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High-Dose Insulin Euglycemic Therapy
in the Treatment of a Massive Caffeine
Overdose
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A 33-year-old woman experienced 90 min of in-hospital cardiac arrest following an intentional

overdose of anhydrous caffeine powder. In the face of prolonged and apparently futile resus-

citation attempts, high-dose insulin euglycemic therapy was initiated. A loading dose of

1 IU/kg/h of IV insulin resulted in a dramatic improvement in perfusion. This was augmented by

a 72-h infusion reaching a maximal rate of 10 IU/kg/h. The patient recovered full neurologic

function and survived to discharge. Although high-dose insulin is effective in beta-blocker,

calcium channel blocker, and tricyclic antidepressant overdose, this is seemingly the first

description of its successful use in caffeine toxicity. CHEST 2020; 157(5):e145-e149
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Case Report
A 33-year-old woman was brought to the ED after
consuming an unknown quantity of pure anhydrous
caffeine powder. She was confused, ataxic, and
hypotensive. An ECG revealed an irregular, narrow
complex tachycardia. She experienced a tonic-clonic
seizure, immediately followed by a prolonged series of
cardiac arrests alternating between shockable rhythms
and pulseless electrical activity. These were managed
according to national guidelines, and a mechanical
compression device was applied. A total of 14 mg of
IV epinephrine, seven defibrillation attempts, and
300 mg of IV amiodarone were administered (Table 1).
On advice from the National Poisons Information
Service, calcium chloride, lipid emulsion, magnesium
sulfate, and supplementary potassium chloride were
also given, in addition to empirical naloxone and
hydrocortisone.
-dose insulin euglycemic therapy
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Following 90 min of CPR, spontaneous circulation
appeared to return. However, a bedside echocardiogram
showed minimal cardiac contractility, and a central
pulse was barely perceptible. Biochemically, arterial pH
remained below the lowest recordable limit of 6.75,
serum lactate level was 26 mM, and the clinical team
discussed discontinuing resuscitation. As a last
therapeutic attempt to improve cardiac output, high-
dose insulin euglycemic therapy (HIET) was initiated. A
loading dose of short-acting human insulin 1 IU/kg with
20 g of glucose was administered centrally, based on a
treatment protocol for verapamil overdose (Table 2).1

Immediately, there was a sudden rise in end-tidal CO2

from 13.5 mm Hg to 33 mm Hg, noninvasive BP became
recordable, and the patient exhibited spontaneous limb
movements. This clinical improvement was mirrored by
a simultaneous fall in serum lactate concentration from
26 mM to 19 mM, and pH rose above 6.75 (Fig 1A).
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TABLE 1 ] Resuscitative Medications

Medication Total IV Dose

Epinephrine 1:10,000 14 mg

Amiodarone 300 mg

Lipid emulsion (intralipid 20%) 500 mL

Calcium chloride 10% 10 mL

Hydrocortisone 200 mg

Magnesium sulfate 2 g

Naloxone 400 mg

In addition to standard resuscitation drugs that were administered ac-
cording to national guidelines, others were given empirically or on the
advice of the National Poisons Information Service.
Given this apparent response, an insulin infusion of 0.5
IU/kg/h was then commenced in addition to the
dextrose with potassium chloride.

The patient was transferred to the ICU, where invasive
cardiac output monitoring was commenced. A specialist
assay revealed a serum caffeine concentration of 300 mg/
L; no other drugs were identified in toxicology samples.
The rate of insulin administration was gradually
uptitrated to a peak of 10 IU/kg/h as pH and serum
lactate levels continued to improve (Fig 1B). A normal
cardiac index was obtained with a cumulative fluid
balance of þ3 L (Fig 1C). Norepinephrine was
commenced on day 2 to counteract the vasodilatory
effect of insulin (Fig 2). The patient was subsequently
weaned from the HIET, and it was fully discontinued
72 h after commencement.

