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Purpose. We describe the compassionate use of high dose insulin dex-
trose (HID) for life threatening metformin associated lactic acidosis
(MALA) in four patients admitted to intensive care.

Methods. Patients presenting with refractory lactic acidosis be-
lieved to be secondary to metformin poisoning were included.

High dose insulin dextrose at 0.5units/kg/hour was infused in 50%
dextrose. Frequent blood gas analysis allowed titration of therapy. All
patients also received continuous veno-venous haemofiltration.

Results. All four patients recovered to normal or near normal lac-
tate and pH between 10 and 24 hours of therapy. Two patients had
significant separation in time between initiation of HID and haemo-
filtration to suggest an independent effect of HID on improving pH
and lactate.

All patients had at least one episode of hypoglycaemia below
4.0 mmol/L with the lowest glucose in any patient during therapy be-
ing 3.0 mmol/L. All episodes were corrected with a dextrose infusion
without sequelae.

Conclusions. Our study demonstrates that HID therapy appears to
be safe in patients with suspected metformin poisoning. It also appears
to work to drive down lactate, improve pH and patients’ clinical con-
dition. Further evidence is required to assess the effectiveness of HID
therapy in the context of MALA.
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BACKGROUND

Metformin

globin levels, is well tolerated and has a neutral
effect on body weight (2).
The precise mechanism by which metformin

Metformin is the first choice oral hypoglycaemic
agent in patients with type 2 diabetes mellitus in
the absence of contraindications (1). It is second
only to insulin at reducing glycosylated haemo-
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improves glycaemic control is incompletely un-
derstood. What is known is that it interferes with
the mechanism of intracellular energy level detec-
tion. Metformin increases the ratio of AMP : ATP
leading to activation of adenosine monophos-
phate kinase (AMPK) (3). This triggers a shift
towards catabolic metabolism, the net effect of
which is to reduce glucose release from the liver
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into the blood stream via inhibition of hepatic
gluconeogenesis (4), (5), (3).

Metformin Associated Lactic Acidosis

The most dangerous side effect of metformin is
known as metformin associated lactic acidosis
(MALA). An estimate in 2011 from the Nether-
lands put the incidence at 47 per 100,000 patient
years, much higher than the 3-9 per 100,000 often
quoted. This same study reported a mortality rate
of 31% and noted that both the higher than expect-
ed incidence and mortality was likely to be relat-
ed to the high rate of prescribing in patients with
cautions to metformin use such as heart failure and
renal impairment (6).

MALA is typically treated in an intensive care
unit and management is mostly supportive with
fluid resuscitation, correction of hypoglycaemia
and other electrolyte abnormalities, renal replace-
ment therapy, vasopressor or inotropic support for
severe hypotension and sodium bicarbonate infu-
sion for acidosis unresponsive to fluid therapy (7).

OBJECTIVES

To analyse the observational data we have collected
on four patients treated for suspected MALA with
high dose insulin dextrose (HID) as a novel com-
passionate therapy in patients with life threatening
metabolic derangements.

Our objectives were to investigate whether HID
is a safe therapy in this patient cohort and whether
HID helps reverse lactic acidosis in MALA.

METHODS

This is a retrospective observational study of 4 pa-
tients treated during 2017 and 2018 in one district
general hospital in London, UK.

HID therapy is an infusion of 1 unit of Actrapid
(Novo Nordisk, Ltd) per 1ml of 50% dextrose. Treat-
ment is delivered according to the following protocol:

This protocol is derived from Engebretsen et al
(8) but adapted for a more cautious insulin dosage
due to safety concerns amongst staft members in our
unit inexperienced with such therapies. The Enge-
bretsen protocol for 3-blocker and calcium channel
antagonist overdose is 0.5-2.0 units/kg/h increased
by 1 unit/kg/h to a maximum of 10 units/kg/h.

The rate of delivery of insulin is controlled
by changing the infusion rate so that a fixed ra-
tio of insulin: dextrose is delivered. Hourly capil-
lary blood glucose measurements were taken and
an additional infusion of 10% dextrose initiated
by the nurse looking after the patient if hypo-
glycaemia was detected. If this failed to correct
the hypoglycaemia the infusion was stopped and
the doctor contacted.

Continuous Veno-Venous Haemofiltration
(CVVHF) was performed by Aquarius System
with a highly permeable haemofilter (Baxter Aq-
uamax HF12 polyethersulfone- cut off 30 kDa).
Systemic anticoagulation with heparin was added
when appropriate to the haemofilter. Blood flow
ranged from 250 to 360 ml/min (35-60 ml/kg/h)
in pre-dilution mode (30%).

