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ABSTRACT
Metformin is mainly used in the control Type II Diabetes Mellitus. Metformin-Associated Lactic Acidosis (MALA) is a rare
side effect of metformin that is primarily seen in patients with renal impairment. Only few cases of coexisting MALA and
ketoacidosis have been reported, as case reports typically attribute high anion gap (AG) and osmolal gap (OG) to MALA and
uremia. A case was reported with a 49-year-old man with type 2 DM and hyperlipidemia presented to our hospital with chief
complaint of severe blurry vision with ability to see only shadows upon waking up. Laboratory findings were remarkable for
arterial pH of 6.87, PaCO, 10 mmHg, HCOs- 5 mmol/ L, AG 45 mmol/L, creatinine 14.4 mg/dL, lactate 20 mm/L, beta-
hydroxybutyrate 8 mmol/L, Osmolal gap 52mOsm/Kg. MALA can cause elevated OG likely because of profound lactate and
ketoacidosis. It is highly recommended that metformin levels need to be sent out and emergent treatment started including

possible HD without waiting for the results.
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INTRODUCTION

The estimated overall prevalence of Diabetes Mellitus (DM)
among adults in the United States is 9.5% [1]. Metformin is
the principal biguanide in clinical use to control Type 2
Diabetes mellitus (T2DM) owing to its favorable safety
profile, low cost and potential pleiotropic benefits such as
weight-neutral effect and lower cardiovascular mortality
[2,3].

Metformin-Associated Lactic Acidosis (MALA) is a rare
side effect of metformin that is primarily seen in patients with
renal impairment. Only few cases of coexisting MALA and
ketoacidosis have been reported, as case reports typically
attribute high anion gap (AG) and osmolal gap (OG) to
MALA and uremia [2].

We report a case of combined MALA and ketoacidosis with
elevated osmolal gap (OG) in setting of acute kidney injury
(AKI) with successful outcome.

CASE PRESENTATION

A 49-year-old man with type 2 DM and hyperlipidemia
presented to our hospital with chief complaint of severe
blurry vision with ability to see only shadows upon waking
up. This was preceded by abdominal pain and hypoglycemia
that resolved with juice, the night before. He reported
compliance with his home medications which included

metformin, Lisinopril, insulin and aspirin. Patient denied
illicit drug use and other toxins including antifreeze and
home-made alcohol. His last alcoholic intake was 2 days
prior to presentation.

In the emergency department, finger stick was 195 mg/dl.
Patient was lethargic, dehydrated, tachycardic and tachypnic.
Pupils were reactive to light bilaterally but he was not able to
follow the examiner’s finger. Physical examination was
unremarkable otherwise.

Laboratory findings were remarkable for arterial pH of 6.87,
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function tests were unremarkable. Ethanol level was
undetected. Urinalysis was negative for calcium oxalate
crystals. Rest of laboratory findings are presented in Table
1. Given the high anion and osmolal gaps, increased beta
hydroxybutyrate and increased lactate level, our differential
diagnosis on presentation primarily included diabetic
ketoacidosis and intoxication with methanol, ethylene
glycol, propylene glycol, or metformin. Levels of
metformin, isopropyl alcohol, methanol, and ethylene glycol
were requested.

Supportive management with intravenous fluids, calcium
gluconate, sodium bicarbonate, and mechanical ventilation
was started. Poison control center was contacted and
fomepizole was recommended for possible methanol
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toxicity. Emergent hemodialysis (HD) was performed. After
one session of HD, electrolytes abnormalities have markedly
improved along with improving patient’s mental status and
vision. See Table 1 for post-dialysis laboratory findings.

The patient was weaned successfully from mechanical
ventilation next day and was discharged home a few days
after. Toxicology results came back 2 weeks after initial
presentation and were remarkable for metformin levels of
27mecg/ml (therapeutic level <1 mcg/ml) and acetone
15mmol/L. Ethylene glycol, methanol, and isopropyl
alcohol were undetected. At subsequent outpatient follow
up, patient reported no visual disturbances and his kidney
function was back to normal.

Table 1. Overview of laboratory abnormalities before and after hemodialysis.

