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KEYWORDS Summary Energy drinks (EDs) have become increasingly popular in recent years, particu-
Energy drinks; larly among young adults. While they are often marketed as a way to increase energy and
Cardiovascular improve performance, they can also have serious cardiovascular consequences. We report two
events; cases of young adults who experienced cardiovascular events associated with the consumption
Cardiac arrest; of EDs and review the literature on the topic. The cases involve young adults aged 25 and
Caffeine; 28 years. They both presented out-of-hospital cardiac arrest (OHCA). Conventional resuscita-
Taurine; tion efforts were initiated, and then a Lund university cardiopulmonary assist system (LUCAS)
Ginseng; was employed for transfer to our center where immediate extracorporeal cardiopulmonary
Guarana resuscitation (eCPR) was performed. Studies have consistently found that ED consumption is

associated with increased blood pressure, platelet aggregation, and arrhythmias. Several case
reports have described individuals who experienced ventricular fibrillation, myocardial infarc-
tion, and cardiac arrest shortly after consuming EDs. The underlying mechanisms are not fully
understood but may involve the effects of caffeine and other ingredients on the sympathetic
nervous system and the cardiovascular system. Further studies are needed to better understand
these mechanisms and identify potential risk factors for adverse cardiovascular events associ-
ated with ED consumption. Healthcare providers should be aware of the cardiovascular effects
linked to EDs and advise patients accordingly. They should also inquire about their patient’s ED
consumption, and include it in their medical record along with alcohol, tobacco, and drug use.
Recommendations and regulations regarding the consumption of EDs should be intensified as
well.
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Introduction

Energy drinks (EDs) have become increasingly popular over
the past two decades, especially among young adults. The
first ED, ‘‘Red Bull’’, was introduced in Austria in 1987 and
was marketed as a performance-enhancing beverage for ath-
letes. Since then, the market for EDs has exploded, with a
variety of brands and flavors available worldwide [1]. These
drinks are often used for their potential to improve physical
and mental performance, given their high content in sugar,
caffeine and taurine. Despite their popularity, concerns have
been raised regarding the potential health effects of EDs,
particularly their impact on the cardiovascular system. High
intakes of caffeine have already been associated with an
increased cardiovascular risk. Furthermore, EDs are often
consumed in combination with alcohol or illicit drugs, which
can potentiate their effects [2—4].

Medical literature on the subject between 2003 and 2023
has extensively investigated the potential cardiovascular
effects of EDs. Numerous studies have reported associa-
tions between ED consumption and adverse cardiovascular
events, such as increased blood pressure, arrhythmias, and
even myocardial infarction and cardiac arrest [3,5—8].

Multiple randomized controlled trials have shown an
increase in the QTc interval as well as a significant increase in
blood pressure after consumption of EDs [9]. The European
Cardiac Arrhythmia Society (ECAS) published a systematic
and critical review in 2019, regarding data on EDs and cardio-
vascular events and issued recommendations on their safer
use [10]

Regulatory authorities in Europe also took a cautious
approach to approving these drinks on the continent. While
some countries have banned or restricted the sale of EDs,
others have placed warning labels on these beverages to
inform consumers about potential risks. The European Food
Safety Authority (EFSA) concluded that certain groups, such
as children and pregnant women, may be at increased risk of
adverse effects and recommended that these warning labels
be placed to inform consumers about potential risks [1,8].

Given the widespread use of EDs, it is crucial to under-
stand their potential health risks, especially regarding the
cardiovascular system. This paper reports two cases regard-
ing EDs and cardiovascular events that took place in 2022
and aims to review the current medical literature on the
relationship between EDs and cardiovascular events as well
as the pathophysiology underlying this issue.

Methods

We first examined the global epidemiology related to EDs,
before broaching some of the restrictions and recommen-
dations regarding these beverages as well as caffeine. We
subsequently reviewed the different constituents of EDs and
their action on the human body, including the pathophysio-
logical mechanisms through which they could lead to health
problems and mainly cardiovascular events.

We then reported two cases of young adults who suffered
from cardiovascular events potentially linked to heavy ED
consumption. We also listed multiple case reports, before
reviewing the published meta-analyses and randomized con-
trolled trials on this issue.

For the former, our research was performed using the
PubMed database for adult and pediatric case reports pub-
lished between January 1, 2003, and January 1, 2023,
containing the search terms ‘‘energy drinks’’, ‘“‘myocardial
infarction’’, ‘‘cardiac arrest’’, “‘arrhythmia’’, ‘‘ventricular
fibrillation’’ and ‘‘ventricular tachycardia’’ in various com-
binations.

Additional inclusion criteria we applied were articles
written in English or Spanish that covered cardiovascular
events and studied energy drinks as a whole, rather than
their individual components such as caffeine, taurine, or
guarana.

Results
Epidemiology

EDs have become increasingly popular over the past two
decades, with a significant rise in consumption worldwide.
The global ED market was valued at $53.01 billion in 2020
and is expected to continue growing at a Compound annual
growth rate of 7.2% from 2021 to 2028[11].

The increase in consumption of EDs has been accompa-
nied by a rise in emergency department visits related to
their use. In the United States, for example, the number
of emergency department visits involving EDs doubled from
10,068 in 2007 to 20,783 in 2011. These visits were primarily
among young adults aged 18 to 34 years and were often due
to adverse reactions to caffeine and other ingredients, as
well as cardiovascular events such as palpitations and chest
pain.

Multiple studies including a systemic review and
meta-analysis published in March 2023, also found that con-
sumption of other substances such as tobacco or alcohol
was more frequent in people who consumed EDs or caffeine
[12,13].

The ED market is dominated by a few large companies,
including Red Bull, Monster Energy, and Rockstar Energy. Red
Bull remains the most popular ED worldwide, with sales in
over 175 countries, selling over 11.5 billion cans annually
[14].

Coca-Cola and PepsiCo also have a presence in the mar-
ket, with brands such as Full Throttle and AMP Energy
respectively. In March 2020, PepsiCo also acquired Rockstar
Energy.

