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Abstract

Metformin is the most widely prescribed oral glucose-lowering medication and serves as the first-line treatment
for type 2 diabetes mellitus due to its efficacy, cost-effectiveness, and favourable safety profile. Given its
widespread use, perioperative management of metformin is a common clinical challenge. Concerns regarding
metformin and lactic acidosis have historically led to recommendations for its preoperative discontinuation.
Recent studies, including randomized controlled trials, have found no significant difference in lactic acidosis
risk between patients who continue or discontinue metformin perioperatively. However, these studies are
highly heterogeneous, and the randomized controlled trials include a limited number of patients; on the other
hand, metformin-induced and metformin-associated lactic acidosis are uncommon. We conducted an extensive
narrative review of perioperative metformin guidelines, including ten publications from 2015 to 2024. Seven out
of ten guidelines support continuing metformin in patients without risk factors, such as impaired renal function
or the use of contrast agents. When risk factors are present, most guidelines recommend withholding metformin
on the morning of surgery. There has been a notable shift in recommendations regarding resumption. Guidelines
published before 2020 advised waiting 48 hours postoperatively, but more recent guidance suggests metformin
can be restarted once adequate oral intake is established and renal function is confirmed to be stable. However,
definitive large-scale randomized trials are still needed to establish standardized recommendations.
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Introduction

Metformin is the most commonly prescribed oral
glucose-lowering medication. It is widely regarded
as the first-line treatment of choice for individuals
with type 2 diabetes mellitus'?. Advantages include
low cost, high efficacy, and a favourable safety
profile. Furthermore, evidence suggests a modest
cardioprotective effect independent of glucose-
lowering properties. The fact that the effect on
weight ranges from neutral to modest weight loss is
a benefit compared with insulin and sulfonylureas'.

Given the widespread use of metformin, it is
frequently encountered in the preoperative setting.
Historically, metformin was recommended to be
discontinued before surgery due to concerns about
lactic acidosis. However, in recent years, this
recommendation has been increasingly challenged
as new evidence emerges. This article aims to
explore the current literature and examine the most

recent guidelines regarding the perioperative use
of metformin. Should it be withheld, or is it safe
to continue? And when is it appropriate to resume
metformin after surgery?

Methodology

An extensive search for preoperative, perioperative,
and postoperative metformin guidelines was
conducted using PubMed, Embase, and Google
Scholar. Recognizing that many official guidelines
may not be indexed in traditional medical databases
like PubMed or Embase, we also explored additional
online sources. The search terms were “perioperative
metformin guidelines”, “metformin preoperative
management”, “metformin postoperative
management”, “diabetes perioperative guidelines”,
and “anesthesia guidelines for diabetic patients”.
Only guidelines published in English and between
January 2014 and January 2025 were included.
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To evaluate the scientific basis of the guidelines,
a comprehensive literature search for clinical
trials was performed in PubMed, Embase,
and ClinicalTrials.gov, using the search terms
“perioperative metformin,” “metformin surgery,”
and “metformin lactic acidosis surgery.” Only
studies published in English between January 2004
and November 2025 were included.

Background
Mechanism of action

Metformin was first introduced as a glucose-
lowering agent in 1957 due to its remarkable ability
to reduce blood glucose levels. Despite its long-
standing clinical use, the exact mechanism of action
remains under investigation. The primary effect
is the inhibition of hepatic gluconeogenesis.The
main target organelles involved are mitochondria
and lysosomes. The glucose-lowering effect
occurs through both AMP-activated protein kinase
(AMPK)-dependent and AMPK-independent
pathways.There is strong evidence that the gut and
microbiota also contribute to glucose regulation,
for instance by stimulating intestinal L-cells to
release incretins such as glucagon-like peptide 1
(GLP-1) and peptide YY. Notably, metformin is
not metabolized by the liver; its elimination relies
entirely on renal function'**.

Side effects

Adverse effects of metformin are relatively
common but generally mild and transient, with
gastrointestinal intolerance being the most
frequently reported (20-30%). Other potential
side effects include vitamin B12 deficiency
(approximately 10%), lactic acidosis (3—10 cases
per 100,000 patient-years), and hypoglycemia,
the latter depending on concomitant use of other
glucose-lowering medications'**.

