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Abstract: Here we describe the case of a potentially lethal caffeine intoxication after the reported
ingestion of 10 g of caffeine. Due to hemodynamic instability with tachycardia and hypertension with
an insufficient effect of continuous labetalol infusion, the patient was started on continuous veno-
venous haemodialysis (CVVHD). After successful treatment for 15 h, CVVHD could be discontinued,
and the patient was discharged home the next day. This case report is the first to report the use of
CVVHD as a haemodialysis modality in the case of caffeine intoxication and illustrate the effect on
caffeine clearance. We stress the importance of an early recognition of caffeine intoxication, so that
haemodialysis can be considered in the case of a potentially lethal intoxication.
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1. Introduction

Caffeine (1,3,7-trimethylxanthine, guaranine) is a plant-derived alkaloid that antago-
nizes subtype A1 and A2a of the adenosine receptor. Since adenosine is an endogenous
neuromodulator with mostly inhibitory effects, the antagonism of adenosine results in pos-
itive inotropic and chronotropic effects. After oral intake, caffeine is completely absorbed
in the stomach and intestines (100%) and is almost completely metabolized in the liver by
CYP1A2 (95%) through demethylation of caffeine (1,3,7-trimethylxanthine) to paraxanthine
(1,7-dimethylxanthine) [1]. In the case of regular consumption, the metabolization will fol-
low linear kinetics with a half-life time of 3-5 h and a plasma protein binding of 17–36% [2].
However, due to saturation of CYP1A2 in the case of an overdose, the unbound fraction
will no longer be dose-linear, and caffeine will follow non-linear kinetics, with a higher
unbound fraction and a prolonged half-life time [3,4]. After metabolization, the majority of
caffeine is eliminated in the urine through renal excretion (85–88%) [4].

Caffeine is usually consumed to increase focus, enhance memory, and improve physi-
cal performance [2,5,6]. Caffeinated beverages contain varying amounts of caffeine: from
60 mg in a cup of coffee to 250 mg in potent energy drinks. The consumption of these
beverages rarely leads to severe caffeine intoxication. However, caffeine supplements
regularly exceed this dosage and can contain 300 mg each. These supplements can be
bought limitlessly online as pills or as pure caffeine powder. The increasing popularity
of caffeine supplements has resulted in (unintended) severe caffeine intoxications, which
have necessitated treatment in a critical care unit and even resulted in deaths [7,8]. The
American Association of Poison Control Centers (AAPCC) reported 3031 cases of single-
substance caffeine use in 2019, of whom 415 were treated in a healthcare facility, resulting
in 23 major outcomes (life-threatening or resulting in significant residual disability or
disfigurement) [9].

In previous case reports, the ingestion of 15–30 mg/kg has resulted in significant
toxicity, and oral doses of >5 g have been reported as fatal [1,6]. Due to the severity of
the intoxication, elimination enhancement through renal replacement therapy (RRT) can
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prove a valuable therapy. Since caffeine is a small hydrophilic molecule with a low plasma
protein binding (17–36%) and a small volume of distribution of 0.61 L/kg, it is suitable
for dialysis [10]. Successful intermittent haemodialysis has been described in case reports;
however, the benefit of continuous renal replacement therapy remains unclear.

We here describe a case of severe caffeine intoxication with a potentially lethal oral
dosage of 10 g, in which the patient has made a full recovery after treatment with continuous
veno-venous haemodialysis (CVVHD). To the best of our knowledge, this is the first case
report describing the use of CVVHD as a haemodialysis modality in caffeine intoxication.

2. Case Report

A 29-year-old male patient with a history of borderline personality disorder and
alcohol and drug abuse presented to the cardiac care unit (CCU) with complaints of chest
pain and stomach ache. As an experiment, he voluntarily consumed 10 g of caffeine powder
approximately 14 h before presentation. About 30 min after ingestion, he started vomiting
and sweating, and he experienced a heavy chest. These symptoms endured 13 h until he
eventually called the emergency services and was taken to the hospital. At presentation,
the patient was anxious and in pain, and he was sweating profoundly. Vital signs showed
tachycardia (152 beats per minute), hypertension (190/35 mmHg), tachypnoea (22 breaths
per minute), an oxygen saturation of 97%, and a subfebrile temperature (38 ◦C). The
electrocardiogram showed sinus tachycardia (148 beats per minute) with a prolonged QTc
(554 ms) and ST-depressions in II, V2–V5 and ST-elevation in Avr, with normal R-wave
progression. The initial laboratory results are depicted in Table 1.