Regulations and recommendations

Over the last few years, there have been concerns about the
health effects of EDs which led to increasing regulations and
calls for more research in this area. Several countries and
health organizations have also emitted recommendations
regarding daily limits for safe caffeine consumption.

The European Union regulations (EU) No. 1169/2011
on consumer information requires since December 2014
that the labeling of beverages containing more than
15mg/100 mL of caffeine (with the exception of tea or cof-
fee) must include the words ‘‘high caffeine content, not
recommended for children and pregnant or breastfeeding
women’’ [15].
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Table 1 Five of the most consumed energy drinks in the world, and their components based on the official information
from the concerned ED brands.
Brand Company Caffeine Taurine Carbohydrates  Other Ingredients
(mg/100 mL) (mg/100 mL) (g/100 mL)
Red Bull® Red Bull GmbH 32 400 10 Glucuronolactone, B
vitamins
Monster® Monster Beverage 33 200 11 L-Carnitine,
Corporation Glucuronolactone,
Guarana extract, Panax
ginseng extract, B
vitamins
Burn® The Coca-Cola 32 400 13 Guarana extract, B
Company vitamins
Bang® VPX Sports 60 0 0 Coenzyme Q10,
Creatyl-L-Leucine (Super
Creatine®), and other
essential amino-acids
Rockstar® PepsiCo 32 200 13 L-Carnitine,

Glucuronolactone, Panax
ginseng extract, B
vitamins

Red Bull and Burn: 250 mL (80z) cans with 80 mg of caffeine. Monster and Rockstar: 500 mL (160z) cans with 160 mg of caffeine. Bang:

500mL (160z) cans with 300 mg of caffeine.

For reference, a cup of coffee of 8 oz (237 mL) contains
between 80 mg and 100 mg of caffeine while a cup of green
or black tea contains between 30 and 50 mg of caffeine [16].

In Europe, the European Food Safety Authority states
that:

Single doses of caffeine up to 200mg (around 3 mg per
kilogram of body weight) from all sources do not raise safety
concerns for the general healthy adult population. They
state that this dose limit may also be applied to children.

Doses up to 400 mg spread throughout the day do not raise
safety concerns for healthy adults in the general population,
except for pregnant women [17].

In the United Kingdom, the British Health Secretary
announced the launch of a consultation to potentially end
the sale of EDs to minors in 2018, but no law has emerged
since then [18].

However, the sale of EDs to children under the age of 16 is
prohibited in most major United Kingdom supermarkets, and
some retailers have extended this ban to include children
under the age of 18 [19].

In the United States of America, the Food and Drug
Administration (FDA) uses 400 mg a day of caffeine as a safe
limit. They however state individuals differ in their sensitiv-
ity to caffeine and their ability to metabolize it at varying
rates. Although the FDA has not established any guidelines
regarding caffeine consumption for children, the American
Academy of Pediatrics strongly advises against the use of
caffeine or other stimulants by children and adolescents
[16].

In Australia, children should consume less than 3 mg for
each kilogram of body weight a day. For children aged 9 to
13, this is about 120mg a day. Pregnant or breastfeeding
women should however limit their intake to 200 mg per day
[20].
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In Belgium, the Superior Health Council emitted recom-

mendations regarding EDs in December 2009:

e Do not consume them regularly or excessively, while
ensuring to keep the total daily intake of caffeine below
400 mg, or even 300 mg;

¢ Do not consume them with alcoholic beverages or during
intense physical activity;

e Discourage their consumption for pregnant and breast-
feeding women, children (up to 16 years old), and
individuals sensitive to caffeine [21].

Composition of energy drinks and their
pathophysiology in the human body

Most EDs contain a similar combination of ingredients. Caf-
feine is the primary ingredient, and the amount of caffeine
in EDs ranges from 50 to 500 mg per serving. Taurine is an
amino acid that is added to most EDs, to enhance cog-
nitive and physical performance. Herbal extracts such as
guarana, ginseng, and yerba mate are also commonly added
to EDs, as well as different B vitamins. These drinks are
usually rich in carbohydrates, although sugar-free options
are now available. Some EDs may also include amino acids,
glucuronolactone, and L-carnitine.

We listed some of the most consumed EDs along with their
constituents in Table 1, and a summary of their pharmaco-
dynamics, potential benefits, and reported side effects in
Table 2.

The mechanisms underlying the association between ED
consumption and cardiovascular events are not well under-
stood. Nonetheless, several hypotheses have been put forth.
The main hypothesis is that the high levels of caffeine and
other stimulants in EDs may increase sympathetic nervous
system activity, which results in increased blood pres-
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Table 2 Components of energy drinks: Pharmacodynamics, potential benefits, and reported side effects.

Ingredients Pharmacodynamics Potential Benefits Reported Side Effects
Caffeine Competitive blockade of 4 wakefulness and 4 or | heart rate
A1 and A2a adenosine alertness 1 blood pressure
receptors (leads to the 4 risk of arrhythmias
release of dopamine, 4 QTc interval
noradrenaline, and 4 risk of myocardial
glutamate) infarction
Increased release of Impairs the myocardial
calcium ions in muscle blood flow response to
cells exercise
Inhibition of the activity
of phosphodiesterase
enzymes
Inhibition of the activity
of GABA receptors
Increased release of
glutamate
Guarana Contains high amounts of Antioxidant properties Unclear
caffeine, theobromine and Potential benefit on
theophylline. Mechanisms cognitive performance
of actions probably similar
to caffeine
Taurine Plays a role in the Antioxidant properties Not reported

L-Carnitine

B-vitamins

Glucuronolactone
Ginseng

Yerba mate

conjugation of bile acids,
osmoregulation,
membrane stabilization,
and modulation of calcium
signaling

Plays a role in the
metabolism of
carbohydrates and the
oxidation of long-chain
fatty acids