Gastrointestinal

Gastrointestinal effects of metformin include
diarrhea, nausea, flatulence, abdominal discomfort,
and a metallic taste. These symptoms are
typically mild, dose-dependent, and transient.
The underlying mechanism is thought to involve
the accumulation of metformin in enterocytes of
the small intestine, leading to local irritation and
increased fluid retention in the large intestine.
Gradual dose titration, dose reduction, or taking
medication with meals has been shown to alleviate
symptoms. Switching to an extended-release
formulation may further reduce gastrointestinal
side effects by reducing intestinal metformin
accumulation'*7*,
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Lactic acidosis

A potentially lethal, though rare, complication
of metformin therapy is the so-called metformin-
associated lactic acidosis (MALA). The estimated
incidence is low, with 3—10 cases per 100,000
person-years, yet the reported mortality remains
high, ranging from 30% to 50% depending on the
clinical setting'>*°.

Historically, MALA is commonly defined as
a lactic acidosis (blood pH < 7.35 and lactate
> 5.0 mmol/L) in the context of metformin use
or overdose. Importantly, this definition lacks
nuance, as it does not establish causality between
metformin and lactic acidosis™".

This underlines the importance of distinguishing
between metformin-induced lactic acidosis
(MILA), metformin-unrelated lactic acidosis
(MULA), and MALA. MILA is defined as lactic
acidosis that results directly and exclusively from
the toxic accumulation of metformin, with no other
contributing comorbidities. In contrast, MULA
refers to lactic acidosis occurring in a patient taking
metformin, but without metformin accumulation,
where the acidosis is entirely attributable to
other causes (e.g., sepsis or hypoperfusion).
Finally, MALA is a mixed form, in which both
metformin accumulation and underlying comorbid
conditions contribute to lactic acidosis. Accurate
classification is essential, as it directly guides
prognosis and management'.

Thus, diagnosing lactic acidosis in metformin
using patients is challenging and prone to pitfalls.
The first step is to establish whether true metformin
accumulation is present, for example due to renal
failure or overdose. The second is to determine
whether lactic acidosis is directly attributable
to metformin or to another precipitating factor
such as sepsis, shock, or hepatic dysfunction.
Nevertheless, therapeutic levels of metformin
vary widely between individuals, and high
concentrations do not consistently correlate with
lactic acidosis™.

Measuring both plasma and erythrocyte
metformin concentrations can be informative:
plasma levels mainly reflect recent intake, whereas
erythrocyte concentrations better indicate tissue
accumulation. While no universally accepted
toxic threshold has been established, a recent
retrospective observational study proposed a
plasma concentration of 9.9 mg/L"".

The mechanism causing this metabolic acidosis
involves the stimulation of anaerobic metabolism
at the earlier mentioned mitochondria and
lysosomes, which leads to elevated lactate levels
in the body. Patients often present with nonspecific



symptoms, including gastrointestinal complaints
such as nausea, vomiting, and diarrhea'?*’

Precipitating factors for MALA include sepsis,
heart failure, chronic liver disease, and renal
impairment. This is because these conditions can
elevate metformin levels beyond the therapeutic
range by reducing renal clearance or impairing
hepatic lactate metabolism, thereby increasing
overall lactate levels. In addition, deteriorating
kidney and liver function, as well as increased
lactate production due to tissue damage, can
occur during surgery and be contributing factors,
especially in major procedures'>*'2.

Although the recommendation to discontinue
metformin perioperatively has been in place
since a 1997 case report of MALA following
minor surgery, the association between surgery,
anesthesia, and MALA remains unclear, with
evidence limited to sporadic clinical cases'*'.

The treatment for lactic acidosis is mainly
supportive, as no specific antidote exists, and
centers on correcting acid-base disturbances,
addressing contributing comorbidities, and
promoting metformin clearance when indicated. In
cases of intoxication, early presentation may allow
for activated charcoal. The severity of the condition
will guide therapy, which may include bicarbonate
infusion if the pH is below 7.20, hemodialysis, or
continuous venovenous hemofiltration™".

Role in the treatment of diabetes mellitus

If diet and lifestyle interventions fail to achieve
glycemic goals, metformin is the recommended
first-line pharmacological therapy in type 2 diabetes
mellitus if there is no history of atherosclerosis
cardiovascular disease or chronic kidney disease
(CKD), as endorsed by the American Diabetes
Association (ADA)’.

