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Abstract

Objectives Metformin has been shown to reduce

diabetic complications in overweight patients, and is

increasingly used to treat this condition. However,

this agent is associated with a rare but serious risk of

lactic acidosis.

Methods From January 2004 to November 2008, 11

cases of metformin-associated lactic acidosis were

seen at a medical center in Taiwan. The patients’

records were retrospectively reviewed with respect to

clinical presentation, biochemical data, therapeutic

strategies, and outcomes.

Results Ten out of 11 patients with acute kidney

injury were enrolled in this study. From their pre-

existing states, these patients would have been

considered at low risk of developing lactic acidosis.

However, all of them had acute intercurrent condi-

tions that might compromise renal function. Among

them, six patients were ventilated and five patients

had severe hypotension with vasoactive support. Nine

patients received renal replacement therapy to clear

the acidosis and treat the renal failure. All but one of

our patients survived. Recovery of renal function was

the general rule in survivors.

Conclusions Metformin-associated lactic acidosis is

commonly accompanied with acute kidney injury. In

spite of the severity of their illness, the outcome is

favorable with intensive support of the cardiovascu-

lar, respiratory, and renal systems.
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Introduction

Metformin is a biguanide that is widely used in the

treatment of type 2 diabetes mellitus. The results of

the UK Prospective Diabetes Study have provided

good evidence of the benefits of metformin for the

long-term incidence of diabetic complications in

overweight patients [1]. This has resulted in greater

use of metformin as the oral hypoglycemic agent

of choice for such patients. The increased use of

metformin might result in a higher frequency of

adverse effects associated with this drug. The most

common side-effects are nausea, vomiting, bloating,

diarrhea, and loss of appetite. However, the major

concern of many physicians remains the possible risk

of lactic acidosis. Metformin is considered to be

associated with lactic acidosis in patients with renal

impairment, advanced age, and conditions associated

with tissue hypoxia such as congestive heart failure
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and sepsis. The overall incidence of severe life-

threatening acidosis is estimated at 1–5 cases per

100,000 patient-years, with a mortality rate up to

50% [2, 3]. Nevertheless, this has been a controver-

sial matter. Because almost all of the reported cases

occurred in patients who had risk factors for lactic

acidosis, it was difficult to determine to what extent

metformin might have contributed to the develop-

ment of lactic acidosis in any individual case [4, 5].

Salpeter et al. in a meta-analysis of 194 comparative

trials found no difference in the incidence of lactic

acidosis between diabetics taking and not taking

metformin [6]. In contrast to the findings from

controlled trials, cases of lactic acidosis continue to

be reported in patients taking metformin. Among the

first million patients to have received metformin in

the USA, there were 47 reports of lactic acidosis

registered to the Food and Drug Administration. Of

these patients, 43 had renal failure or risk factors for

lactic acidosis [3]. Although no causal relationship

has been convincingly provided, circumstantial evi-

dence shows that treatment with metformin may be

linked to lactic acidosis. Herein, we report our

experience in metformin-associated lactic acidosis

over a 5-year period and highlight the impact of acute

kidney injury.

Methods

A retrospective analysis of all cases defined by

hospital discharge with a diagnosis of lactic acidosis

related to metformin poisoning between January 2004

and November 2008 was performed. Severe sepsis,

shock or tissue hypoxia on admission was ruled out in

all of them. Lactic acidosis was accepted on the basis

of an arterial blood sample with pH \7.35, bicar-

bonate levels \22 mmol/l, and circulating lactate

values [5 mmol/l. Acute kidney injury was defined

and classified by means of the Risk, Injury, Failure,

Loss of Kidney Function, End-Stage Kidney Disease

(RIFLE) criteria [7]. The standard defines three

grades of severity: risk (class R), injury (class I),

and failure (class F), and two outcome classes: loss of

kidney function and end-stage kidney disease.

Class R is considered if there is an increase of serum

creatinine 91.5. Class I is considered if there is an

increase of serum creatinine 92. Class F is consid-

ered if there is an increase of serum creatinine 93, or

in patients with serum creatinine[4 mg/dl if there is

an acute rise in serum creatinine of at least 0.5 mg/dl.

When the baseline serum creatinine is unknown and

there is no past history of chronic kidney disease,

serum creatinine is calculated using the Modification

of Diet in Renal Disease (MDRD) formula for

assessment of kidney function, assuming a glomer-

ular filtration rate (GFR) of 75 ml/min/1.73 m2 [8].

