulative mortality was 37/185
(20%) in this group of patients. Out of these 185 patients, 38 patients had underlying
CKD and 73 patients had documented reasons, which may have caused acute renal
dysfunction precipitating metformin toxicity. These reasons included acute
gastroenteritis leading to dehydration (36 patients), ACE-I inhibitors (22 patients),
NSAIDs (18 patients), diuretics (16 patients), ARBs (8 patients), IV contrast (7 patients),
post-operative (5 patients), acute urinary tract infection (5 patients), anti-retroviral
drugs like tenofovir (4 patients), aminoglycosides (2 patients), and obstructive uropathy
(1 patient). Several patients had multiple risk factors for acute kidney injury (AKI).
Renal dysfunction was the most common organ dysfunction (74%), followed by cardiac
(59.5%) and pulmonary (47.1%). One hundred sixty-six (68.6%) patients underwent
renal replacement therapy (RRT) for underlying renal dysfunction, metabolic acidosis
correction, or metformin removal. Intermittent haemodialysis (IHD, 34.3%) was the
most commonly employed method of RRT followed by continuous RRT (CRRT, 24.8%),
which included both continuous veno-venous hemofiltration (CVVHD) and continuous
veno-venous hemodiafiltration (CVVHDEF). Overall, 41 (16.9%) patients had underlying
CKD and were on dialysis support. Only 17 survivors, who did not have pre-existing
CKD, required RRT after hospital discharge, rest all showed complete recovery of renal

function.

DISCUSSION
This review evaluated data of 242 individual patients from 158 case reports and 26 case
series. Most of the patients had gastrointestinal or neurological symptoms at

presentation. A great majority of patients (76.4%) developed metformin toxicity on




chronic therapeutic doses. The most commonly reported side effect was MALA (92.6%).
These patients had severe metabolic acidosis with hyperlactatemia and required multi
organ support. RRT was employed in 68.6% of patients, and the cumulative mortality
rate was 19.8%.

Several other isolated serious complications, in the absence of MALA, were also
reported in many case reports. These included encephalopathy!®14], psychosis!'?],
vitamin B12 deficiencyl'¢], acute pancreatitis(l?l and acute liver failurel1822l. In our
analysis, many patients (24.4%) developed hypoglycemia, attributed to sulphonylureas
or other OHA that the patient were co-prescribed. However, in a few case reports no
other cause could be ascertained and hypoglycemia was attributed to metformin
toxicityl?2¢l. The reported incidence for development of moderate to severe
hypoglycemia is 60 per 100,000 for patients on metformin therapy, with an odds ratio of
1.420271,

As metformin is primarily excreted by the kidneys, it is generally recommended not to
use metformin in patients with underlying renal dysfunction!?l. Nonetheless, in our
review we observed that 16.9% patients who developed metformin related side effects
had underlying CKD. However, emerging literature supports the use of metformin in
patients with mild to moderate renal dysfunction, when used in reduced dosage and
regular monitoring!?],

Even though renal dysfunction is a major contributing factor for metformin toxicity,
other factors like hypotension, dehydration, sepsis, ischemia, and liver impairment,
which lead to increased production or impaired clearance of lactates, may also
contribute to lactic acidosis. In our analysis, most of the patients on therapeutic doses of
metformin who developed toxicity had some insult causing acute renal dysfunction
which could have precipitated metformin toxicity. This acute insult included
concomitant use of nephrotoxic drugs, acute infection, post-operative state or
dehydration secondary to severe diarrhoea. Hence, it may be suggested that patients on

long-term metformin should be closely monitored for the development of any side-




effects in case of any acute renal insult, and concomitant use of nephrotoxic drugs
should be avoided in these patients.

Patients with MALA had severe metabolic acidosis and hyperlactatemia, with the
reported nadir of pH being 6.28[30. The mainstay of therapy for MALA remains early
aggressive resuscitation and organ support, as there is no specific antidote. In our
analysis, intravenous soda-bicarbonate was used in a large proportion of patients
(65.3%). Even though it may help in the correction of acidosis, it may lead to electrolyte
imbalance and fluid overload. In addition, it does not help in the correction of the
underlying cause. However, it may be reasonable tthuse intravenous bicarbonate in
patients with severe acidemia and patients with an arterial pH less than 7.20 in the

presence of underlying cardiovascular disease or hemodynamic compromisel3'l.

Low serum pH levels, and high lactate and metformin concentration have been
associated with severe toxicity and higher mortalityl32. However, in our review, the
patients with the lowest pH and highest serum lactate and metformin levels survived.
All three patients with acute ingestion of massive doses of metformin (more than 100 g)
survived after the institution of ECTR with complete recovery of renal functions3-351. In
addition, patients with the highest serum metformin levels (2020 and 678 mcg/mL)[3.%7]
and patients with the highest presenting lactate levels (40.2 and 35.3 mmol /L)?83° had
favourable outcomes. The lowest pH reported was 6.28, in a post-operative diabetic
CKD patient on prolonged metformin therapy, who survived after aggressive intensive
carel®]. Similar findings have also been reported by other authors who found that blood
pH, lactate and metformin levels were poor predictors of mortality in patients with

MALAHOL,

Even though metformin has a relatively large volume of distribution (1-5 L/kg), but its
small molecular size (165 Da) and lack of protein binding makes it amenable for

removal through extracorporeal therapies and use of ECIR is recommended in the




management of patients with severe toxicityl®#!l. The currently recommended
indications of ECTR include lactate levels above 20 mmol /L, pH less than 7.0, presence
of shock, reduced consciousness or in patients with failure of standard supportive
measures. The current recommendations also suggest stopping ECTR when serum

lactate levels fall below 3 mmol/L and the pH becomes more than 7.35[°1.