Metformin, known for its ability to reduce A1C
levels by 1-2% as monotherapy or in combination
therapy, is both cost-effective and well-established
due to its long history of use and favorable safety
profile. It has shown significant cardiovascular
benefits, as demonstrated by a 30% reduction in the
risk of macrovascular complications in the United
Kingdom Prospective Diabetes Study (UKPDS)
study in a small subgroup of the total cohort
treated with metformin compared to the diet-only
group. This finding was later confirmed by studies
such as the Dutch HOME trial. Unlike insulin and
sulfonylureas, metformin is weight-neutral or may
even promote weight loss**'6,

Research indicates that the efficacy of metformin
is dose dependent. Up to 2000-2500 mg/day,
there is a linear relationship between the dose of
metformin and a reduction in A1C values. With a

maximal dose of 2500 mg, one can achieve an A1C
reduction of up to 2.0%".

Contra indications

Metformin is contraindicated if the estimated
glomerular filtration rate (eGFR) is < 30 mL/
min/1.73 m?, as the kidneys are unable to
adequately clear metformin, increasing the risk of
lactic acidosis. When the eGFR is between 30 and
60 mL/min/1.73 m?, metformin may be used at a
reduced dose, as recommended by the U.S. Food
and Drug Administration (FDA) and the European
Medicines Agency (EMA). However, in recent
years, there is increasing evidence that metformin
can be used in patients with stable CKD even up
to CKD stage 4. A dose adjustment is required in
the following stages: CKD 3A: 1500 mg/day, CKD
3B: 1000 mg/day, and CKD 4: 500 mg/day'*"".

Other contraindications include liver disease,
acute unstable congestive heart failure, conditions
with decreased perfusion or hemodynamic
instability, alcoholism, and acidosis-related
conditions'*.

Pregnancy is not a contra-indication, nevertheless,
there are some concerns regarding the metabolic
effects on the child, according to the ADA®.

Other indications for discontinuing metformin

Other indications for temporarily stopping
metformin are related to acute kidney injury.
Acute illness, often combined with dehydration,
can worsen kidney function and potentially lead to
MALA®.

lodinated contrast is another potential reason
to discontinue metformin. Nearly all major
organizations — including the FDA, the European
Society of Urogenital Radiology, the American
College of Radiology, the ADA, and the National
Kidney Foundation — agree that metformin
should be discontinued when the estimated eGFR
falls below 30 mL/min/1.73 m?. Although, for
eGFR values between 30 and 60 mL/min/1.73
m?, each organization offers its own specific
recommendations. The ADA recommends making
a case-by-case decision on the need to suspend
metformin for an eGFR of 30-60 mL/min/1.73 m?
in the absence of other risk factors for worsening
renal function. An overview of these guidelines is
summarized in Table I*'%,

Perioperative management

Patients with diabetes undergo surgical procedures
more frequently than those without, and poor
glycemic control is associated with increased
postoperative morbidity and mortality following
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Table I. — Guidelines regarding the management of metformin in contrast-enhanced imaging: continuation or discontinuation

— last updated 16 June 2025.

¢GFR <30 mL/ eGFR 30 — 60 mL/ e¢GFR > 60 mL/
min/1.73m? min/1.73m? min/1.73m?
Continue Stop Continue Stop Continue Stop
FDA * v v vk
European Society of Urogenital v Ve VE
Radiology *
American College of Radiology v Individual decision v
National Kidney Foundation ' v Individual decision v
ADA* v Individual decision Vi)
*a If there is no history of liver disease, alcoholism, heart failure; or intra-arterial iodinated contrast; *b If there is no AKI; or first renal
passage of contrast.
Abbreviations: FDA, Food and Drug Administration; ADA, The American Diabetes Association; AKI, acute kidney injury; eGFR,
estimated glomerular filtration rate.

surgery. Historically, metformin was recommended
to be stopped the day before or the day of surgery
due to the higher risk of lactic acidosis and the
potential worsening of renal function associated
with surgery. However, evidence regarding the
perioperative management of metformin remains
limited and is primarily based on expert opinion
and consensus'®. So, what is the current state of
affairs at this moment?