Demographic information, clinical presentation and

evolution, biochemical data, risk factors, treatment

strategies, and outcomes were obtained by chart

review.

Results

Eleven patients were identified as metformin-associated

lactic acidosis (nine patients on metformin medica-

tion as their usual treatment and two patients of

deliberate self-poisoning with metformin). Ten of

them fulfilled the RIFLE criteria of acute kidney

injury and were included in this study. Patient

characteristics are summarized in Table 1. There

were six women and four men, all with history of

type 2 diabetes mellitus. The age range was 48–79

years. Symptoms and signs on admission included

gastrointestinal symptoms (nine out of ten), hypo-

glycemic coma (seven out of ten), hypothermia (six

out of ten), and myalgias (one out of ten). Nine out

of ten patients were transferred to the intensive care

unit due to respiratory distress or severe hypoten-

sion. Six were ventilated and five had severe

hypotension with vasoactive support. All patients

were treated with bicarbonate infusion first. Nine

received renal replacement therapy to clear the

acidosis and treat the renal failure. Among them,

four received hemodialysis and five hemodynami-

cally unstable patients who were unstable to tolerate

hemodialysis received continuous venovenous

hemofiltration. Seven had intercurrent infection and

received antimicrobial therapy. Length of stay in the

intensive care unit ranged from 2 to 7 days. Apart

from one patient, who died 48 h after admission,

patients’ biochemical parameters improved substan-

tially within 24 h, and they were weaned off

vasoactive support within 3 days. The period of

renal replacement therapy was less than 3 days in all

patients, with variable recovery of renal function

thereafter (Table 2).
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Discussion

The major toxicity from metformin use is lactic

acidosis. The mechanism of metformin-associated

lactic acidosis is complex and not well understood.

Metformin is known to decrease intracellular pH,

which reduces lactic acid utilization by decreasing

liver uptake of lactate and suppressing oxidation of

the lactate to pyruvate. Metformin may cause a shift

in the intracellular redox potential away from aerobic

to anaerobic metabolism. Increased hepatocyte anaer-

obic metabolism increases lactic acid production,

resulting in further decrease in lactate uptake. Met-

formin can also increase intestinal lactate production.

Increased production and decreased utilization of

lactate predispose patients taking metformin to

develop lactic acidosis [9].

Metformin is not metabolized and is mainly

excreted by the kidneys. Drug accumulation may

occur in patients with renal impairment. Metformin

use is currently contraindicated in people with serum

creatinine above 1.5 mg/dl in men and above 1.4 mg/dl

in women [10]. However, serum creatinine is not a

reliable measure of renal impairment. Chronic kidney

disease (CKD) is best identified by the estimated

GFR, which is easily calculated using the MDRD

formula or the Cockcroft-Gault equation. According

to National Kidney Foundation Disease Outcomes

Quality Initiative CKD staging, three out of ten of our

patients (cases 1, 3, and 5) had CKD stage 3 (esti-

mated GFR 30-60 ml/min/1.73 m2) before presentation

despite normal serum creatinine levels. This suggests

that identification of patients at risk would improve if

CKD staging were incorporated into routine clinical

practice. There is no high-level evidence to formulate

guidelines, but available data suggest that metformin

can be used in patients with mild renal impairment

(CKD stage 1–2; GFR 60–90 ml/min) and can prob-

ably be safely used in patients with moderate renal

impairment (CKD stage 3; GFR 30–60 ml/min), but

with some caution. Similarly the evidence for major

harm from metformin even at GFR below 30 ml/min

is poor, although these patients with severe renal

impairment may be more at risk for lactic acidosis and

hence this may be a point at which metformin should

be discontinued [11].