The main active
constituents are
ginsenosides

The bioactive components
are mainly flavonoids,
saponins, and polyphenols

4 cognitive and physical
performance
Cardiovascular benefits,
vasodilation,
antithrombotic potential
J risks of obesity,
dyslipidemia,
hypertension, and
diabetes mellitus

Could enhance
performance

J in all-cause mortality,
cardiovascular mortality,
and ventricular
arrhythmias in the setting
of acute myocardial
infarction

Vitamins B6 and B9: | risk
of mortality from stroke,
coronary heart disease,
and heart failure

Not reported

Probable anti-stress,
antioxidant, and
anti-inflammatory
properties

Probable antioxidant,
antidiabetic, and
anti-inflammatory
properties

Not enough data regarding
high doses of taurine
supplementation

Nausea, vomiting and
diarrhea

4 trimethylamine N-oxide
levels which may increase
the risk of cardiovascular
disease

Not reported

Not reported

Headaches, insomnia, and
mild gastrointestinal side
effects

Possibly unsafe when
taken in large amounts

NB: The references for the table content are stated in the text.
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sure and increased cardiac workload. Other hypotheses are
detailed in our literature review in section 4.2.

Caffeine

We briefly discuss the pharmacokinetics of caffeine, before
reviewing its pharmacodynamic effects on the human body.

Pharmacokinetics

Absorption: Caffeine is rapidly and almost completely
absorbed from the gastrointestinal tract, with peak plasma
levels occurring within 30 to 60minutes of ingestion
[22].

Distribution: Caffeine is distributed throughout the body,
with a volume of distribution of approximately 0.7L/kg. It
readily crosses the blood-brain barrier and placenta and is
found in breast milk.

Metabolism: Caffeine is primarily metabolized in the liver
by cytochrome P450 enzymes, mainly CYP1A2 responsible
for more than 95% of the primary metabolism. Only around
3% or less is excreted unchanged in urine. The main primary
metabolites are paraxanthine, theobromine, theophylline,
and 1,3,7-trimethyluric acid.

The half-life of caffeine is approximately 3 to 5hours in
adults but can vary depending on individual factors such as
age, hepatic diseases, and genetics [22,23].

Pharmacodynamics

Caffeine has many mechanisms of action, affecting most of

the human body systems.

The principal pharmacodynamic effect of caffeine at a
cellular level is the competitive blockade of A1 and A2a
adenosine receptors.

Adenosine is a naturally occurring molecule in the body
that acts as a signaling molecule, binding to specific recep-
tors known as adenosine receptors. There are four subtypes
of adenosine receptors: A1, A2a, A2b, and A3. A1 and A2a
adenosine receptors are widely distributed in the brain
and have been the subject of much research. Blockade of
the A1 and A2a receptors can lead to an increase in the
release of dopamine, noradrenaline, and glutamate. While
this leads to increased wakefulness and alertness, it also
leads to an increase in heart rate, blood pressure, and risk
of arrhythmias [24]. The release of noradrenaline activates
the sympathetic nervous system (SNS), which in turn trig-
gers the release of adrenaline and noradrenaline from the
adrenal glands.

Apart from the blockade of adenosine receptors, caffeine
has multiple mechanisms of action:

e Phosphodiesterase enzymes: Caffeine can inhibit the
activity of phosphodiesterase enzymes, which are
involved in the breakdown of cyclic AMP (c-AMP). The
accumulation of c-AMP can also stimulate the release
of hormones such as dopamine, adrenaline, and nora-
drenaline which again affect the SNS [25];

e Calcium levels: Caffeine can release calcium ions from
the sarcoplasmic reticulum (SR) in skeletal muscle cells
as well as cardiac muscle cells, increasing the intracel-
lular concentration of calcium ions which can lead to
increased muscle contractility. The main studies on the
subject are animal studies, and a recent study found
that caffeine can induce cardiomyocyte hypertrophy in
rats [26]. In endothelial cells, caffeine-induced increases

in intracellular calcium can stimulate the production of
nitric oxide which is then diffused to the vascular smooth
muscle cells to produce vasodilation [27];

® GABA receptors: Caffeine can inhibit the activity of GABA
receptors, which are involved in promoting relaxation
and reducing anxiety. This may contribute to caffeine’s
stimulating effects;

¢ Glutamate receptors: Caffeine can increase the release
of glutamate, the most abundant excitatory neurotrans-
mitter in the which plays a major role in learning and
memory.

Overall, caffeine’s effects on the body are complex
and can involve multiple mechanisms and receptors. These
mechanisms of action can lead to a variety of cardiovascular
effects:
¢ Increased heart rate and increased blood pressure:

adrenaline and noradrenaline bind to beta-adrenergic

receptors in the heart and to alpha-adrenergic recep-
tors in the blood vessels. This leads to vasoconstriction
and counteracts the mild vasodilation produced by the
caffeine-induced release of nitric oxide. Caffeine also
has a positive inotropic effect through catecholamines
as well as the increased intracellular concentration of
calcium [24,28,29]. While the studies reveal consistent
results regarding the increased blood pressure, the effect
is less clear on the heart rate with increases or decreases
depending on the design of the study and the dose of
caffeine used;

¢ Increased risk of arrhythmias: Caffeine can increase the
risk of arrhythmias such as atrial fibrillation, prema-
ture ventricular contractions, ventricular tachycardia,
and ventricular fibrillation. Caffeine may also lead to
increased QTc intervals in the healthy adult population,
even though the studies also provide contradictory results
on this issue [9,30]. A recent randomized trial published
in March 2023 reviewing the effects of caffeine in healthy
adults did not find an increase in the number of premature
atrial contractions, which was the primary outcome. Nev-
ertheless, among the secondary outcomes, they did find
that individuals who consumed more than one coffee per
day potentially developed more premature ventricular
contractions. This supports previous findings on caffeine
and arrhythmias. The dose of caffeine used in this study
was not predefined and therefore not precise, since par-
ticipants had days of caffeine exposure versus days of

caffeine avoidance [31];
¢ Increased risk of myocardial infarction: Caffeine can

increase the risk of myocardial infarction by increasing

heart rate, blood pressure, and the workload of the heart.