Scientific background

In recent years, several clinical studies have sought
to address the concern of metformin and lactic
acidosis in the postoperative setting. Data extracted
from these clinical investigations and available
scientific research provide valuable insights into
the safety of metformin use in the postoperative
setting.

Randomized controlled trials

Below, we synthesize the key findings from
randomized clinical trials conducted over the past
20 years that investigated the use of metformin in
the perioperative context.

A double-blind randomized clinical trial
conducted in 2011 compared the effects of high-
dose metformin (1000 mg twice daily with insulin)
(n = 94) versus insulin alone (n = 96) in type 2
diabetic patients following coronary artery bypass
surgery. No significant differences in lactate
levels or lactic acidosis were observed between
the groups. However, no cases of lactic acidosis
occurred in either group, and metformin was not
initiated preoperatively?..

Another double-blind randomized clinical
trial conducted in 2011 compared metformin
plus insulin (n = 46) with insulin alone (n = 47)
during the postoperative period (from 3 hours after
extubation). There was a significant difference
in glycemic control, with more episodes of both
hyperglycemia and hypoglycemia observed in the
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insulin alone group. No significant differences
in lactate levels were observed up to 5 days
postoperatively, and no cases of lactic acidosis
were reported. The main limitations of this
study were again the small sample size and the
discontinuation of oral hypoglycemic agents 48
hours before surgery*.

In 2015, a placebo-controlled, double-blind
study was conducted in non-diabetic adults
undergoing elective on-pump CABG surgery. The
study compared metformin (n = 52) and placebo
(n = 48) administered three days before surgery to
evaluate myocardial injury, assessed by troponin
measurement. No difference in troponin levels was
found, indicating no beneficial effect of metformin
in preventing myocardial injury. However,
metformin appeared safe, as no differences were
observed in secondary endpoints such as inotropic
support, time to extubation, duration of stay in the
intensive care unit, or postoperative insulin use.
Data on lactate levels or glycemic control were not
reported®.

Furthermore, in 2017, a randomized controlled
trial was conducted in patients with type 2 diabetes
mellitus scheduled for non-cardiac surgery (n
metformin group = 37, n control group = 33).
Postoperative glucose levels were similar between
groups, and postoperative lactate levels did not
differ significantly. The authors concluded that
metformin did not raise lactate levels to a clinically
relevant degree. Nevertheless, the number of
patients was limited, and no cases of lactic acidosis
occurred, which is unsurprising given the rarity of
this complication®.

In 2018, arandomized controlled trial was carried
out in patients with type 2 diabetes who were taking
oral antidiabetic medications (metformin and/or
sulfonylureas) and were scheduled for ambulatory
surgery (n stop medication on the day of surgery
= 73, n continue medication = 69). Perioperative
blood glucose levels were significantly lower in



the group that continued their medication. Although
a clear difference in blood glucose levels was
observed, the study does not demonstrate whether
this translates into a clinically relevant effect.
Additional limitations include the mixed inclusion
of sulfonylurea users and the absence of lactate
measurements®.

A recent double-blind randomized controlled
trial was conducted in elective colon cancer patients
without diabetes. One group received metformin
(n = 23), while the control group received no
placebo (n = 25), to investigate postoperative
hyperglycemia. Treatment was initiated 20 days
before and continued for 10 days after surgery
(restarting with the first postoperative meal). The
study found a significant reduction in postoperative
hyperglycemia, defined as blood glucose levels
>180 mg/dL, in the metformin group. However,
no significant difference was observed when
hyperglycemia was defined as >138 mg/dL.
Study limitations included inconsistent timing
of blood glucose measurements across patients,
lack of routine measurement of lactate levels, and
discontinuation of metformin on the morning of
surgery®.

Two randomized controlled trials are still ongoing.
One is examining metformin versus placebo in
patients undergoing total joint replacement surgery.
In this study, metformin is continued on the day
of surgery, and both patients with and without
diabetes are eligible for inclusion. A limitation is
the small sample size (n = 40)*. The other trial will
compare continuation of metformin therapy versus
preoperative cessation of oral metformin 24 hours
before non-cardiac surgery to evaluate the effects
on perioperative glycemic control®.