Table 1. Laboratory results (No indication for follow-up or previously normalized).

Day 1 Day 2 Reference Values

Hb (mmol/L) 12.5 10 8.5–11
Leucocytes (X 109/L) 34.4 27.9 4.0–10.0
Sodium (mmol/L) 142 140 135–147
Potassium (mmol/L) 2.6 3.9 3.5–5.0
Phosphate (mmol/L 0.53 0.66 0.70–1.50
Magnesium (mmol/L) 0.68 0.87 0.70–1.00
Glucose (mmol/L) 11.6 6.8 4.0–7.8
Creatinine (umol/L) 137 75 59–104
AST (U/L) 42 - <35
ALT (U/L) 92 - <45
Creatine kinase (U/L) 483 - <171
pH 7.55 7.51 7.35–7.45
Bicarbonate (mmol/L) 21.1 22.4 22.0–29.0
Lactate (mmol/L) 5.0 1.7 0.5–1.7
CK-MB (ug/L) 16 - <7.6
Hs-trop T (ug/L) 0.066 - <0.014

Hb: haemoglobin, AST: aspartate transaminase, ALT: alanine transaminase, CK-MB: creatine kinase-myocardial
band, HS-trop T: high-sensitive troponin T.

Despite the presence of lactate acidosis, arterial blood gas analysis showed metabolic
alkalemia due to continuous vomiting. The drugs-of-abuse toxicology screening in a urine
sample (Quidel, Tox Drug Screen, 94600) was found positive for benzodiazepines and
cocaine. The positive benzodiazepine screening was attributable to midazolam adminis-
tered in the ambulance. Cocaine and benzoylecgonine (a metabolite of cocaine) were not
detectable in serum via liquid chromatography coupled with multistage accurate mass
spectrometry (LC-MSn) and were therefore not clinically relevant. Initial treatment included
infusion of isotonic liquids, electrolyte supplementation, and anti-emetics (including dex-
amethasone 12 mg). Despite supportive therapy, tachypnoea increased (40 breaths per
minute), and the temperature rose to a fever (38.7 ◦C), in addition to persisting nausea,
tachycardia and hypertension. Subsequently, the patient was admitted to the intensive care
unit, where benzodiazepines and a continuous infusion of labetalol were initiated to treat
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anxiety and excesses in haemodynamics, respectively. In addition, CVVHD was initiated to
increase caffeine elimination, using the MultifiltratePRO (Fresenius medical care) with an
ultraflux AV1000S filter and regional citrate anticoagulation. The dialysate flow rate was
set at 2 L/h and the blood flow rate at 100 mL/min at a temperature of 37 ◦C. Within three
hours after initiating CVVHD, the fever resolved due to active cooling. Tachypnoea started
declining some hours later. The follow-up of elevated cardiac blood markers showed a
decrease six hours later. After 15 h of CVVHD, the patient’s haemodynamics normalized.
Therefore, labetalol could be withdrawn, and CVVHD was discontinued. Caffeine blood
levels were taken at presentation, during CVVHD treatment and after completion of ther-
apy, and are depicted in Figure 1. The caffeine serum concentration upon presentation was
70 mg/L and had dropped to 21 mg/L after CVVHD treatment. Using the therapeutic
drug-management application MwPharm version 1.8.2.20 (Mediware), we were able to
simulate the serum caffeine concentrations (see Figure 1 and Table 2) [11]. After 30 h of
ICU admission, the patient was discharged to the internal medicine ward with telemetric
monitoring of the heart rhythm and discharged home the next day.
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Figure 1. Caffeine blood concentration based on three caffeine blood samples extrapolated in a phar-
macokinetic model using a therapeutic drug-management application.

Table 2. Pharmacokinetic parameters of caffeine blood concentration model.