Caffeine could also impair the myocardial blood flow

response to exercise in otherwise healthy patients as well

as in patients with coronary artery disease. These effects
may be more pronounced in people with pre-existing car-

diovascular disease [32].

It is important to note that the effects of caffeine on the
cardiovascular system can vary depending on individual fac-
tors such as age, genetics, and pre-existing cardiovascular
or hepatic disease.
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Guarana

Guarana or Paullinia cupana is a plant native to the Amazon
basin. It has been used for its stimulant and medicinal prop-
erties for centuries by some communities in South America.
The guarana seeds contain high amounts of caffeine or about
50 mg of caffeine per gram on average but can widely vary
in the preparation of guarana [33]. Guarana also contains
saponins, flavonoids, and tannins which result in antioxidant
activity [34].

A recent systemic review coupled with a meta-analysis
published in 2023 regarding the effects of Guarana on cogni-
tive performance concluded that acute ingestion of guarana
may lead to a faster performance during a variety of cog-
nitive tasks, with however no increased accuracy. Whether
the changes were linked to the caffeine content or other
bioavailable substances in guarana is unknown [35].

Whether or not guarana is a risk factor for cardiovascular
events linked to EDs is unclear. The underlying physiologi-
cal mechanism through which guarana could have an effect
on the cardiovascular system is probably due to the high
caffeine content in the seeds.

Taurine

Taurine or 2-aminoethanesulfonic acid, is an amino acid
widely distributed in animal tissues, mainly in the skeletal
and cardiac muscle tissue as well as the retina.

It also plays a role in the conjugation of bile acids,
osmoregulation, membrane stabilization, and modulation of
calcium signaling. It also has antioxidant properties [36,37].

Taurine is found naturally in multiple dietary sources such
as eggs, meat, and fish.

The average adult taurine consumption from food sources
doesn’t usually exceed 400 mg per day. High amounts of
synthetic taurine are often added to EDs to enhance cog-
nitive and physical performance, with usually around 1000
milligrams of taurine per serving (See Table 1).

The literature demonstrates that taurine supplementa-
tion of up to 3 grams per day is considered safe in the adult
population, with multiple clinical trials in both healthy sub-
jects and those with a range of diseases or conditions [38].

Multiple human and animal studies have suggested
that taurine supplementation may lead to cardiovascular
benefits. Some studies found reduced risks of obesity, dys-
lipidemia, hypertension, and diabetes mellitus [39].

A meta-analysis of randomized controlled trials published
in 2020 shows that taurine supplementation reduces blood
pressure, triglycerides, and total cholesterol levels, but
found no substantial effects on body mass index and body
weight [40].

The reduced blood pressure is thought to be due to
taurine interactions with the renin-angiotensin-aldosterone
system, as well as increased production of nitric oxide lead-
ing to vasodilation.

A recent study published in 2022 reviewing all existing
data on the subject concluded that taurine may have an
inhibitory role on platelet activity as well as a probable
antithrombotic potential [41].

However, larger well-conducted clinical trials are needed
to confirm these findings and determine the long-term
effects of taurine supplementation.

L-Carnitine

L-carnitine is an amino acid derivative that plays a role in
the metabolism of carbohydrates and the oxidation of long-
chain fatty acids. It is primarily synthesized in the liver and
kidneys but can also be obtained through diet, particularly
from animal products such as meat and dairy [42].

In recent years, there has been growing interest in L-
carnitine in athletes and it has been postulated that it could
enhance performance. However, most well conducted stud-
ies did not show a benefit in that regard [43].

A meta-analysis published in 2013 investigating the
effects of L-carnitine supplementation in the setting of
acute myocardial infarction, concluded that it was associ-
ated with a reduction in all-cause mortality, cardiovascular
mortality, and ventricular arrhythmias [44].

Reported side effects with L-carnitine consumption
include nausea, vomiting, and diarrhea, as well as increases
in trimethylamine N-oxide levels, which may be linked to
greater cardiovascular disease risk [45].

Overall, no safety concerns were reported for doses of
up to 2 g per day for one year [46].

However, the quantity of L-carnitine present in EDs is
not always mentioned, and further research is needed to
determine the safety of L-carnitine in higher doses.

B Vitamins

Multiple B Vitamins are present in most EDs, often in higher
amounts than the recommended daily allowance. The main
B vitamins found in EDs are vitamin B2 (riboflavin), vita-
min B3 (niacin), vitamin B6 (pyridoxine), and vitamin B12
(cyanocobalamin).

B vitamins are found in a wide variety of foods, so a
healthy diet is usually enough to provide the recommended
daily allowance. They are eliminated from the body via renal
excretion.

Some studies show benefits from high dietary intakes of
B vitamins.

A large Japanese cohort study found that high dietary
intakes of folate (vitamin B9) and vitamin B6 were associated
with reduced risk of mortality from stroke, coronary heart
disease, and heart failure [47].

A meta-analysis published in 2012 found that B vitamin
supplementation was linked to a decrease in homocysteine
levels as well as a significant protective effect on stroke. No
difference was found in the risk of cardiovascular disease or
all-cause mortality [48].

No adverse health effects were reported with the con-
sumption of large amounts of B vitamins [49].

Glucuronolactone

Glucuronolactone or D-glucurono-y-lactone is a natural
human metabolite formed from glucose. Based on the avail-
able data, it is rapidly absorbed, metabolized, and excreted
when administered orally [50].

A 250mL can of a glucuronolactone-containing ED usu-
ally contains a minimum of 500mg of glucuronolactone.
The estimated exposure to glucuronolactone from naturally
occurring sources in the diet is between 1 to 2 milligrams
per day, which is way lower than the amount found in EDs
[51].
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Not enough research has been conducted regarding glu-
curonolactone in humans. It is therefore not possible to draw
conclusions on whether this substance is harmful or benefi-
cial.