Hypoglycemia and hypokalemia were prevented
throughout admission, despite a total dose of 33,920 IU
TABLE 2 ] High-Dose Insulin Euglycemic Therapy
Infusion Protocol

Bolus Dose IV Infusion (Initial Rate)

1 IU/kg short-acting
human insulin IV STAT

þ
20 g glucose IV STAT
(100 mL dextrose 20%)

0.5 IU/kg/h short-acting
human insulin IV
(2 IU/mL in 0.9% NaCl)

þ
1 L dextrose 20% þ

40 mmol potassium
chloride (adjusted to
glycemia/electrolyte
measurement)

Insulin was administered according to a weight-based initial dose and
subsequent continuous central IV infusion. The rate was titrated against
serum pH and lactate concentration. Concurrent fluid administration was
adjusted according to glycemia and electrolyte monitoring by regular
arterial blood gases. Dextrose 50% with 40 mM of potassium chloride
replaced the starting fluid within 1 h of commencing the infusion. The
treatment protocol was based on that described by Nickson and Little.1

STAT ¼ statim.
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of IV insulin. Serum pH normalized completely within
24 h of discontinuing the infusion, and sinus rhythm
returned on day 3. Apart from complete event amnesia,
the patient achieved a full neurologic recovery and was
cleared by the liaison psychiatry team prior to discharge.
Discussion
Caffeine (1,3,7-trimethylxanthine) is a naturally
occurring alkaloid and psychostimulant used in many
consumer products, formulated medications, and as a
dietary supplement.2 The US Food and Drug
Administration advises that daily oral intake below
400 mg (6 mg/kg) is unlikely to cause adverse effects in
healthy adults.2,3 When toxicity does occur, symptoms
may be: cardiovascular (arrhythmias, palpitations, and
infarction), GI (diarrhea, abdominal pain, and
vomiting), or neuropsychological (anxiety, headache,
and seizures).2 There is no precise threshold at which
these symptoms appear, although severe toxicity is
anticipated following oral ingestion of 15 to 30 mg/kg.4

There are relatively few reported fatalities; however, a
lethal dose is estimated to be 100 to 200 mg/kg4 or that
causing a serum concentration of 80 to 100 mg/L.5

Although we were unable to confirm the dose taken, the
current study patient remarkably survived a
concentration threefold greater than this upper limit.

The physiological behavior of caffeine is complex and
poorly understood at toxic doses. Its first-order kinetic
profile (with a half-life of 3-7 h) becomes unreliable
when metabolic pathways are saturated with excess
substrate.6 Widespread cellular hyperexcitation is driven
by a range of molecular mechanisms, including
antagonism of gamma-aminobutyric acid and adenosine
receptors, phosphodiesterase inhibition, and direct
catecholamine release via beta1-adrenoceptors. The
resultant cardiac and neurologic instability means that
resistant ventricular fibrillation is a commonly cited
cause of death and is frequently preceded by seizures.7,8

Rhabdomyolysis8 and hypokalemia9 have also been
reported.

The successful treatment of caffeine overdose and its
sequelae using lipid emulsion,10 hemoperfusion or
dialysis,11 vasoactive drugs,12,13 beta-blockers,9 and
other antidysrhythmic agents13 has been reported. To
our knowledge, however, this application is the first of
HIET in this context, and the apparent physiological
response was dramatic. After 90 min of otherwise
unsuccessful resuscitation, the sudden increase in end-
tidal CO2, improved neurologic status, newly recordable
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Figure 1 – A, The effect of insulin on serum pH and lactate concentration. High-dose insulin euglycemic therapy provoked correction and ultimate
normalization of a severely increased serum lactate concentration. Serum pH only resolved completely following discontinuation of the insulin infusion,
possibly due to hyperchloremia from administration of excess sodium chloride as a vehicle for dilute insulin. B, Insulin infusion rate. A bolus of insulin
was followed by an infusion that was started at a rate of 0.5 IU/kg/h and peaked at 10 IU/kg/h. This was achieved by titration every 30 min against
serum pH, lactate, and derived cardiac output measurements. It was fully discontinued 72 h after commencement. C, Cardiac index vs cumulative
insulin dose. A total of 33,920 IU of insulin was given, which correlated with an increase in cardiac output. Cardiac index was first measured in the
normal range with a fluid balance of þ3 L (gray diamond). Shaded areas highlight normal reference ranges, where appropriate.
BP, and metabolic correction were remarkable. Insulin is
a vasodilator and potent inotrope at high doses, and it
may be given safely to make use of these properties if its
predictable hypoglycemic and hypokalemic effects are
anticipated. So-called “glucose-insulin-potassium”

