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Abstract
Objective Although hemodialysis is recommended for patients with severe metformin-associated lactic acidosis (MALA), the
amount of metformin removed by hemodialysis is poorly documented. We analyzed endogenous clearance and hemodialysis
clearance in a patient with MALA.
Methods A 62-year-old man with a history of type II diabetes mellitus presented after several days of vomiting and diarrhea and
was found to have acute kidney injury (AKI) and severe acidemia. Initial serum metformin concentration was 315.34 μmol/L
(40.73 μg/mL) (typical therapeutic concentrations 1–2 μg/mL). He underwent 6 h of hemodialysis. We collected hourly whole
blood, serum, urine, and dialysate metformin concentrations. Blood, urine, and dialysate samples were analyzed, and clearances
were determined using standard pharmacokinetic calculations.
Results The total amount of metformin removed by 6 h of hemodialysis was 888mg, approximately equivalent to one therapeutic
dose. Approximately 142mg ofmetformin was cleared in the urine during this time. His acid-base status and creatinine improved
over the following days. No further hemodialysis was required.
Conclusion We report a case of MALA likely secondary to AKI and severe volume depletion. The patient improved with
supportive care, sodium bicarbonate, and hemodialysis. Analysis of whole blood, serum, urine, and dialysate concentrations
showed limited efficacy of hemodialysis in the removal of metformin from blood, contrary to previously published data. Despite
evidence of acute kidney injury, a relatively large amount of metformin was eliminated in the urine while the patient was
undergoing hemodialysis. These data suggest that clinical improvement is likely due to factors besides removal of metformin.

These data were previously presented at the annual congress of the
European Association of Poisons Centres and Clinical Toxicologists
(EAPCCT) in May 2018 in Bucharest, Romania.
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Introduction

Metformin is an oral biguanide used in the management of
patients with diabetes mellitus. In 2015, there were over 83
million prescriptions of the medication, making it the fourth
most commonly prescribed medication in the USA [1].
Mechanistically, it works by inhibiting gluconeogenesis to
decrease hepatic production of glucose while also augmenting
uptake of glucose in peripheral tissues. Additionally, metfor-
min enhances glucose transporters in muscle tissue, increases
intestinal glucose utilization, and decreases fatty acid
oxidation.

In severe toxicity and in the setting of therapeutic use with
acute kidney injury, patients develop a metabolic acidosis
with hyperlactatemia, more commonly referred to as
metformin-associated lactic acidosis (MALA).While support-
ive care alone is beneficial for many patients, and sodium
bicarbonate is frequently used in the case of severe acidemia,
hemodialysis (HD) is ultimately the treatment of choice for
patients with severe MALA. [2] Although some of the char-
acteristics of metformin (low molecular weight [165 Da] and
low protein binding [1.1%–2.8%]) are properties that make it
seem amenable to HD, these benefits are outweighed by its
large volume of distribution (in adults, 654 ± 358 L) and the
partitioning of metformin into erythrocytes over time [3, 4].
While some studies suggest a benefit of HD in MALA pa-
tients, rigorous pharmacokinetic data analyzing the removal of
metformin and comparing it with endogenous clearance has
not yet been reported. We report a patient receiving therapeu-
tic dosing of metformin who developed MALA and was treat-
ed with sodium bicarbonate and HD with a favorable out-
come. Our analysis includes blood, urine, and dialysate met-
formin concentrations to help characterize the clearance of
metformin both endogenously and by HD.

Case Report

A 62-year-old incarcerated man with a history of type II dia-
betes mellitus presented to the ED after several days of ab-
dominal pain with vomiting and diarrhea. He was receiving
metformin by the prison infirmary (metformin 500 mg twice
daily) and was unlikely to have acutely overdosed. On arrival,
his vital signs were BP, 132/91 mmHg; HR, 94/min; RR, 40/
min; O2 Sat, 100% on room air; and temperature, 97 °F. His
weight (only measured after HD) was 73.8 kg. Shortly there-
after, on bedside physical examination, he appeared uncom-
fortable, was tachycardic and tachypneic, and had diffused
abdominal tenderness to palpation. He was found to have
acute kidney injury (AKI) with a serum creatinine of