Ginseng

Ginseng is an herbal extract that has long been used in tra-
ditional Chinese medicine. It is now one of the most popular
herbal supplements in the world. Panax ginseng or Asian
ginseng is the commercial species usually found in EDs.

Most of the research shows that ginseng’s active con-
stituents, ginsenosides, have several beneficial properties
such as the improvement of physical and mental condi-
tions. They may also wield anti-stress, antioxidant, and
anti-inflammatory properties.

Multiple randomized controlled trials did not find any
major side effects linked to ginseng administration [52,53].

A recent cohort study reported that regular ginseng
use, particularly over a long duration, was associated with
reduced all-cause mortality in an adult female population
[54].

The adverse effects reported from clinical trials are
mild and mainly gastrointestinal. Other side effects include
headaches and insomnia. There is nonetheless a heterogene-
ity in the study designs, the studied populations, and the
doses of ginseng used.

Moreover, no systematic investigations or clinical trials
have been established for the use of Panax ginseng during
pregnancy and lactation [55].

Although ginseng consumption seems safe according to
the available data, the dose used in EDs is not always men-
tioned.

Yerba Mate

Yerba mate is widely known as the source of the tea called
mate, made from dried leaves of Ilex paraguariensis. It has
been largely consumed for many centuries in South American
countries.

The increasing popularity of yerba mate is due to its
anti-inflammatory, antidiabetic, and antioxidant properties
which are associated with its bioactive components such as
flavonoids, saponins, and polyphenols.

Furthermore, yerba mate has a high caffeine concentra-
tion, which is responsible for its stimulant action on the
central nervous system. This concentration varies between
25 to 175 mg of caffeine per gram of yerba mate [56].

Low doses of mate consumed alone seem safe. However,
it is possibly unsafe when taken in large amounts, for long
periods of time, or with other stimulants such as caffeinated
EDs.

Local case reports

Case report number one

A 25-year-old patient presented an OHCA while having din-
ner in a restaurant.

A bystander happened to be a doctor in veterinary
medicine and immediately started CPR while another
bystander called for medical assistance. The prehospital
emergency physician and his team arrived 6 minutes after

the arrest. The initial rhythm analyzed on arrival was ven-
tricular fibrillation. The patient was treated with manual
defibrillation, adrenaline, and amiodarone according to the
European Resuscitation Council and Advanced Life Support
2021 guidelines. Intubation and mechanical ventilation were
started during the CPR. Conventional CPR efforts were
undertaken for a total of 25 minutes. The ventricular fibril-
lation was refractory to the shocks and medical treatments.
Given the absence of ‘No Flow’ time, the young age of the
patient, and capnography showing an EtCO2 > 25 mmHg dur-
ing CPR, the team decided to transfer the patient to the
hospital to benefit from eCPR.

The hospital was only 5minutes away from the restau-
rant by ambulance, but to optimize the quality of the
CPR during the transfer, the team decided to use a LUCAS
device.

The patient received a total of 10 electrical shocks, 2
milligrams of adrenaline, and multiple doses of amiodarone.

Upon arrival, the patient was immediately transferred to
the operating theatre, where a cardiovascular surgeon, an
anesthetist, and an intensive care physician were ready to
manage the patient.

A Veno-arterial ExtraCorporeal Membrane Oxygenator
(VA-ECMO) was placed by using the right femoral artery
and vein. The patient was receiving mechanical CPR by the
LUCAS device throughout the procedure.

The first biological analysis showed severe lactic acidosis
with a pH of 6.54 and lactate levels at 22 mmoL/L.

A transesophageal echocardiography initiated during the
procedure showed a diffusely akinetic left and right heart
before the ECMO cannulation.

After the ECMO cannulation and improvement of the aci-
dosis, the right heart showed mild contractility.

The electrocardiogram revealed an accelerated junc-
tional rhythm. Since there was no electrocardiographic
evidence of occlusive myocardial infarction (ST elevation),
the interventional cardiologist on call estimated that a coro-
narography was not urgent and could be done within the first
24 hours.

A computed tomography (CT) pulmonary angiogram was
carried out and excluded a pulmonary embolism. A CT coro-
nary angiogram was then carried out and didn’t show any
sign of stenosis or occlusion in the coronary arteries.

The patient was kept intubated with no sedation at first,
and under VA-ECMO with vasopressors (Noradrenaline) and
anticoagulation (Heparin drip).

The patient showed signs of a good neurological outcome
within 24—48 hours of admission (normal electroencephalo-
gram, pupillary reflexes, purposeful movements of the
limbs, etc.).

The intensive care stay was however complicated by a
septic shock, an acute kidney injury requiring Continuous
Veno-Venous Hemofiltration (CVVH), an acute respiratory
distress syndrome (ARDS) requiring prolonged mechanical
ventilation and sedation, a Harlequin syndrome complicat-
ing the VA-ECMO requiring a switch to Veno-Venous-ECMO
(VV-ECMO) as the cardiac function was improving.

Harlequin syndrome is a rare complication of VA-ECMO,
defined by a lower oxygen saturation of the upper portion of
the body compared to the lower portion. It usually happens
when the cardiac function improves while the lung function
is still compromised. The improved cardiac output therefore
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prevents the retrograde flow of the VA-ECMO to come and
perfuse the upper part of the body.

The stay was also complicated by multiple short episodes
of ventricular tachycardia with hemodynamic stability
nonetheless and thus didn’t require electrical shock therapy.
The patient also developed frequent ventricular bigeminy
episodes. An amiodarone treatment was initiated as well as a
beta blocker when the heart function was deemed improved
enough.

The patient showed significant improvements overall and
complete neurological recovery. The coronarography exam
was performed during the stay and was completely normal.
The last transthoracic echocardiography showed an altered
left cardiac function with a left ventricular ejection fraction
of around 35%, an akinetic apical segment, and a hypokinetic
inferior segment.