Arterial blood samples were collected for blood
gas analysis from arterial catheters. This was per-
formed at a frequency according to severity of
abnormalities detected and ranged from hourly
to 6 hourly during the high dose insulin dextrose
therapy (in addition to hourly capillary blood
gases).

All other elements of therapy were performed
according to treating consultant physician’s judge-
ment.

RESULTS

Seven patients were considered for HID for treat-
ment of metformin poisoning during 2017 and
2018. Two patients recovered sufficiently prior to
initiation of HID, so the therapy was never started.
Five patients received the therapy and their results

Lactate | Insulin dose
=10 mmol/L Infusion of 0.5 units of insulin/kg*/h
6-10 mmol/L Infusion of 0.25 units of insulin/kg*/h
3-5 mmol/L Infusion of 0.10 units of insulin/kg*/h
1-2 mmol/L Infusion of 0.05 units of insulin/kg*/h
<1 mmol/L Stop Infusion. Normal sliding scale for glycaemic control 8-12 mmol/L

* ideal body weight.
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are discussed below. One patient has been exclud-
ed from the analysis as they were admitted post
cardiac arrest and therefore had another cause of
lactic acidosis other than metformin.

The remaining 4 patients were included in
the analysis, with clinical details as described in
Table 1. In all 4 cases, there was a clear trend to-
wards correction of acidosis and lactataemia with
HID therapy, as depicted in graphs 1 and 2. All
patients were discharged from ITU and alive at 30
days from admission. We specifically studied case
# 1 (graph 3) and case #2 (graph 4), as they were
the only cases where HID and haemofiltration
were started at significantly different times.

Hypoglycaemic episodes during HID infusion
occurred in all four patients with the lowest re-
corded glucose being 3.0 mmol/L. All were cor-
rected using 10% glucose without complications

Table 1. Core data for the patients in the study

(see Table 2 below). Hypokalaemia occurred in
one patient on two occasions which was corrected
and did not result in complications.

DISCUSSION

The association of metformin with MALA

A systematic review in 2009 found 22 cases of
metformin overdose resulting in lactic acidosis
and demonstrated a clear correlation between se-
rum metformin, nadir of pH, lactate and mortal-
ity (9). In cases of MALA associated with thera-
peutic doses of metformin a less clear correlation
has been found between metformin dose and se-
verity of lactataemia to the extent that doubt has
been cast over the causative nature of metformin
in MALA. In Duong et al peak metformin did not
correlate with creatinine, pH or lactate but only
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Fig. 2. Case 1 serum lactate trends over time since initiation of first therapy with horizontal bars to show
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one patient with MALA had metformin levels
within the therapeutic range. All other cases of
MALA had supratherapeutic levels of metformin
on admission. However, the trend of decreasing
levels of metformin over time correlated with im-
proving creatinine, pH and lactate (10).

Pathophysiology of MALA

Lactate is produced continuously in various tissues
of the body not just during anaerobic respiration
(11). The main pathway by which excess lactate
is processed is via the gluconeogenesis pathway
in the liver (11). As metformin blocks this path-
way lactate builds up within the hepatocytes and
eventually spills out into the blood. Under normal
physiological conditions this excess lactate never
reaches high enough levels to induce acidaemia
as both the lactate and the excess hydrogen ions
are excreted via the kidneys. The majority of cases
of metformin associated lactic acidosis treated in
our unit occur due to the following pathophysio-
logical process: dehydration due to vomiting, di-
arrhoea or reduced oral intake or combination of
these; acute kidney injury (often acute on chron-
ic); increase in lactate production due to hypop-
erfusion of tissues; decrease in renal excretion
of hydrogen ions and lactate due to acute kidney
injury and inability of the liver to process excess
lactate due to metformin. There is positive feed-
back as lactic acidosis causes further nausea and
vomiting (10).

To compound this problem metformin is en-
tirely renally excreted. As kidney function de-
clines metformin’s half-life increases. This can be
observed in the re-bound lactic acidaemia that
occurs if extra-corporeal renal supplementation
therapy is halted too early in cases of MALA. In
fact the ability of metformin to induce clinically
significant lactic acidosis is correlated to impaired
kidney function as opposed to dose of metformin
taken or metformin serum levels (12).

