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Exceptional Case

Haemodialysis in massive caffeine intoxication
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Abstract
Caffeine is the most widely consumed psychoactive substance worldwide. Intoxication causes
central nervous system and haemodynamic complications, which have significant mortality rates.
We report the case of a 39-year-old woman who ingested ~0.5 mol (100 g) of pure caffeine, leading
to a peak serum concentration of 2.95 mmol/L (574 mg/L). Three consecutive haemodialysis sessions
caused serum caffeine reduction rates of 66, 46 and 45%, indicating that the unbound caffeine
fraction is not dose linear in this high serum caffeine concentration range. Aggressive and repeated
haemodialysis sessions may be of benefit in cases of severe caffeine intoxication.
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Background

Caffeine (1,3,7-trimethylxanthine, molecular weight
194 g/mol) is the most widely consumed psychoactive
compound worldwide. A 150 mL cup of ground-roasted
coffee contains 0.44 mmol (85 mg) caffeine on average and
the daily caffeine intake of US coffee drinkers has been
estimated to be ~0.02 mmol/kg (4 mg/kg). The lethal dose50

(LD50) of caffeine is 0.8–1.0 mmol/kg (150–200 mg/kg) in
rats and presumably in the same range in humans [1].
Serum concentrations of >0.5 mmol/L (100 lg/mL) are
considered lethal [2]. Caffeine overdosing often occurs
via caffeine tablets, either accidentally or with suicidal in-
tention. Haemodialysis has previously been administered
in cases of caffeine intoxication [3].

Case report

A 39-year-old female ingested ~500 caffeine tablets dis-
solved in water (200 mg caffeine/tablet, i.e. 0.5 mol ¼ 100 g)
in an attempt to commit suicide. One hour after ingestion,
a generalized tonic–clonic seizure was successfully treated
by the emergency medical service. Subsequently, three epi-
sodes of broad complex tachycardia were treated with car-
diopulmonary resuscitation, defibrillations, epinephrine and
amiodarone. Upon arrival at the hospital, the patient was
intubated and was in sinus rhythm with a blood pressure of
62/33 mmHg and a heart rate of 140/min. Activated char-
coal (~60 g) was administered via gastric tube, and multiple
ventricular extrasystoles were treated with intravenous
magnesium and calcium. To treat hypotension, the pa-
tient received 9 L of crystalloids and repeated epinephrine
boluses followed by a continuous infusion. Laboratory data
are given in Table 1. Lactic acidosis was treated with intra-
venous sodium bicarbonate. Haemodialysis was initiated

when the patient was stabilized ~5 h after caffeine ingestion,
and blood samples were drawn before, at the end of and
1 hour after the end of the first three dialysis sessions for
the determination of serum caffeine concentrations. Be-
cause of recurrent cardiovascular instability and concomitant
lactic acidosis, epinephrine was replaced by dobutamine.
Given the development of hypotension- and rhabdomyolysis-
induced acute renal failure (creatine kinasemax 69 885 U/L,
aspartate transaminasemax 1908 U/L), volume overload and
persistent haemodynamic instability, chronic veno-venous
haemodiafiltration (CVVHDF) was initiated on Day 2.
However, when the pending serum caffeine concentration
measurements were reported on Day 3, daily haemodialysis
therapy was immediately recommenced.

The time course of serum caffeine concentrations is
shown in Figure 1. Dialysis sessions with polysulfone dialyser
F80S (Fresenius FMC, Bad Homburg, Germany), blood and
dialysis flow rates of 300 mL/min and 600 mL/min, respec-
tively, lasted 4 h each. Serum caffeine reduction rates of 66,
46 and 45% were observed during the first three dialysis
sessions. This corresponds to total caffeine clearance values
of 159, 89 and 87 mL/min assuming a distribution volume
of 0.6–0.8 L/kg (~35 L in our patient). With no rebound ob-
served after dialysis sessions, a one-compartment distribu-
tion of caffeine can be assumed.

Following a complicated course of treatment, in which
pulmonary failure and tricuspid endocarditis likely resulting
from line sepsis occurred, renal function improved weeks
later and haemodialysis therapy was stopped after a total
of 14 haemodialysis sessions.

Discussion

The consumption of ~0.5 mol (100 g) of pure caffeine is
equivalent to ~1200 cups of regular coffee and resulted in
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a caffeine serum concentration of 2.95 mmol/L (574 mg/L).
It is the highest caffeine overdose which has reportedly
been survived to date. By contrast, in another reported
case, the ingestion of 10 g caffeine proved fatal [4]. Peak
caffeine serum concentrations after drinking three cups
of coffee (1.29 mmol, 250 mg caffeine) are in the range
of 0.04 mmol/L (7 mg/L) [5].