The patient benefited from a subcutaneous Implantable
cardioverter defibrillator (s-ICD) for secondary preven-
tion, in order to detect and shock potential future
life-threatening arrythmias.

The patient’s medical history showed a tobacco consump-
tion of around 10 to 20 cigarettes per day and an important
consumption of around 3—4 cans per day of 500 mL Monster®
ED. No chronic alcohol consumption, and no other drug use.

No family history of cardiovascular events in the first-
degree family.

The patient spent a total of 38 days in the intensive care
before being transferred to the cardiology unit for 13 days
prior to leaving the hospital.

The cardiology team recommended total abstinence from
ED consumption as well as smoking. A regular follow-up in
heart failure with reduced ejection fraction (HFrEF) consul-
tation was instigated, and no arrhythmias were detected
by his s-ICD during the 6 months that followed his hospital
leave. HFrEF is defined by a left ventricular ejection frac-
tion (LVEF) < 40%. Goal-directed medical therapy for HFrEF
was nevertheless needed because of the persistent abnormal
ejection fraction at discharge and at 3 months.

Case report humber two

A 28-year-old patient presented an OHCA while he was at
a friend’s house. He was smoking cigarettes and drinking
Monster® EDs at the time of the event.

The patient initially developed chest pain and intense
perspiration and his friend called for medical help. When
the medical team arrived, the patient had a cutaneous
cyanosis, before abruptly fainting. The prehospital emer-
gency physician diagnosed a pulseless electrical activity
(PEA) and immediately started conventional CPR. Airway
management included endotracheal intubation and mechan-
ical ventilation during CPR.

No pulse was detected after 30 minutes of conventional
CPR. No asystole nor malign arrhythmias were detected
as well. The closest hospital was unfortunately more than
30 minutes away by ambulance.

Given the absence of “*No Flow’’ time and the young age
of the patient, the prehospital emergency physician decided
to transfer the patient to the hospital to benefit from eCPR.

To optimize the patient’s chances and the quality of the
CPR, the team used a LUCAS device for the transfer. The
team also began intravenous thrombolysis at 16 minutes into

the CPR given the absence of return of spontaneous circula-
tion (ROSC).

The patient received a total of 10 milligrams of
adrenaline and 3 milligrams of atropine.

Upon arrival, the patient was immediately transferred to
the operating theatre, where a cardiovascular surgeon, an
anesthetist, and an intensive care physician were ready to
manage the patient.

A VA-ECMO was placed by using the right femoral artery
and vein. The patient was receiving mechanical CPR by the
LUCAS device throughout the procedure.

The electrocardiogram showed sinus tachycardia with a
right bundle block that was not known beforehand. Since
there was no electrocardiographic evidence of occlusive
myocardial infarction (ST elevation), the interventional car-
diologist on that night estimated that a coronarography was
not urgent and could be done in the first 24 hours.

The transesophageal echocardiography showed a diffuse
hypokinetic right and left heart as well as akinesia of the
right ventricular free wall. The echocardiography was also
used to confirm the correct position of the extremities of
the ECMO cannulas.

The frontal electroencephalogram used in the operating
room showed slow frontal activity with mostly delta waves
in the absence of hypnotic drugs, even after the VA-ECMO
flow was started.

The patient was transferred to the radiology unit fora CT
pulmonary angiogram which allowed to exclude a pulmonary
embolism and an aortic dissection.

During the transfer, the patient presented ventricular
fibrillation which necessitated two electrical shocks before
ROSC.

Despite an adequate VA-ECMO flow rate, the patient
required major noradrenaline doses of up to 0.1 micro-
grams/kilograms/minute to maintain a mean arterial
pressure above 65 to 70 mmHg during the first 48 hours.

The patient also developed stage 3 acute kidney injury
according to the ‘‘Kidney Disease: Improving Global Out-
comes’’ (KDIGO) in the first 24 hours.

The neurological examination at 12 hours from admission
showed a Glasgow Coma Scale (GCS) of 3/15 which translates
into a state of deep coma with no response to any external
stimuli. No hypnotics were used during the whole patient
care period.

During the first 72 hours, the intensive care team also
used the Glasgow-Liege Scale (GLS) which combines the
GCS with the quantified analysis of five brain stem reflexes
(fronto-orbicular, pupillary light, oculo-cardiac, and hori-
zontal and vertical oculo-vestibular). The GCS remained at
3/15 and the brain stem reflexes were all abolished during
that period of time. An apnea test was also realized between
48 and 72 hours from the patient’s admission and revealed
negative for spontaneous respiration.

The team validated the cerebral death diagnosis and
explained the situation to the family.

The patient was then enrolled on the list of organ donors
but was only accepted for bone and skin, given the cardiac
and renal failure, the long CPR and eCPR, and the high doses
of noradrenaline used.

The patient’s medical history showed a unique congenital
kidney, but no associated syndrome was diagnosed before-
hand. According to his close family, he consumed around 20
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cigarettes per day, and almost solely drank EDs for hydration
with more than 6 cans per day of 500 mL Monster® ED. No
chronic alcohol consumption and no other drugs were used.

There was no family history of cardiovascular events in
the first-degree family.

Analysis of the two case reports

To conclude, these reports involve young and otherwise
healthy male adults of 25 and 28 years of age. The only car-
diovascular risk factor described in both cases was tobacco
consumption. The other common factor between the two
cases was heavy ED consumption.

Establishing a causality link between the ED consumption
and the OHCA they both experienced is fairly challenging.

However, given the negative family history in both cases,
the warnings from cardiovascular associations, and the
emerging number of case reports as described below, it
is very likely that this consumption played a role in these
unfortunate cardiac events.

Literature review
Literature case reports

Case report 1 (Berger AJ et al. [5])

The case involves a 28-year-old male who experienced
an OHCA after consuming 7—8 cans of an ED containing
80mg of caffeine per can (up to 640mg of caffeine) in
a span of 7hours before motocross racing. A ventricu-
lar fibrillation was recorded. The patient had no personal
medical history apart from tobacco consumption. He was
successfully resuscitated and underwent thrombolysis and
cardiac catheterization, which revealed a normal coronary
angiography. Transthoracic echocardiography revealed mild
left ventricular enlargement and low-normal systolic func-
tion with a hypokinetic anteroseptal segment. A follow-up
stress echocardiogram six months later showed no exercise-
induced ischemia.