Parameter Population Value Individual Value

Unbound fraction 0.64 0.64
Distribution volume 0.61 L/kg 0.86 (non-Bayesian) L/kg
Elimination constant 0.136 h−1 0.0462 h−1

Bioavailability 1 1
Absorption constant 19.8 h−1 19.8 h−1

3. Discussion

Despite the increasing popularity of energy drinks, most deaths resulting from caffeine
overdose can be attributed to the consumption of diet pills and stimulants [12]. Initial
symptoms of intoxication include nausea, vomiting, tachycardia, hypertension, hypoten-
sion, and convulsions. Secondary hypokalaemia, hyperglycaemia, hypocalcaemia, lactate
acidosis, and rhabdomyolysis with subsequent kidney failure have been described. These
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biochemical changes and an increased sympathetic activity can result in cardiovascular
complications, including potentially lethal arrhythmia and myocardial infarction [2,13,14].
Therapy includes preventing systemic absorption through gastric lavage and active char-
coal combined with a laxative and should be initiated within 30–90 min after intake, based
on caffeine’s half-life time. However, since the half-life time can be prolonged in case of an
overdose, active charcoal is possibly effective even after this period. Furthermore, therapy
focuses on supportive care, such as electrolyte correction, fluid resuscitation, anti-emetics,
beta-blockade and benzodiazepines, in the case of moderate to severe anxiety or convul-
sions [15]. These therapies require continuous monitoring of vital signs and biochemical
markers. Therefore, admittance to a critical care unit is highly recommended in case of
severe caffeine intoxication.

There are limited publications about using RRT in caffeine intoxication. Theophylline
is also a xanthine derivate. It shows, structurally and in pharmacology, many similarities
to caffeine. There are more publications about the use of RRT in theophylline intoxication.
The EXtracorporeal TReatments In Poisoning workgroup (EXTRIP) published a guideline
and recommended extracorporeal treatment in severe theophylline poisoning [16]. Clinical
conditions can classify this severity (e.g., seizures or shock), as can a plasma concentration
>100 mg/L. Intermittent haemodialysis is the preferred and recommended extracorporeal
treatment, but hemoperfusion or CRRT (continuous renal replacement therapy), including
CVVHD, are acceptable alternatives if haemodialysis is not available. In the article by
Kim et al. [17], the authors provide a clear view on the differences between CRRT and
haemodialysis in patients with an intoxication. The different extra-corporeal treatments are
compared in the case of several well-known drug intoxications. The authors conclude that
haemodialysis is the more effective treatment with all intoxications. The Dutch guidelines
for intoxications agree with these conclusions but name CRRT as an acceptable suboptimal
alternative [10]. The exceptions to this conclusion are patients who are haemodynamically
unstable and in situations where haemodialysis is not available in the acute setting. Another
indication for starting CRRT could be after the initial haemodialysis session to prevent a
rebound rise of the drug. Although CRRT is less effective than haemodialysis, CRRT can
be considered in intoxications with drugs that have a low protein binding, low volume of
distribution (VD) and narrow therapeutic index. Examples of drugs where CRRT can be an
acceptable alternative in intoxications are lithium, methanol and ethylene glycol.

The severity of intoxication, in this case, was based on the reported ingested amount
and clinical presentation. Since death due to severe caffeine intoxication has been described
after an oral intake of 5 g or more of caffeine [1,6], this patient’s consumption of 10 g of
caffeine was potentially lethal. Similarly, the predicted initial serum concentration was
140 mg/L, where concentrations of >80-100 mg/L are potentially lethal [2,8]. Based on
the high ingested amount of caffeine, the high predicted blood levels, and the severity
of the symptoms presented by our patient, we initiated CVVHD. Criteria for initiating
haemodialysis in case of caffeine intoxication have been described by others [18]. The
authors suggest that patients with severe clinical symptoms, in our case a tachycardia
of >140 beats per minute, and high caffeine concentrations ≥140 mg/L can benefit from
haemodialysis. Due to a delay in presentation, however, the initial serum concentration
turned out to be 70 mg/L and did not therefore meet the suggested criteria. Even so, a
concentration of 70 mg/L must still be considered a severe intoxication, since toxicity is seen
at a caffeine serum concentration of >50 mg/L. The elevated initial serum concentration,
even after a delay in presentation, illustrates the slow clearance of caffeine in case of
an overdose. High serum caffeine concentrations result in the saturation of CYP1A2.
Consequently, caffeine clearance follows non-linear kinetics in case of an overdose, thereby
prolonging the half-life time from 5 h to >16 h, and up to 120 h has been described [2,3]. In
this case, the half-life time was prolonged to 15 h (Figure 1), three times the half-life time of
regular consumption. Due to this long half-life time, in combination with low VD and low
plasma protein binding, toxin removal through CVVHD can be a valuable intervention to
increase clearance and improve symptoms.