Previous reports, as well as our series, suggest a

high rate of acute kidney injury in patients with

metformin-associated lactic acidosis [12, 13]. This

highlights the role of metformin accumulation in the

Table 1 Patient details

Case No. Sex/

age

(years)

Premorbid

creatininea

(mg/dl)

Presentation Intercurrent conditions or other

factors

1 M/79 1.5 Hypoglycemic coma, diarrhea NSAID

2 F/63 0.7 Hypoglycemic coma,

hypothermia, myalgias

Disseminated tuberculosis with

liver involvement, NSAID

3 F/76 1.2 Hypoglycemic coma, abdominal

pain, vomiting

Pancreatitis, pneumonia

4 F/72 NA Hypoglycemic coma,

hypothermia, vomiting

Urinary tract infection, liver

disease gastrointestinal bleeding

5 M/48 1.4 Drug overdose, hypothermia, vomiting Gastrointestinal bleeding

6 M/76 NA Hypothermia, vomiting, diarrhea Urinary tract infection

7 F/65 0.8 Hypoglycemic coma, vomiting,

diarrhea

Urinary tract infection, AIIRB

8 F/56 0.9 Hypothermia, anorexia, vomiting Urinary tract infection, AIIRB

9 M/68 NA Hypoglycemic coma, vomiting,

diarrhea

AIIRB, NSAID

10 F/60 1.0 Hypoglycemic coma, hypothermia,

vomiting

Urinary tract infection

a Values closest in time to the episode of lactic acidosis, ranging from 1 month to 1 year

NSAID nonsteroidal anti-inflammatory drugs, AIIRB angiotensin II receptor blockers, NA not available
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pathophysiology of metformin-associated lactic aci-

dosis. However, it is uncertain whether acute kidney

injury is primary or secondary to concurrent condi-

tions. Once lactic acidosis has commenced, it can

cause or aggravate any organ failure. As a result,

metformin-associated lactic acidosis could be not

only precipitated by renal failure but could also be

further complicated by aggravating kidney injury.

In our series, the majority of the patients had been

taking metformin for more than 1 year and had no

pre-existing risk factors for developing lactic acido-

sis. However, all of them had intercurrent conditions

that might compromise renal function or promote

tissue hypoxia. This shows that it may not be enough

to avoid metformin in patients with established

contraindications. Most patients had nausea, vomit-

ing, anorexia, decreased appetite or diarrhea. These

gastrointestinal symptoms could have deteriorated

their previous normal renal function by dehydration.

Moreover, intercurrent infection was not uncommon

(70%). Other intercurrent conditions included gastro-

intestinal bleeding (20%), liver disease (20%), and

pancreatitis (10%). Furthermore, most patients with

type 2 diabetes mellitus are on a number of other

therapeutic agents (such as angiotensin-converting

enzyme inhibitors, angiotensin II receptor blockers,

nonsteroidal anti-inflammatory drugs, and diuretics)

that may exacerbate renal function impairment in the

state of renal hypoperfusion [14, 15]. Precautions

should also be considered when these conditions are

anticipated.

We also note a rapidly progressive course of the

disease. All patients who were transferred to the

intensive care unit (nine out of ten) were in stable

condition on admission and developed respiratory

distress or severe hypotension within a few hours.

This may suggest that only early and aggressive

treatment is able to reduce the high morbidity rates in

these patients. Another interesting observation from

this report is that, despite high grade of severity of the

illness, all but one of our patients survived. More-

over, although most patients had severe acute kidney

injury (six reached RIFLE class F and three reached

class I), recovery of renal function was the general

rule in survivors. The 10% mortality rate in our series

is lower than previous reported (50% in metformin-

associated lactic acidosis) and compared well with a

published mortality rate of 11.4% and 26.3% in

intensive care unit patients with acute kidney injury

RIFLE class I and F, respectively [16]. The reason

for this discrepancy is not clear, but early institution

of dialysis therapy may have been beneficial in

removing the metformin and lactic acidosis, and

improving hemodynamic and renal function, leading

to rapid recovery.

Hemodialysis has been successfully used in treat-

ment of metformin-associated lactic acidosis when

sodium bicarbonate infusion alone fails to reverse

severe systemic acidosis [17, 18]. Hemodialysis not

only corrects the acidosis but also efficiently removes

metformin. In hemodynamically unstable patients

who are unstable to tolerate hemodialysis, continuous

venovenous hemofiltration or hemodiafiltration

achieves the same things more gradually than con-

ventional hemodialysis and could therefore be

considered preferable.

In conclusion, metformin-associated lactic acido-

sis is commonly accompanied with acute kidney

injury. It is important to be aware of this complica-

tion, identify people at risk, and warn patients to

withhold metformin during periods of acute illness

which may precipitate metformin intoxication.

Because of nonspecific presentations, a high index

of vigilance is required to make an early diagnosis.

Despite devastating process of the illness, the

outcome is favorable with intensive support of the

cardiovascular, respiratory, and renal systems.
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