Case report 2 (Enriquez A et al. [57])

The report includes two cases involving two young adults.

The first is a 19-year-old male who experienced ventric-
ular fibrillation after consuming three Monster® 8 oz cans
within a period of two hours. He had a negative personal
and family history of cardiovascular diseases. Investiga-
tions, including ECG, TTE, cardiac MRI, and coronary CT
angiogram, were inconclusive.

The second is a 23-year-old female with peripartum
cardiomyopathy with severely depressed left ventricular
ejection fraction with a subcutaneous implantable car-
dioverter defibrillator (s-ICD). She experienced a syncope
right after consuming a can of Red Bull. A ventricular fibril-
lation was recorded. That was the first time she consumed
an ED in her life.

Case report 3 (Aval S et al. [58])

A 28-year-old basketball player experienced an OHCA while
playing a game. A ventricular tachycardia was recorded. He
had consumed 750 mL of an ED during the 5 hours preceding
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the game. He had no significant medical or familial history,
and investigations including an ECG and a TTE were normal.

Case report 4 (Unal S et al. [59])

A 32-year-old man experienced left main coronary artery
thrombosis and acute anterior myocardial infarction after ED
consumption. The patient had consumed five bottles of an
ED and had no personal or family history of coronary artery
disease. The ECG showed ST elevation in V2 to V6, while
TTE revealed anterior, apical, and interventricular septum
hypokinesis, with left ventricular ejection fraction at 35%.
Coronary angiography showed a large thrombus occupying
nearly 90% of the diameter of the left main coronary artery,
as well as a second thrombus that occluded the proximal
left anterior descending artery. No coronary malformations
were identified. He was treated by balloon angioplasty.

Case report 5 (Polat N et al. [60])

This report describes the case of a spontaneous coronary
artery dissection (SCAD) in a 13-year-old adolescent follow-
ing the consumption of an ED. The patient presented with
chest pain and ST-segment elevation myocardial infarction
associated with SCAD, despite having no previous personal or
familial history of coronary artery disease. It was managed
conservatively. The initial TTE revealed moderate apical
hypokinesis, and the follow-up TTE at one month revealed
normal.

Case report 6 (Salanova-Villanueva L et al.

[61])

A healthy 25-year-old female developed ventricular tachy-
cardia with hypokalemia after sports and a declared
increased consumption of taurine-containing drinks and one
liter of Coca-Cola® per day (around 100 mg of caffeine). The
subject had a known chronic use of taurine-containing drinks
(500—750mL). The exact type or brand of that drink was
however not disclosed.

Case report 7 (Mattioli AV et al. [62])

This study reports three cases of atrial fibrillation in young
adults aged 22, 23, and 26 years within 8 hours of consum-
ing high amounts of unspecified EDs (respectively 750 mL,
600mL, and 600 mL with alcohol). The patients had no
history of personal or familial cardiovascular events. The
patients were successfully cardioverted, and investigations
including ECG, TTE, and drugs were negative.

Case report 8 (Sattari M et al. [63])

A 28-year-old male with a history of daily consumption of
two Monster® 160z cans and two to three beers devel-
oped atrial fibrillation with a rapid ventricular response. The
patient received diltiazem and metoprolol. Sinus rhythm
was restored within 48 hours of admission. The patient
underwent cardiac investigations, including ECG and TTE,
which were negative.

Case report 9 (Thomas A et al. [64])

A 29-year-old male developed atrial flutter after consum-
ing multiple EDs. The brand name and the dose were not
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detailed in the report. He had no personal history apart from
chewing tobacco. Details regarding the investigations were
unclear.

Case report 10 (Nagajothi N et al. [65])

The article reports a 23-year-old woman who experienced
supraventricular tachycardia following the consumption of
a highly caffeinated ED. She consumed a GNC speed shot®
(250—300 mg of caffeine depending on the exact product)
and a Mountain Dew 120z can (55mg of caffeine). The
ECG revealed narrow complex tachycardia with a ventricu-
lar rate of 219 beats/min. Carotid sinus massage and Valsalva
maneuvers were unsuccessful in restoring sinus rhythm, and
the patient was given 6 mg of adenosine, which resulted in
conversion to sinus rhythm.

Case report 11 (Shah SA et al. [66])

This is a study of a healthy 31-year-old volunteer compar-
ing the effect of one to two 16 0z cans of Monster® (160 to
320mg of caffeine) compared to carbonated water on the
QTc interval. The patient had a chronic caffeine intake of
3—5 cups of coffee per day.

The study found a prolonged QTc interval after the con-
sumption of Monster® compared to carbonated water.

Case report 12 (Dufendach KA et al. [67])

This is the case of a 13-year-old female who developed chest
pain and palpitations after consuming one 16 oz can of an
ED (160 mg of caffeine).

A congenital type 1 long QT syndrome was afterward
diagnosed, and the patient was treated with beta-blockers.
The patient had no personal or family history of syncope or
sudden death.

Case report 13 (Izquierdo Fos | et al. [68])

This article describes a case of syncope in a 13-year-old
male football player who consumed a can of ED (85 mg of
caffeine) before training. Atrial fibrillation with rapid ven-
tricular response was recorded. The subject had no personal
or family history of cardiac disorders. A sinus rhythm was
restored after treatment with Flecainide, and the blood
tests, ECG, and TTE were normal. Drug tests were negative
as well.

Case report 14 (Terlizzi R et al. [69])

This article reports a 16-year-old female who developed
orthostatic intolerance and episodes of transient loss of con-
sciousness after consuming 4-5 cans of Red Bull® per day
(320—400 mg of caffeine) during the week before the onset
of symptoms. Postural tachycardia syndrome was diagnosed.
The patient was a professional volleyball player, with multi-
ple normal cardiac examinations in the past. Her symptoms
were reversed, and her tests were normalized right after
stopping the consumption of EDs.

