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Introduction
Lactic acidosis (LA) is a condition that shows insufficient 
cellular perfusion and oxygen provided. Inadequate 
oxygen release induces anaerobic glucose metabolism 
with the final transformation of pyruvate to lactate instead 
of the citric acid cycle of aerobic metabolism (1). LA is a 
rare condition accompanied by a very high rate of death 
(≥50%) (2). 

Large-scale statistical data from clinical investigations 
and meta-analysis have proved that when metformin 
is selected correctly is a safe drug. Accumulation of 
metformin alone rarely causes LA, and most metformin-
consumed patients (>90%) with developed metformin-
associated LA had hypoxic conditions that made prompted 

the risk of LA (3,4). LA related to this drug should be 
regarded as an avoidable adverse effect for most outpatient 
patients if it is inhibited or discontinued its consumption 
in the presence of alcohol use, heart failure, liver failure, 
severe hypoxia, kidney failure, and surgery (shock) (5).

Metformin accumulation is the possible reason for LA 
in any subject who has most or all of these conditions; 
metformin as usual treatment or overdose, a noticeable 
raised lactate level (>5 mmol/L) with a big anion gap (≥20 
mmol/L× valence of the ion), severe acidemia with a pH 
<7.4, an exact low-serum bicarbonate level (bicarbonate 
<22 mmol/L) (6). 

The contribution of subjects where the LA may be 
directly promoted by the very high levels of accumulation 
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Abstract
Lactic acidosis (LA) due to metformin prescription is a rare condition; however, this circumstance is accompanied by a very high rate of 
death (≥50%). Accumulation of metformin alone is hardly a cause of LA, and more than 90% of patients with metformin-associated LA had 
a hypoxic condition that could prompt hazards of LA. LA related to this drug occurs after iodinated contrast material (ICM) exposure when 
other contraindications to metformin use, particularly renal insufficiency neglected and leading to high plasma metformin accumulation. 
One of the most common questions for radiologists is when and at what level of kidney function this agent should be discontinued 
in cases receiving ICM and restarted again. In this study, we assess the requirement of metformin discontinuation in diabetic patients 
with chronic kidney disease (CKD) who are candidates for ICM. Therefore, we evaluate the step and withholding time of metformin 
discontinuation in CKD patients programmed for angiography with an intravenous contrast agent. Results demonstrated that for patients 
with uncertain renal function and individuals with normal estimated glomerular filtration rate and other diseases, the assessment to 
discontinue metformin (Before or at the time of the procedure) and when to reinitiate this drug should be made the decision, based on the 
individual’s circumstances.
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 Implication for health policy/practice/research/
medical education

Lactic acidosis due to metformin administration is a rare condition, 
unless it is improperly prescribed in cases with various problems 
accompanying with enhanced generation of lactate acid or in 
disturbed clearance of this compound.

of metformin is very small (≤10%), mostly this rare 
occurrence originating from overdose or acute renal 
failure. When the accumulation of metformin is the 
only cause of LA without being accompanied by another 
related disease is named metformin-induced LA (7). 
Diabetic kidney disease (8), kidney damage (9,10), and the 
intravascular iodinated contrast material (ICM) diminish 
medullary oxygenation and causes hypoxia (11). When 
tissue hypoxia is detected, metformin administration 
should be reassessed since mortality is predicted by the 
degree of initial hypoxia, not by metformin or lactate 
concentrations (12). A recent review that analyzed using 
metformin therapeutically deduced no indication of a 
relationship between metformin and LA; though this 
review data cannot be involved to the overdose subjects 
(13). 

If safety recommendations are forgotten and metformin 
is continued in the existence of contraindications, diabetic 
patients are at the hazard of advanced LA. Reduction of 
glomerular filtration rate and metformin clearance is the 
furthermost imperative risk parameter for metformin-
associated LA. Other risk factors of metformin-associated 
LA comprise diminished tissue oxygenation (such as 
hypoxemia, shock, iodinated contrast media exposure, 
sepsis, or heart failure) and reduced lactate metabolism 
(such as hepatic fibrosis or alcoholism) (Table 1) (5). 

Materials and Methods
In this study, we searched databases, including PubMed 
(Medline), Scopus, Embase, EBSCO, Web of Science, and 
search websites such as Google scholar by the following 
keywords of contrast-induced acute kidney injury, lactic 
acidosis, acute renal injury, chronic kidney disease, 
metformin, contrast-induced nephropathy, iodinated 
contrast media, metformin-associated lactic acidosis and 
glomerular filtration rate, contrast-mediated acute kidney 
injury.