Intermittent HD has been recommended as the RRT modality of choice for ECTR in
patients with metformin toxicity as it provides rapid and superior correction of
acidemia and removal of metformin and lactates/®l. Lactate clearance may also be
enhanced with use of higher effluent rates and high-flux/high-efficiency dialyzers3342l.
In addition, IHD has wider availability, lesser costs and a better safety profile. Hence, it
was the most commonly used mode of ECTR as observed in our review.

Continuous RRT may be used as the second line therapy in patients with
haemodynamic instability who cannot tolerate IHDI?l. As many patients in our analysis
had haemodynamic instability requiring vasopressor support, CRRT was the second
most common mode of RRT, employed in 24.8% patients.

Slow low efficiency dialysis (SLED) is increasingly becoming a popular RRT option,
especially in ICU patients as it can achieve rapid and efficient solute clearance while
offering good haemodynamic tolerability. This fact was evidenced in our review, where
SLED was used in a few patients (5.4%) for initial RRT. There are a few reports of
effective use of resin or charcoal based haem-adsorbent filters in managing patients
with severe metformin toxicityl*344l. However, lack of widespread availability, higher
cost, limited data regarding their efficacy and risk of complications especially
haemolysis, precludes haemoperfusion (HP) using haemadsorption filters from
becoming the modality of choice for ECTR. Additionally, as metformin is not protein-
bound, HP and plasmapheresis do not offer any advantage over IHD. Peritoneal
dialysis (PD) is rarely used for ECTR because of inefficient and slow correction of

hyperlactatemia and acidosis!’l.




A similar meta-summary included 253 cases and reported a cumulative mortality of
17.2% in patients with MALAL The authors reported that non-survivors had
significantly higher levels of lactates and metformin. Additionally, lactate levels above
20 mmol/L were significantly associated with mortality. Even though the cumulative
mortality rate in our review was 19.8%, which is close to that reported by Yeh et al, our
review has significant differences. The previous meta-summary had included patients
only up to September 2014, so must have missed the recent changes in clinical practices
which might have happened after EXtracorporeal TReatments In Poisoning (EXTRIP)
guidelines, released in 2015, recommending ECTR for metformin toxicityl®l. Yeh et al,
also included conference abstracts from the EMBASE database and included
publications in all languages, explaining their relatively higher case numbersl*®l. On the
other hand, we included only English language papers and excluded conference
abstracts. In addition, we also included all patients with metformin toxicity and even

those in whom ECTR was not employed.

Strength and limitations

This review compiled 184 global studies involving 242 unique patients who had
developed metformin toxicity. In addition, we included only studies with individual
patient’s details to compare demographics, therapeutic interventions and outcomes.
The included studies were only case reports and case series without a control arm.
Hence, the efficacy and cost-benefit analysis of ECTR compared to pharmacological
therapy could not be performed. The studies were heterogeneous, with a high risk of
bias and missing data, which may impact the generalisability of the results. As we
excluded case reports or series which did not have individual biochemical data, we

might have missed some relevant case reports or series.

CONCLUSION

Metformin is associated with significant toxicity, of which MALA is most commonly

reported. Most of the reported cases were on therapeutic doses of metformin but




developed toxicity after an acute deterioration in renal function. These patients may
develop severe lactic acidosis, leading to significant morbidity and need for organ
support. However, in spite of severe lactic acidosis and need for multiple organ support
they may have good outcomes, especially when RRT is used for toxin removal. The
dose of metformin, serum pH, lactate and metformin levels may indicate the severity of
toxicity and the need for aggressive therapeutic measures but may not necessarily

indicate poor outcomes.

ARTICLE HIGHLIGHTS

Research background

Metformin is arguably the most commonly prescribed oral hypoglycemic agent (OHA)
for the management of diabetes.

Due to the lack of randomized control trials, most of the data pertaining to the clinical
course, therapeutic interventions and outcomes of patients with metformin induced

toxicity has come from case reports or series.

Research motivation
Despite severe acidosis, patients with metformin associated lactic acidosis (MALA) may
have good clinical outcomes, if it is recognized early and aggressive resuscitation

measures are initiated.

Research objectives
To analyse the symptomology, clinical interventions and outcomes of patients
presenting with severe metformin toxicity by reviewing the published case reports and

series.

Research methods




We performed a systematic search from PubMed, Science Direct, and Google Scholar

databases using the terms “metformin” AND “toxicity” OR “overdose” OR “lactic
idosis” OR “hyperlactatemia”.

The inclusion criteria were case reports or case series with individual patient details;

and reported toxicity or overdose of metformin in adults, published in the English

language.

Data regarding baseline demographics, clinical presentation, therapeutic interventions,

ICU course and overall outcome were collected.

Research results

Two hundred forty-two individual cases were analyzed, from 158 case reports and 26
case series, with a cumulative mortality of 19.8%. 214 (88.4%) patients were diabetics on
metformin.

57 (23.6%) had acute ingestion, but 76.4% were on metformin in therapeutic doses when
they developed toxicity.

MALA was the most commonly reported adverse effect present in 224 (92.6%) patients.
Patients with lowest pH and highest serum lactate and metformin levels also had

favorable outcomes with use of RRT.

Research conclusions

Most of the reported cases were on therapeutic doses of metformin but developed
toxicity after an acute deterioration in renal function.

These patients may develop severe lactic acidosis, leading to significant morbidity and
need for organ support.

Despite severe MALA and the need for multiple organ support, they may have good
outcomes, especially when renal replacement therapy is used.

The dose of metformin, serum pH, lactate and metformin levels may indicate the
severity of toxicity and the need for aggressive therapeutic measures but may not

necessarily indicate poor outcomes.




Research perspectives
Larger trials may be required to identify the risk factors associated with poor outcomes

in patients with MALA.
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