Toxics 2023, 11, 196 5 of 6

Caffeine concentrations can be quantified using immunoassays (ELISA) or high-
performance liquid chromatography (HPLC). Even though ELISA may be more cost-
effective, HPLC is the method of choice, since it has a high sensitivity and specificity [19,20].
In case of an intoxication, a high specificity is requested, since interference with other
xanthine derivatives should be avoided. Sensitivity is less relevant, since intoxications
generally concern high drug levels, which are measured to estimate the duration to a return
to therapeutic drug levels and an indication for dialysis. Following the validated sensitivity
and the high specificity of HPLC, we recommend HPLC as the quantification method of
choice when used in the case of caffeine intoxication.

The effect of CVVHD is graphically illustrated in Figure 1, where the deflection in the
curve at t = 19 h shows the additional effect of CVVHD in addition to the patient’s clearance
capacity. A more pronounced result can be expected using intermittent haemodialysis
compared to CVVHD [3,21]. However, emergency haemodialysis is not always logistically
possible or can be contra-indicated because of haemodynamic instability. We have shown
that CVVHD can be a helpful alternative. Using high blood flow rates and high dialysis
flow rates theoretically maximizes the effect of CVVHD on caffeine clearance; however,
further studies are needed to test this hypothesis. Additionally, the effect of CVVHD
can be more pronounced in the case of higher caffeine serum concentrations. Given
caffeine’s low plasma protein binding (17–36%), a higher plasma concentration will most
likely lead to a higher percentage of unbound caffeine due to protein saturation. Since
unbound caffeine is dialyzable, higher caffeine concentrations may result in additional
serum clearance. Intermittent haemodialysis or CVVHD should therefore be reserved for
cases involving severe, potentially lethal caffeine toxicity, hence with a high percentage of
unbound caffeine. Additionally, a fast initiation of therapy will add to the effectiveness of
CVVHD and therefore to its effectiveness in relation to symptoms of caffeine toxicity. We
therefore stress the importance of an early recognition of caffeine toxicity. Once initiated,
the duration of CVVHD therapy can best be adjusted to clinical response.

4. Conclusions

CVVHD may be an acceptable alternative to intermittent haemodialysis in the case
of severe, potentially lethal caffeine intoxication, when intermittent haemodialysis is not
available. Preferred treatment should always be haemodialysis, if possible. Overall CVVHD
can be considered in intoxications with drugs that have low protein binding, low VD
and a narrow therapeutic index. Adding Cytosorb could further improve effectivity.
Both modalities should be reserved for cases of severe toxicity. Further research on the
effect of higher blood flow rates may lead to a more effective use of CVVHD in case of
caffeine intoxication.
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pure caffeine-report of three different cases. Forensic Sci. Med. Pathol. 2017, 13, 355–358. [CrossRef] [PubMed]

15. Nationaal Vergiftigingen Informatie Centrum. Coffeine. UMC Utrecht; 2020 [updated 15-01-2020]. Available online: https:
//www.vergiftigingen.info/f?p=VI:PRINT:2859898901942:::1420:P1420_VERB_NO:6 (accessed on 16 December 2021).