Contrast-mediated acute renal damage 
Imaging techniques such as angiography by computed 
tomography due to provide evidence about blood vessels 
and body organs are usually used in disease diagnosis and 
treatment. In most of these tests, use of ICM is needed; 

however, these agents usually can either lead to renal 
diseases or cause complications in patients with kidney 
disease. In cases with prior kidney injury, particularly 
those who are diabetic, the radiographic ICM may cause 
contrast-induced nephropathy. Contrast-mediated acute 
kidney injury is defined as a raise of serum creatinine 
greater than 25% of the standard level within 48 hours. 
Iodinated contrast agents could impose their nephrotoxic 
effects in several ways, consisting of combined hypoxic 
states (hemodynamic modifications such as kidney 
vasoconstriction and decrease of vasodilatation, reduction 
of renal blood flow, glomerular filtration rate and blood 
pressure) and direct cytotoxic effects on renal tubular cells 
(11,14). The kidneys are sensitive to hypoxia because they 
receive approximately 20% of the heart’s blood output. 
Decreased tissue oxygenation, particularly medullary 
hypoxia, is a hallmark of contrast-induced acute renal 
damage. Iodinated contrast agents increase the viscosity of 
afferent arterioles of the kidney, which is the major source 
of blood supply to the medulla, and influence the balance 
between medullary oxygen delivery and its utilization. 
And this process leads to oxygen deficiency in arterial 
blood (hypoxia). Additionally, it can severely damage 
the endothelial cells or increases toxicological effects on 
kidney cells, thus complicating endothelial dysfunction 
(15).

Metformin-mediated lactic acidosis following iodinated 
contrast-induced renal damage 
Iodinated contrast agents by reduction of glomerular 
filtration rate increase the hazard of metformin 
concentration and the chance for LA. According to the 
possible association between iodinated contrast agents 
and the development of LA in cases taking metformin, 
the current guidelines limit the prescription of metformin 
in situations considered at risk for the development 
of LA, such as iodinated contrast agents’ exposure 
for percutaneous coronary intervention (PCI) (16). 
Fortunately, the incidence of nephrotoxicity after iodinated 
contrast agent administration with normal baseline serum 
creatinine is rare (17,18). The metformin-associated LA 
occurs after iodinated contrast agent exposure when 
other contraindications to metformin administration, 
particularly renal insufficiency are neglected, leading to 
high plasma metformin accumulation (19). In a previous 
study in diabetic patients treated with metformin joined 
in a LA prevention protocol who experienced intravenous 
ICM administration for computed tomography scan, 
the incidence of contrast nephropathy in cases with and 
without prior kidney insufficiency was 4.7% and 0%, 
showing that the hazard of contrast-induced renal damage 

Table 1. Reduced in each of these cases causes metformin-associated lactic acidosis and is a risk factor for it

The clearance metformin Tissue oxygenation Lactate metabolism

Acute kidney damage
Chronic renal failure

Sepsis, surgery, hypovolemia, shock, heart failure, ICM 
exposure

Liver fibrosis, alcohol abuse



                                       Lactic acidosis and metformin

                                    Journal of Renal Endocrinology, Volume 9, 2023 3

in diabetic patients with no renal injury is minimal (16). 
Thereby, instructions to discontinue metformin to prevent 
LA in individuals who are candidates for intravenous 
iodinated contrast media injection may be limited to cases 
with abnormal kidney function.
 
Chronic kidney disease and metformin administration
It is very controversial between using lower doses of 
metformin even in patients with severe renal impairment 
(20) and stopping use because of the increased metformin-
mediated LA risk in advanced chronic kidney disease 
(CKD) (21-23). 

Estimated glomerular filtration rate (eGFR) in mL/
min/1.73 m2 is based on equations using serum-creatinine, 
weight, height, age, and gender (21) is better criteria than 
serum-creatinine to describe renal insufficiently. In a 
previous investigation with more than fifty thousand 
diabetic patients, the consequence of various degrees of 
glomerular filtration rate on the safety of metformin was 
assessed (22).

This study found that patients with a lower eGFR were 
13 times more likely to develop LA. The hazard of LA or 
raised lactate values were pointedly enhanced in cases 
with renal failure (30≤glomerular filtration rate <60 
mL/min/1.73 m2), and this danger was strengthened by 
increasing metformin use duration.

In patients without CKD, metformin appears to improve 
glucose and lipid metabolism, promote weight loss, and 
delay the beginning of diabetes; however, drug-controlling 
organizations in different countries have suggested certain 
limits for metformin in CKD.

Various protocols proposed that metformin 
administration be reevaluated when the eGFR is ≤45 mL/
min/1.73 m2 and stopped when ≤30 mL/min/1.73 m2 (23).

It should remember that the absolute contraindicate 
for metformin administration in most cases is considered 
eGFR below 30 mL/min/1.73 m2; therefore, the drug should 
be stopped when eGFR is below 30 mL/min/1.73 m2. 
This drug may be continued with GFR≤60 mL/min/1.73 
m2, but renal function should be checked approximately 
every 3 to 6 months. The dose of metformin should 
be reevaluated and reduced in those with glomerular 
filtration rate ≤45 mL/min per 1.73 m2; since renal 
function should be checked approximately every three 
months. Further carefulness is required in cases at risk for 
the sudden decline in kidney function (e.g., nephrotoxic 
ICMs). A maximal daily dose of 2000 and 1000 mg was 

proposed for eGFR of 45–60 mL/min/1.73 m2 and 30–45 
mL/min/1.73 m2, respectively (24).