Prospective and retrospective trials

A 2010 Cochrane review, including 347 prospective
comparative trials and observational cohort
studies with a total of 96,295 patients with type 2
diabetes, was conducted. This large-scale analysis
found no increased incidence of lactic acidosis in
patients treated with metformin compared with
those receiving other antihyperglycemic agents.
However, this Cochrane review was not performed
in a perioperative setting, and the included studies
were highly heterogeneous®.

In total, four studies—retrospective or
prospective—found no significant difference in
postoperative mortality or the incidence of lactic
acidosis among metformin users. Nevertheless,
these studies were highly heterogeneous; metformin
was mostly discontinued on the morning of
surgery, and routine lactate measurements were not
consistently performed****,

A summary of all studies, including randomized
controlled trials, on perioperative metformin use
over the past two decades is presented in Table II.

Guidelines

This section describes the differences among
existing guidelines concerning the perioperative
management of metformin, indicating when the
medication should be withheld and when it should
be restarted. The guidelines are discussed in order
of the date of publication.

1.The Association of Anaesthetists of Great Britain
and Ireland (AAGBI) states that metformin can
be continued on the day of surgery. If the patient
has an eGFR below 60 mL/min/1.73m? and/or
contrast medium is used, metformin should be
discontinued on the day of the procedure and for
the next 48 hours®.

2.The Association of British Clinical Diabetologists
(ABCD), similar to the AAGBI, recommends
continuing metformin on the day of surgery,
with the exception of skipping the lunch dose if
there are three doses. As with the AAGBI, if the
patient’s eGFR is below 60 mL/min/1.73m? and/
or contrast media is used during the procedure,
metformin should be discontinued on the day of
surgery and for the following 48 hours*.

3.The Society for Endocrinology, Metabolism
and Diabetes of South Africa (SEMDSA)
recommends continuing metformin if iodinated
contrast imaging is not used, the patient has
an eGFR > 60 mL/min/1.73 m?2, and there
is no history of liver disease, alcoholism, or
heart failure. If metformin was stopped due
to the presence of any of the aforementioned
conditions, it should be withheld on the day
of surgery and restarted 48 hours later if renal
function is stable (reassess eGFR after 48 hours)
and the patient has a normal intake®.

4.The French Society of Anaesthesia and Intensive
Care Medicine (SFAR) and the French Society
for the Study of Diabetes (FSD) recommend
discontinuing metformin the night before major
surgery. Their reasoning is that there is no
urgency to resume metformin, and that insulin
can be used safely for in-hospital patients during
the interim period. In the case of minor or
outpatient surgery, metformin may be continued,
provided there is no severe renal impairment
(with no specific eGFR threshold mentioned)™*.

5.Diabetes Australia and the Royal Australian and
the College of General Practitioners (RACGP)
recommend withholding oral glucose-lowering
medications on the morning of surgery,
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irrespective of whether they are on the morning
or afternoon list. Postoperatively, metformin
can be restarted 24 hours after major surgery,
provided there has been no deterioration in serum
creatinine”’.

6.The American Society of Anesthesiologists (ASA)
differentiates between two types of surgery:
in minor surgery metformin can be continued,
except in patients with renal dysfunction (no
specific eGFR threshold provided), procedures
requiring contrast medium administration or
when using nonsteroidal medications. While in
major surgery metformin should be stopped the
day before surgery. In both situations, metformin
should be restarted once oral intake is restored
and kidney function is stable®.

7.Just like the ABCD and the AAGBI, the Centre
for Perioperative Care (CPOC) recommends
continuing metformin on the day of surgery. If
the patient has an eGFR below 60 mL/min/1.73m?
and/or contrast medium is used, metformin should
be discontinued on the day of the procedure and
for the next 48 hours. Similar to the ABCD, the
CPOC recommends omitting the lunchtime dose
if the patient is on a three-times-daily regimen®*>*,

8.The American Diabetes Association (ADA)
recommends discontinuing metformin on the
day of surgery, without distinguishing between
major and ambulatory surgery or taking risk
factors into account. Postoperatively, assess the
presence of contraindications before considering
its reintroduction®.