16. Ghannoum, M.; Wiegand, T.J.; Liu, K.D.; Calello, D.P.; Godin, M.; Lavergne, V.; Gosselin, S.; Nolin, T.; Hoffman, R.S. Extracorporeal
treatment for theophylline poisoning: Systematic review and recommendations from the EXTRIP workgroup. Clin. Toxicol. 2015,
53, 215–229. [CrossRef] [PubMed]

17. Kim, Z.; Goldfarb, D.S. Continuous renal replacement therapy does not have a clear role in the treatment of poisoning.
Nephron. Clin. Pract. 2010, 115, c1-6. [CrossRef] [PubMed]

18. Yoshizawa, T.; Kamijo, Y.; Hanazawa, T.; Usui, K. Criterion for initiating hemodialysis based on serum caffeine concentration in
treating severe caffeine poisoning. Am. J. Emerg. Med. 2021, 46, 70–73. [CrossRef] [PubMed]

19. Ohmichi, T.; Kasai, T.; Shinomoto, M.; Matsuura, J.; Koizumi, T.; Kitani-Morii, F.; Tatebe, H.; Sasaki, H.; Mizuno, T.; Tokuda, T.
Quantification of Blood Caffeine Levels in Patients With Parkinson's Disease and Multiple System Atrophy by Caffeine ELISA.
Front. Neurol. 2020, 11, 580127. [CrossRef] [PubMed]

20. Koller, D.; Vaitsekhovich, V.; Mba, C.; Steegmann, J.L.; Zubiaur, P.; Abad-Santos, F.; Wojnicz, A. Effective quantification of 11
tyrosine kinase inhibitors and caffeine in human plasma by validated LC-MS/MS method with potent phospholipids clean-up
procedure. Application to therapeutic drug monitoring. Talanta 2020, 208, 120450. [CrossRef] [PubMed]

21. Ishigaki, S.; Fukasawa, H.; Kinoshita-Katahashi, N.; Yasuda, H.; Kumagai, H.; Furuya, R. Caffeine intoxication successfully
treated by hemoperfusion and hemodialysis. Intern. Med. 2014, 53, 2745–2747. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1093/ckj/sfs020
http://www.ncbi.nlm.nih.gov/pubmed/29497518
http://doi.org/10.1016/j.toxrep.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30505695
http://doi.org/10.2174/1570159X13666141210215655
http://www.ncbi.nlm.nih.gov/pubmed/26074744
http://doi.org/10.1016/j.forsciint.2005.04.016
http://www.ncbi.nlm.nih.gov/pubmed/15935584
http://www.ncbi.nlm.nih.gov/pubmed/18712229
http://doi.org/10.3390/nu10050611
http://www.ncbi.nlm.nih.gov/pubmed/29757951
http://doi.org/10.1080/15563650.2020.1834219
http://www.ncbi.nlm.nih.gov/pubmed/33305966
https://richtlijnendatabase.nl/richtlijn/intoxicaties_eerste_opvang_in_het_ziekenhuis/startpagina_intoxicaties.html
https://richtlijnendatabase.nl/richtlijn/intoxicaties_eerste_opvang_in_het_ziekenhuis/startpagina_intoxicaties.html
http://doi.org/10.3389/fpsyt.2017.00080
http://www.ncbi.nlm.nih.gov/pubmed/28603504
http://doi.org/10.1136/bcr-2018-224185
http://www.ncbi.nlm.nih.gov/pubmed/29884665
http://doi.org/10.1007/s12024-017-9885-2
http://www.ncbi.nlm.nih.gov/pubmed/28656354
https://www.vergiftigingen.info/f?p=VI:PRINT:2859898901942:::1420:P1420_VERB_NO:6
https://www.vergiftigingen.info/f?p=VI:PRINT:2859898901942:::1420:P1420_VERB_NO:6
http://doi.org/10.3109/15563650.2015.1014907
http://www.ncbi.nlm.nih.gov/pubmed/25715736
http://doi.org/10.1159/000286343
http://www.ncbi.nlm.nih.gov/pubmed/20173343
http://doi.org/10.1016/j.ajem.2021.03.017
http://www.ncbi.nlm.nih.gov/pubmed/33735699
http://doi.org/10.3389/fneur.2020.580127
http://www.ncbi.nlm.nih.gov/pubmed/33414755
http://doi.org/10.1016/j.talanta.2019.120450
http://www.ncbi.nlm.nih.gov/pubmed/31816725
http://doi.org/10.2169/internalmedicine.53.2882
http://www.ncbi.nlm.nih.gov/pubmed/25447662

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