Iodinated contrast media and metformin administration 
in kidney insufficiently 
The results of the studies indicated that besides 
metformin administration, other risk factors (mostly 
renal insufficiency) exist for the onset of metformin-
associated LA after ICM exposure. These results indicate 
a need to assess metformin use during ICM procedures 
in cases with kidney failure. Making decisions about 
discontinuing this agent before iodinated contrast agent 
injection should be directed based on the patient’s risk 
for LA and baseline renal function (25). In cases of 
uncertain renal function (30 < estimated glomerular 
filtration rate <60 mL/min/1.73 m2) and additionally in 
individuals with normal kidney function, the contrast 
medium injection would be decided, according to the 
conditions. Due to the probability of contrast-mediated 
acute kidney injury, laboratory assessments like serum-
creatinine determination seem indispensable for all cases. 
This compound is not a nephrotoxic agent, and there is no 
identified relation between metformin and intravascular 
ICM. The relation between metformin, ICMs, and the 
danger of LA is believed to be an influencing parameter 
directed to kidney damage. Contrast-mediated acute 
kidney injury increases the probability of metformin 
concentration, thus, the probability of LA. The prevalence 
of LA is assessed to an extent from 0.1% to 13%, with 
previous kidney damage as a principal risk factor (26). One 
of the most commonly requested questions for radiologists 
is at what time and at what level of renal function the 
metformin should be discontinued in cases receiving 
iodinated contrast agents and when it must restart again. 
Table 2 presents a comparison among various guidelines 
on ICM injection in diabetic cases receiving metformin.
According to the published data, we can conclude that; 

•	 Some guidelines are not regarded eGFR ≤30 mL/
min/1.73 m2 as an absolute contraindication and 
metformin should be temporarily discontinued at 
the time of or before the procedure (27).

•	 When risk factor of ICM is added to CKD, some 
authors believe that it should withhold metformin 
at any eGFR if the patient is exposed to intravenous 
ICM administration (6) since some authors believe 
that in patients with uncertain renal function 
(30<eGFR<60 mL/min/1.73 m2 particularly with 

Table 2. Suggested recommendations for the administration of metformin based on the eGFR

eGFR  Recommendations

eGFR>60 (mL/min/1.73 m2) Continue, assess kidney function annually

45<eGFR<60 (mL/min/1.73 m2) Continue and kidney function assess (every 3‑6 month)

30<eGFR<45 (mL/min/1.73 m2) Reduced dose (e.g., by 50%), renal function check (every 3 months)

eGFR<30 (mL/min/1.73 m2) Contraindicated for metformin or stop



Rahmanian M et al

Journal of Renal Endocrinology, Volume 9, 20234

attention to Table 2, in 30<eGFR<45 mL/min/1.73 
m2) and those with normal eGFR and other diseases, 
the assessment to discontinue of metformin 
before to or at the time of the injection and when 
to reinitiate this agent would be according to the 
condition (28). 

•	 It seems safe to continue this drug in patients with 
normal renal function (eGFR>60 mL/min/1.73 m2) 
and no other comorbidities. 

•	 To recommend a more accurate way when 
assessing the hazard of contrast nephropathy, for 
example, the ratio between ICM dosage signified 
in grams of iodine (g-I) and eGFR, named I-dose/
eGFR ratio. Using the I-dose/eGFR ratio may be a 
more appropriate way of developing risk evaluation 
of contrast-mediated acute kidney injury than 
the usual procedure of estimating ICM dose from 
volume alone and renal function from serum 
creatinine alone (23). Suitable indicator of I-dose/
eGFR<1.42 is concluding the safe ICM-dose based 
on the pre-PCI renal function values (29).

•	 Other modalities like magnetic resonance imaging 
(MRI), iso- or low-osmolar ICM in the lowest 
effective dose, optimal hydration, and other ways of 
preventing contrast-mediated acute kidney injury 
should be applied when the patient is at risk.

Conclusion
Several investigations showed that metformin rarely leads 
to LA unless it is improperly prescribed in cases with 
various problems accompanied by enhanced generation 
of lactate acid (hypoxia) or in the disturbed clearance of 
this compound. It has also shown that in individuals with 
uncertain kidney function (30<eGFR<60 mL/min/1.73m2, 
particularly 30<eGFR<45 mL/min/1.73 m2) and cases 
with normal eGFR accompanied with another disease, the 
decision to discontinue the metformin before to or at the 
time of the procedure and what time it must restart would 
be according to the patient’s situations.
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