The toxic effects of caffeine are mainly related to the
functional deteriorations of the central nervous and adre-
nergic systems. The structural similarity between caffeine
and adenosine leads to a non-selective antagonism of the
adenosine receptor subtypes A1 and A2 by caffeine resulting
in seizures [6]. The adrenergic effects are caused by cat-
echolamine release from the adrenals and inhibition of
the enzyme phosphodiesterase. Clinical consequences are
tachyarrhythmias (b1-stimulation), vasodilation and hypo-
tension, hypokalaemia, leucocytosis and glycogenolysis
(all b2-stimulation) and lipolysis (b3-stimulation). Although
beta-blocker therapy has been advocated [7], caution is
warranted because beta-blockers may unmask massive
alpha-receptor stimulation and trigger malignant hyper-
tension in analogy to pheochromocytoma [3].

Lactic acidosis and rhabdomyolysis have been reported
in caffeine overdosing. Lactic acidosis is caused by shock-
induced tissue hypoxia. Rhabdomyolysis is presumably
triggered by a combination of ischaemia, seizures and tetany
mediated by intracellular calcium release from the endo-
plasmic reticulum [8].

Caffeine is normally absorbed within 30 min [5], but it is
not known whether a dose of 0.5 mol (100 g) is as rapidly
and completely absorbed. Active charcoal may thus be
effective even when given with a time lag after caffeine
ingestion. Systemically, caffeine is demethylated to para-
xanthine (80%), theobromine (11%) and theophylline (4%)
[9] by the hepatic cytochrome P450 CYP1A2 system [10].
Demethylation occurs with a half-time of 4 h [5] and the
toxicity of the four methylxanthines ascends in the order
paraxanthine < theobromine ¼ caffeine < theophylline [11].
The pharmacodynamic effects of paraxanthine and theobro-
mine have not been elucidated in detail but likely resemble
those of caffeine. Plasma protein binding of caffeine is 36%;
together with its volume of distribution of 0.6–0.8 L/kg, this
implies that caffeine can be removed from the bloodstream
by haemodialysis. Haemodialysis has previously been ad-
ministered in the treatment of caffeine intoxication [3]. In
our case, a significantly higher proportion of caffeine was
eliminated during the first dialysis session than during the
next two. Assuming some ongoing absorption during the
first round of dialysis, the caffeine reduction rate during
the initial dialysis should have been, if anything, lower
than by the sessions after conclusion of the absorption.
We therefore assume that the unbound fraction is no longer
dose linear in this high serum caffeine concentration range
and that a significantly higher amount of unbound drug was
available for dialysis. As there is no danger of disequilibrium
syndrome in acute intoxication of patients with previously
normal renal function, haemodialysis was started with a
blood flow as high as the haemodynamic situation permit-
ted. CVVHDF is a widely available modality of renal replace-
ment therapy in intensive care units. While this method is
an adequate choice for the removal of excess fluid and
uraemic toxins, its clearing capacity in severe cases of caf-
feine intoxications does not suffice. Accordingly, CVVHDF
was clearly less effective than haemodialysis for the elim-
ination of caffeine (Figure 1). However, we do not have
sufficient data to estimate any clearance values during
CVVHDF in our patient.

Toxin removal is a basic treatment principle of intoxication.
The risk of line sepsis and ensuing tricuspid endocarditis is
related to catheter insertion and haemodialysis treatment.
In weighing this risk against the risk of not removing the
toxin, we advocate haemodialysis treatment for severe
caffeine intoxication. The therapeutic approach needs to
be based on the clinical picture at presentation (haemo-
dynamic instability, ingested caffeine amount more than
~10 g) and re-evaluated in the further course of treatment
based on clinical course, serum caffeine concentrations
(LD50 0.5 mmol/L) [2] and renal function.

In summary, we report on the clinical course and com-
plications of severe caffeine intoxication in a 39-year-old
woman. Based on longitudinally determined serum caffeine
concentrations and pharmacokinetic modelling, aggressive
and repeated haemodialysis sessions may be of benefit in
cases of severe caffeine intoxication.
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Reference Day 1 Day 2 Day 3 Day 4
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AST, aspartate transaminase; ALT, alanine transaminase. The concentra-
tions of all parameters were determined ‘before’ haemodialysis.

Fig. 1. Serum caffeine concentrations. Time course of serum caffeine con-
centrations as measured by high-performance liquid chromatography. The
shaded area indicates serum caffeine concentrations typically measured
after intake of 1.3 mmol (250 mg) caffeine, i.e. approximately three cups of
regular coffee.
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