infusions have improved serum lactate levels and cardiac
indices in other critical low-output states (eg, septic
shock, resistant heart failure) without adverse
effects.14,15 Unlike HIET, however, these regimens
typically incorporate much lower insulin doses of up to 1
IU/kg/h.14 In contrast to catecholamines, insulin forces
chestjournal.org
the myocardium to metabolize glucose in preference to
less efficient free fatty-acid chains, while also enhancing
intracellular calcium signaling and lactate clearance.15-18

The global effect of vasodilation, microvascular
recruitment, and enhanced glucose metabolism
improves myocardial perfusion and provides
nonadrenergic inotropy to increase cardiac output.16

HIET, rather than glucose-insulin-potassium, was used
in this case due to its reported success in the treatment
of the cardiac depression associated with beta-blocker,
calcium channel blocker, and tricyclic antidepressant
e147
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Figure 2 – The effect of insulin and norepinephrine on BP. BP increased during administration of high-dose insulin euglycemic therapy. Norepinephrine
was added latterly to support MAP by counteracting insulin’s vasodilatory effect. dBP ¼ diastolic BP; MAP ¼ mean arterial pressure; sBP ¼ systolic
BP.
overdoses.19 Early use of high-dose insulin may be
particularly beneficial compared with vasopressors in
these cases of “toxin-induced” cardiogenic shock; insulin
optimizes myocardial metabolism and promotes
contractility rather than harmfully increasing afterload
and cardiac work.16,19,20 Interestingly, HIET has also
been successful in cases of funnel-web spider
envenomation, in which cardiogenic shock occurred
following massive autonomic hyperstimulation and
catecholamine release, a clinical picture similar to that of
caffeine toxicity.21 Being mindful that exogenous
catecholamines also carry risks of immunologic,
metabolic, and ischemic effects,17,22 we used
norepinephrine to counteract insulin’s vasodilatory
effect secondarily.

Although HIET does not perform as a direct antidote to
caffeine, it is apparent that cardiac output, neurologic
status, and acid-base imbalance improved substantially
during its safe administration and most notably during
resuscitation. It remains possible that the effects we
observed were coincident with unrelated spontaneous
recovery, endogenous caffeine clearance, delayed effect
of other resuscitative medications, effective fluid
administration, or a combination thereof. We regard this
e148 Novel Reports
scenario as highly unlikely, however, due to the
significant clinical and biochemical response
(contemporaneous with administration of the insulin
bolus), a serum caffeine level several times the lethal
concentration, and because the patient had remained
moribund after such prolonged resuscitation. Once
spontaneous circulation returned, a normal cardiac
output was also achieved with a modest positive fluid
balance.

Notwithstanding the novel application of this treatment
and some undescribed setbacks during admission, this
patient’s survival to discharge is remarkable. We believe
this outcome was facilitated by HIET as a means of
cardiovascular support in an unusual case of toxin-
related myocardial dysfunction. We consider its efficacy
to have derived from nonadrenergic metabolic and
inotropic properties, which led to convincing clinical
and biochemical evidence of improved perfusion. In
particular, significant benefit was likely derived from its
early use to optimize myocardial metabolism and
contractility. In common with other descriptions of
cardiotoxic drug overdoses, we suspect that increased
afterload with early pressor use could have been
disastrous for an already compromised myocardium.
[ 1 5 7 # 5 CHE ST MA Y 2 0 2 0 ]



Given both the limited therapeutic evidence available for
treatment of caffeine toxicity and some concern
regarding the appropriateness of catecholamines in
similar clinical circumstances, we suggest this could
provide an avenue for further therapeutic research.
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