10.5 mg/dL (significantly higher than his baseline serum cre-
atinine of 1.1 mg/dL). Severe acidemia was also present:
pH 6.818 (reference range 7.32–7.41), PCO2 25.7mmHg (ref-
erence range 42–53 mmHg), bicarbonate 5.9 mEq/L (refer-
ence range 24–28mEq/L), and lactate > 20mmol/L (reference
range 0.7–2.1 mmol/L). Full laboratory studies are reported in
Table 1. His initial serum metformin concentration in the ED
was 40.73 μg/mL (315.34 μmol/L). For comparison, typical
dosing regimens result in steady-state metformin concentra-
tions of less than 1 μg/mL, with peak concentrations ranging
from 2.01 μg/mL (healthy nondiabetic adults) to 4.12 μg/mL
(severe renal impairment) [4]. In the emergency department,
he received 3 ampules (150 mEq) of sodium bicarbonate as an
intravenous bolus followed by an infusion of 6 ampules
(300 mEq) of sodium bicarbonate in 2 l of normal saline.
His heart rate and abdominal pain improved with this inter-
vention. However, the decision was made to perform HD
given the degree of acidemia, hyperlactatemia, and kidney
injury. The team placed a HD catheter in the right femoral
vein. On transfer to the ICU, he underwent 6 h of HD
(Fresenius 2008 k dialysis machine, Optiflux Advanced filter,
250 mL/min blood flow rate, 600 mL/min dialysate flow rate,
HCT 25.5%). We collected and analyzed hourly whole blood,
serum, urine, and dialysate metformin concentrations before,

Table 1 Initial emergency department laboratory results

Venous blood gas

pH 6.818

PCO2 25.7 mmHg

PO2 65.7 mmHg

Bicarbonate 3.9 mEq/L

Lactate > 20 mmol/L

Complete blood count

White blood cell count 8800/nL

Hemoglobin 8.9 g/dL

Hematocrit 27.5%

Chemistry

Sodium 146 mmol/L

Potassium 5.9 mmol/L

Chloride 89 mmol/L

CO2 < 10 mmol/L

Blood urea nitrogen 88 mg/dL

Creatinine 10.5 mg/dL

Glucose 335 mg/dL

Calcium 8.5 mg/dL

AST 27 U/L

ALT 13 U/L
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during, and after HD to quantify the efficiency of HD in the
removal of metformin. Consent for publication of this case
was obtained from the patient in accordance with JMT policy.

Methods

Hourly blood, urine, and dialysate samples were collect-
ed at bedside beginning 2 h prior to HD, proceeding
through HD, and ending 1 h following completion of
HD. Blood samples were drawn from the patient’s IV
line (pre-HD) and from the return line from the HD ma-
chine (post-HD). Urine samples were collected from the
Foley catheter bag, followed by emptying the bag until
the next sample. Dialysate samples were obtained from
the HD machine drainage line. Blood samples were cen-
trifuged by the hospital laboratory, so each blood sample
had both whole blood and serum samples obtained for
analysis. Both samples were obtained and analyzed to
evaluate the amount of metformin redistributed into red
blood cells. The samples were then analyzed using LC-
MS/MS (Pinpoint Testing, LLC; Little Rock, AR). Due
to initial metformin concentrations being above the upper
limit of detection, a 1:100 dilution was required to obtain
meaningful concentrations in blood, serum, urine, and
dialysate. The test results were then analyzed using
Microsoft Excel (Redmond, WA). Urine clearance, HD
removal rates, and total amounts cleared/removed were
determined using standard pharmacokinetic calculations
(Table 2) [5].

Results

The average whole blood clearance of metformin during HD
was 37.74 mL/min, while the average plasma clearance of
metformin was 47.27 mL/min (Fig. 1). The average whole
blood extraction ratio was 0.15. While on HD, the average
urine clearance of metformin was 21.88 mL/min, which im-
proved to 34.01 mL/min upon completion of HD. The total
amount of metformin removed by 6 h of HD was only
888 mg, which is approximately one therapeutic dose
(Fig. 2). In comparison, approximately 142 mg of metformin
was cleared in the patient’s urine over the same 6 h (Fig. 3).
No further HD was required, and the patient was discharged
several days later after improvement in acid-base status and
kidney function.

Discussion

The data obtained from this patient represents, to our knowl-
edge, the most thorough analysis of metformin concentrations
during HD that is currently available in that we analyzed serial
serum and whole blood metformin concentrations prior to,
during, and following HD, and in the patient’s dialysate and
urine metformin concentrations. The patient presented with
typical chronic metformin toxicity associated with volume
depletion or illness. As such, our data pertains to chronic tox-
icity as opposed to acute toxicity. Given the time-dependent
partitioning of metformin into red blood cells, over time, met-
formin becomes less available in the serum for rapid removal
via hemodialysis. Conversely, in acute overdose more of the
medication is available in the serum compartment prior to
redistribution, making it more available for removal by HD.
While it is possible for incarcerated patients to acutely over-
dose on a substance and this possibility cannot be absolutely
excluded in this case, the patient insisted on only therapeutic
dosing of his medication and had no history of depression or
suicidality. Current guidelines for use of HD in MALA state
that HD is recommended for a lactic acid concentration >
20 mmol/L, pH ≤ 7.0, shock, failure of standard supportive
measures, or decreased level of consciousness [2]. In line with
this, he received HD based on his severe metabolic acidemia
and hyperlactatemia, with the dual goal of improving his acid-
base status and removing metformin. Upon review of the data
analyzed, however, it became evident that the amount of met-
formin removed (slightly more than one therapeutic dose—
Fig. 2) made it unlikely to be the primary driving force behind
the patient’s clinical improvement. It is also interesting to note
that, as the patient improved clinically (hemodynamics stabi-
lized, acidemia improved, and serum lactate concentration
slowly decreased), the amount of metformin cleared in the
urine increased, further suggesting that aggressive supportive
care is helpful in these clinical situations (see Fig. 3).