High dose insulin/dextrose therapy

HID therapy is also known as hyperinsulinaemia/
euglycaemia therapy. As the name suggests, it in-
volves giving an infusion of supra-normal doses of
insulin with a simultaneous infusion of dextrose
to prevent hypoglycaemia (13). It has become part
of the standard management of both p-blocker
and calcium channel antagonist overdose for cas-

es resulting in hypotensive shock (14), (7). HID
has been demonstrated experimentally to induce
a number of positive metabolic and inotropic ef-
fects. In a shocked state catecholamine release
causes the myocardium to switch from a predom-
inantly fatty acid based energy supply to respiring
glucose and lactate. However, lactate production
exceeds lactate utilisation with a net release of
lactate and free protons. High dose insulin infu-
sions decrease fatty acid uptake even further, have
no net effect on glucose uptake and significantly
increase lactate uptake and utilisation as an ener-
gy source by the myocardium. High dose insulin
also increases cardiac output and efficiency with-
out increasing myocardial oxygen demand, unlike
catecholamines which increase oxygen demand
dramatically (15). Insulin is also a vasodilator
which appears to improve tissue perfusion and
may also help explain its positive effects on lactate
clearance (16).

It is important to note that, to our knowledge,
this therapy has not been tested for the manage-
ment of MALA. Therefore, the potential risks and
benefits were unknown to us; the indication to
start therapy was as a last resource in patients con-
sidered to be in extremis who might otherwise die.

There are several limitations to the study. First-
ly we were unable to measure serum metformin.
This means we have no proof of metformin in-
toxication or even use beyond patient history and
medication record. Duong et al found that in 15
cases of metformin associated lactic acidosis only
one patient had an admission metformin level
within the therapeutic threshold whilst all others
had levels at least three times the upper therapeu-
tic limit (5 mg/L) (10) suggesting that metformin
levels should be an important part of the diagnos-
tic workup.

Secondly, due to the complexity of this group
of patients, it is difficult to prove HID made
the difference in outcome. Certainly, in two out
of four cases there was a reasonable separation in
time between the initiation of HID and haemofil-
tration.

Thirdly, it is a very small study which makes
it impossible to draw any conclusions about
mortality, nor there is any control group due to
the compassionate use of the therapy itself. Fur-
ther efforts should be made to identify patients
likely to respond to HID therapy in the context of
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metformin use and, potentially, design a trial to
assess its effects on patient outcome.

CONCLUSIONS

Our study demonstrates that HID therapy appears
to be safe in patients with metformin poisoning.
It also appears to work to drive down lactate, im-
prove pH and patient’s clinical condition. There
is a rational explanation behind why metformin
should act to reverse a lactic acidosis, particularly
one caused by metformin. Further evidence is re-
quired to assess the effectiveness of HID therapy in
the context of MALA.
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APSINUODIJIMO METFORMINU GYDYMAS
DIDELES DOZES INSULINO DEKSTROZES
TERAPIJA: ATVEJU PRISTATYMAS

Santrauka

Ivadas. Analizuojami keturiy pacienty, kuriems buvo
metformino sukeltos gyvybei pavojingos laktacidozés,
gydymo atvejai. Pacientams intensyviosios terapijos
skyriuje taikyta didelés dozés insulino dekstrozés tera-
pija (HID).

Medziaga ir metodai. | tyrimg buvo jtraukti pacien-
tai, kuriems pasireiské gydymui atspari laktacidozé, kuri,
kaip manoma, yra antriné apsinuodijimo metforminu
reakcija. Didelé insulino dekstrozés dozé 0,5 vnt./kg/val.
buvo infuzuojama kartu su 50 % dekstrozés. Daznas krau-
jo dujy tyrimas leido titruoti terapijg. Visiems pacientams
taikyta veno-veniné hemofiltracija.

Rezultatai. Visiems keturiems pacientams nuo 10-tos
iki 24-tos gydymo valandos laktato ir pH kiekis atsistaté
iki normalaus arba beveik normalaus lygio. Dviems paci-
entams laiko tarpas nuo HID pradzios iki hemofiltracijos
buvo ilgesnis. Tai rodo nepriklausomg HID poveikj nor-
malizuojant pH ir laktato koncentracija.

Visiems pacientams pasireiské bent vienas hipogli-
kemijos epizodas, mazesnis nei 4,0 mmol/l, o maziau-
sias visy pacienty gliukozés kiekis sieké 3,0 mmol/l. Visi
epizodai buvo koreguojami be dekstrozés infuzijos.

I$vados. Tyrimo rezultatai rodo, kad HID terapija
yra saugi pacientams, kuriems jtariamas apsinuodijimas
metforminu. Terapija gali mazinti laktaty koncentracija,
gerinti pH ir paciento klinikine bakle. Reikia papildo-
my tyrimy siekiant jvertinti HID terapijos veiksmingu-
ma gydant metforfino sukeltg laktacidoze.

Raktazodziai: metforminas, laktatas, insulinas, aci-

dozé