9.The Australian and New Zealand College of
Anaesthetists (ANZCA) and the Australian
Diabetes Society (ADS) recommend discontinuing
metformin on the day of surgery and restarting it
once the patient resumes eating. In patients with
renal impairment (CKD stage 3B or below / eGFR
<45 mL/min/1.73 m?) or those undergoing major
surgery, metformin should be restarted once renal
function is deemed adequate®.

10.The Society for Ambulatory Anesthesia advises
patients undergoing ambulatory surgery to
continue metformin unless the eGFR is below 45
mL/min/1.73 m? and/or the procedure involves
nephrotoxic agents (e.g., contrast dye). If
metformin was stopped, it can be resumed once
food intake is adequate®.

An overview of these guidelines for the preoperative
and postoperative management of metformin is
summarized in Table III.

Discussion

Our review of current international guidelines
reveals a consistent recommendation to continue
metformin in the perioperative period, provided
there are no significant risk factors. Specifically,
seven out of ten guidelines support the continuation
of metformin in patients with preserved renal
function (eGFR > 60 mL/min/1.73 m?) and no
exposure to iodinated contrast media. Only a few
still advocate for routine discontinuation without
considering individual risk profiles. In cases where
risk factors are present—such as impaired renal
function or the planned use of contrast agents—
most guidelines (8 out of 9) advise withholding
metformin the morning before surgery. Only the
guideline of ASA is more cautious and advises to
stop 24 hours before*+!,

The latest guidelines are supported by current
scientific evidence. Multiple studies, including
randomized controlled trials, have demonstrated
no increased incidence of lactic acidosis with
continued metformin use in the perioperative
setting, provided that contraindications are absent.
So the longstanding concern over metformin and
lactic acidosis, largely based on anecdotal reports
of biguanide-associated lactic acidosis, is thus
increasingly challenged'>**2*%.

However, these findings have limitations. The
randomized controlled trials generally have small
sample sizes; because MALA and MILA are rare
conditions, the studies are clearly underpowered to
draw a definitive conclusion. Only 2 out of the 6
randomized controlled trials continued metformin
perioperatively. Furthermore, the studies exhibited
significant heterogeneity in primary endpoints, trial
design, types of surgery, and patient populations,
with some including non-diabetic individuals®' .

Current evidence suggests that metformin can
be safely restarted once oral intake is tolerated,
provided no additional risk factors are present.
Indeed, in patients with identifiable risk factors,
guidelines before 2020 recommend restarting
after 48 hours, while more recent guidelines tend
to restart when patients resume oral intake. We
anticipate that continuing or promptly restarting
metformin in the perioperative period may enhance
glycaemic control and reduce the (temporary)
need for insulin. From the patient’s perspective,
uninterrupted metformin use may also help prevent
postoperative medication errors, making treatment
plans easier to follow. The majority, but not all,
studies show better glycemic control when using
metformin in combination with insulin versus
insulin alone. However, the true safety benefit of
an earlier versus delayed reintroduction remains
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uncertain, as no clinical studies have yet assessed
its effectiveness or necessity. Further research is
needed to determine whether immediate reinitiation
upon resumption of oral intake or a more cautious
delay offers the best balance between safety and
glycemlc Contr012,4,21,22,24-26,33-40.

Conclusion

In this review, we have outlined the mechanism of
action of metformin and its role in current clinical
practice. Given the potential for adverse events,
its use in the perioperative setting requires careful
consideration. To help guide clinical decision-
making, we have conducted a comprehensive
review of current international guidelines regarding
the use of metformin in the perioperative period.
The vast majority of professional societies now
recommend continuing metformin perioperatively
in patients with normal renal function (eGFR >
60 mL/min/1.73 m?®) and no anticipated use of
1odinated contrast media. However, if metformin
needs to be discontinued—such as in cases of
impaired renal function (eGFR < 60 mL/min/1.73
m?) or contrast exposure—it is typically withheld
the morning before surgery. Resumption of
metformin is recommended 24 hours after surgery,
or once oral intake is tolerated, according to most
guidelines. These recommendations are expected
to significantly impact the management of diabetic
patients on metformin by making perioperative
guidelines more practical and easier to implement.
Despite growing support for the safety of
continuing metformin in low-risk patients, there is
a lack of large, high-quality randomized controlled
trials to robustly support current recommendations.
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