Table 2 Pharmacokinetic calculations used

Hemodialytic clearance (CLHD) = (QD x CE)

Whole Blood clearance (CLWB) = ER x QB

Serum clearance (CLS) = ER x [1 - (Hematocrit/100)] x QB

ER = Extraction ratio = (CACCESS - CRETURN)/CACCESS

(calculated for both whole blood and serum)

Renal clearance (CLR) = (CU x QU)/CP

Legend

Concentrations (C)

CACCESS Whole blood or plasma sampled pre-HD

CRETURN Whole blood or plasma sampled post-HD

CE Effluent

CU Urine

Q Flows

QB Blood

QD Dialysance

QU Urine
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Furthermore, we provide data for both whole blood and serum
metformin concentrations, quantifying the effects of potential
partitioning of drug into the red blood cells. These results are
somewhat consistent with amounts reportedly removed by
HD in previous papers In contrast, however, other authors
have used an extraction ratio to predict clearance (and as a
result showed much higher serum clearance rates), whereas
our results are directly quantified not only from blood and
dialysate sampling but also urine [6]. As a result, previous
conclusions that HD is efficacious in removal of HD may be
overstated; they do not take into account endogenous urinary
clearance once the acid-base and volume status of the patient
is corrected. Furthermore, previously documented successful
use of high flow HD that showed precipitous decreases in
metformin concentration were reported in cases of acute met-
formin ingestion, rather than cases of chronic ingestion com-
plicated by acute kidney injury as with our patient [7]. Given
other data that suggests metformin is well-removed from the
plasma, in conjunction with data showing partitioning of

metformin into deeper components (notably erythrocytes
and other tissues), it would be reasonable to assume this
partitioning is responsible for the decreasedmetformin remov-
al seen in this case [8, 9]. Redistribution from these compart-
ments may also explain the reboundmetformin concentrations
seen at hour 4 in our patient. Once all elimination mechanisms
are taken into account, the amount of metformin removed with
HD, while higher than endogenous urinary clearance is far
less than anticipated. This suggests that, once acid-base status
has been addressed with HD, less-invasive supportive care
measures can be utilized to promote further metformin elimi-
nation via endogenous excretion.

Limitations

As with all case-based publications, this specific case represents
the pattern of elimination of metformin in one single instance of
toxicity. Unfortunately, the patient’s other comorbidities, his
baseline creatinine, and subsequent laboratory studies and

Fig. 2 HD removal of metformin
during hemodialysis. Analysis
total metformin removed does not
include time point 0, given that
was when HD was started

Fig. 1 Whole blood and serum
metformin concentrations during
hemodialysis. (Patient placed on
HD at hour 0)
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therapeutics following this admission were unavailable.
Variations between this report and others may relate to human
variability or differences in HD technique such as blood flow
rate, dialysate flow rate, or filter. There also appear to be notable
differences between MALA secondary to chronic accumulation
vs acute ingestions (in which HD may remove more metformin
as it is still mainly in the plasma). However, given the extensive
amount of data obtained in our case including blood from both
before and after HD, as well as urine and dialysate, we believe
that these data can be applied to manage similar patients with
chronic metformin toxicity. Likewise, our results are on the order
of magnitude reported by others [6]. It is difficult to definitively
explain the rebound pattern seen in the blood metformin concen-
trations at hour 4.We hypothesize this reboundmay be related to
either redistribution from a secondary compartment, hemolysis in
the HD circuit, or laboratory error, although labeling and analysis
were performed rigorously to avoid any confusion of samples.

Conclusions

Metformin associated lactic acidosis represents the most
severe complication that occurs with therapeutic use and
overdose of metformin. Given the severe derangements
in metabolic status, the cornerstones of patient care are
aggressive supportive care and, in extreme cases, HD.
Supportive care and hemodialysis improved urinary ex-
cretion of metformin in line with improving clinical sta-
tus, while hemodialysis removed less metformin than
previously reported. While the clinical efficacy of HD
in improving patient outcomes seems clear, the data pre-
sented here questions the mechanism by which HD
seems to benefit metformin-toxic patients— correction
of acid-base status rather than metformin removal.

Compliance with Ethical Standards Consent for publication
of this case was obtained from the patient in accordance with JMT.
policy.
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