Laboratory findings on presentation (pre-dialysis), post-dialysis and on day 5

Normal Range

Sodium (mmol/L) 135-145
Potassium (mmol/L) 3.6-5.2
Glucose (mg/dL) 70-99
BUN (mg/dL) 7-18
Creatinine (mg/dL) 0.70-1.30
Phosphorus (mg/dL) 2.7-4.5
HCO: (mmol/L) 22-26
Anion Gap (mmol/L) 7-14
p-Hydroxybutyric (mmol/L) 0.02-0.27
Lactate (mmol/L) 0.4-2.0
Osmolality (mOsm/Kg) 277-302
Osmolal Gap (mOsm/Kg) <10
pH 7.35-7.45
PaCO: (mmHg) 36-44

BUN: Blood Urea Nitrogen
DISCUSSION

Metformin is the most commonly prescribed oral
antihyperglycemic medication in the world and is considered
first line therapy for newly diagnosed Type 2 DM by many
professional diabetes organizations [4].

Pre-Dialysis Post-Dialysis Day 5
127 139 140
5.7 3.6 4.4
255 163 131
83 55 23
14.4 7.9 1.7
14.5 3.0 3.1

5 24 28
45 15 10
8.0 2.7 0.3

20.4 3.26 1.3
350 317 316
52 10 9
6.87 7.47
10 25

In absence of acute overdose, MALA rarely develops in
patients without comorbidities such as renal or hepatic
insufficiency or acute infection and is estimated to be 4.3
cases per 100,00 patient-years [5]. Predisposing factors
involved in the development of MALA: Vomiting and
diarrhea, acute kidney injury, high doses or excessive
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accumulation of metformin, and acute disease states leading
to tissue hypoxia [5]. While the overall mortality rate of
MALA is 25.4% correlating with severity of acidosis,
MALA resulting from acute renal failure is associated with a
lower Mortality. Non-surviving cases tend to have multiple
comorbidities other than renal failure as this is treatable by
dialysis [6]. The mechanism of MALA is complex and
involves multiple pathways. Metformin promotes the
conversion of glucose to lactate in the splanchnic bed of the
small intestine [7]. Metformin also inhibits mitochondrial
respiratory chain complex-1, leading to decreased hepatic
gluconeogenesis from lactate, pyruvate, and alanine [2],
which results in increased lactate and substrate for lactate
production [8]. Metformin is excreted from the proximal
tubules of the kidneys without being metabolized resulting in
its accumulation in renal failure [7].

In the setting of this cellular energy failure, acid-base
homeostasis becomes compromised because it is maintained
through energy dependent processes such as hepatic
gluconeogenesis, which is itself impaired by metformin.
These pathophysiologic processes account for severe
metabolic acidosis with higher lactic acid levels than
typically seen in various types of shock and hypoglycemia,
often in the setting of normal or nearly normal
hemodynamics.

In cases with lactic acidosis and ketoacidosis related
conditions, the OG is mildly elevated, while methanol or
ethylene glycol ingestion often leads to more profound rise
in OG. MALA, on the other hand, has been associated with
mildly elevated OG in some case reports in range of 18-29.3
mOsm/Kg [9-13].

Elevated osmolal gap in setting of MALA can be attributed

to an increase in production of ketones [14]- In Metformin
toxicity, Metformin-induced inhibition of gluconeogenesis
and stimulation of fatty acid oxidation is a likely cofactor for
ketogenesis in the absence of other known ketogenic
situations [15].

In a previous study by Friesecke et al. [16] overall survival
rates for patients with an arterial blood pH of <7.00 was
significantly better (50% vs. 0%) in MALA cases when
compared with other causes of lactic acidosis. This is
primarily due to the fact that MALA is a treatable entity with
aggressive interventions, including dialysis especially when
recognized early.

As metformin hydrochloride is dialyzable (with a clearance
of up to 170 &/min under good hemodynamic conditions)
prompt hemodialysis is recommended to correct the acidosis
and remove the accumulated metformin [17].

Extracorporeal treatment is recommended in severe
metformin poisoning. Indications for extracorporeal therapy
include lactate concentration greater than 20 mmol/L, pH less
than or equal to 7.0, shock, failure of standard supportive
measures, and decreased level of consciousness [18,19].
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CONCLUSION

MALA can be deadly if not recognized timely but carries
good prognosis if suspected and treated early. Though
profound elevation in OG is frequently attributed to toxic
alcohol intoxication, MALA can cause elevated OG likely
because of profound lactate and ketoacidosis. so, it’s highly
recommended that metformin levels need to be sent out and
emergent treatment started including possible HD without
waiting for the results.
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