Analysis of the case reports
We reviewed 14 articles reporting cardiovascular events
associated with the use of EDs in 17 patients. Out of the
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19 articles initially identified, 5 were excluded from this
analysis for not meeting our inclusion criteria [5,57—74].

Table 3 displays the case reports regarding life-
threatening cardiovascular events associated with the use of
EDs. We found a total of 3 cases of documented ventricular
fibrillation, 2 cases of documented ventricular tachycardia,
one SCAD, and one acute myocardial infarction.

Table 4 displays other cardiovascular events described
after the use of these beverages.

The case reports are heterogeneous and include a total
of 17 young patients aged between 13 and 32 years, with a
majority of males (76%). Most of the patients had a negative
personal or family history of cardiovascular events. One of
the patients had a congenital type 1 long QT syndrome [67].
Another patient had peripartum cardiomyopathy associated
with severely depressed left ventricular ejection fraction
with s-ICD [57].

Most of the reports listed the brand of the ED consumed
and the caffeine content in milligrams, while others did not
mention these details.

We acknowledge that these case reports are heteroge-
neous, but they all include recent or major consumption of
EDs in overall young and healthy patients.

Whether EDs provoked these events cannot be stated,
but they may play a role in the genesis of cardiovascular
complications.

These events raise a concern about the safety of these
drinks, especially when consumed during physical activities,
or in association with other substances.

We excluded 5 of the reports that met our initial PubMed
search terms for the analysis, but we will briefly describe
their content here.

The first case involved a healthy young male with a neg-
ative medical history, who developed atrial fibrillation after
consuming a guarana extract containing 1.6g of caffeine
[70].

The second article reports three cases: a 36-year-old
male with sinus tachycardia and hypotension after consum-
ing 30 g of anhydrous powder of caffeine, a 27-year-old male
with sudden cardiac arrest and asystole after consuming 45 ¢
of anhydrous powder of caffeine, and a 20-year-old female
who was found dead after consuming homemade EDs with
caffeine powder, with autopsy tests showing high caffeine
concentrations in her blood and urine [71].

The third article involved a young female who experi-
enced chest pain, palpitations, and shortness of breath after
drinking 4 liters of Coca-Cola® (400 to 450 mg of caffeine).
The ECG revealed sinus tachycardia and the blood tests
revealed metabolic acidosis [72].

The fourth article that we excluded reports two cases of
young adults who consumed a mix of EDs and alcohol, but it
is focused on the agitation state of the patients rather than
on the cardiovascular events caused by this mix [73]. The
last article was excluded because it is written in Swedish
[74].

Additional case reports regarding ED consumption and
cardiovascular events were described in the medical litera-
ture but not within our search criteria and were therefore
not included in this article.
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Table 3 Life-threatening cardiovascular events associated with energy drink consumption.

Study Age/Sex Underlying Cardiovascular Energy Associated Medical
medical event and drink/Caffeine consumption investigations
conditions treatment dose

Berger AJ 28 M Negative Ventricular 7—8 cans of ED Tobacco ECG:

et al. [5] personal fibrillation and  within 7 hours anteroseptal
history out of hospital of motocross ST elevation
cardiac arrest. racing. (80 mg myocardial
Thrombolysis,  of caffeine per infarction.
hospital can so up to Coronary
transfer and 640 mg of angiography:
cardiac caffeine). ED normal. TTE:
catheteriza- brand not mild left
tion specified ventricular
enlargement
and
low-normal
systolic
function with
a hypokinetic
anteroseptal
segment.
Follow-up
stress
echocardio-
gram at 6
months:
negative for
exercise
induced
ischemia
Enriquez A 19M - Negative - Ventricular - 3 Monster® 8 None - ECG, TTE,
et al. [57] personal and fibrillation 0z cans cardiac MRI,
family history  successfully (240 mg of coronary CT
defibril - caffeine) angiogram: all
lated +s-1CD within a negative
implanted period of
2 hours
23M - Peripartum - Ventricular - One can of None - Not specified
cardiomyopa- fibrillation Red Bull®
thy with shocked by (80mg
severely s-ICD caffeine) but
depressed left first in her life
ventricular
ejection
fraction (20%)
with s-ICD
Avcl S et al. 28 M Negative Ventricular Chronic ED None ECG and TTE:
[58] personal and tachycardia use. 3 cans negative
family history.  after (total 240 mg
Basketball 30 minutes of of caffeine)
player. basketball. less than
Hospitaliza- 5 hours before
tion and playing
restored sinus  basketball. ED
rhythm and brand not
then death at  specified
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Table 3 (Continued)

Study

Age/Sex

Underlying
medical
conditions

Cardiovascular
event and
treatment

Energy Associated
drink/Caffeine consumption
dose

Medical
investigations

Unal S et al.
[59]

Polat N et al.
[60]

32M

13M

Negative
personal and
family history

Negative
personal and
family history

Left main
coronary
artery
thrombosis,
acute anterior
myocardial
infarction

Spontaneous
coronary
artery
dissection.
Good
evolution with
conservative
medical
treatment.
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5 bottles of None
EDs. Brand

and dose not

specified

One can of ED  None
(80 mg of

caffeine).

Brand not

specified
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ECG: ST
elevation V2
to V6. TTE:
anterior,
apical and
interventricu-
lar septum
hypokinesis,
left
ventricular EF
was 35%.
Coronary
angiogram:
large
thrombus
occupying
nearly 90% of
the diameter
of the left
main coronary
artery and a
second
thrombus that
occluded the
proximal left
anterior
descending
artery. No
atheroscle-
rotic lesions or
coronary
malformations
were
identified
Coronarography:
extensive
dissection of
the LAD artery
with a visible
tear from the
distal part of
the vessel.
The right
coronary
artery and the
circumflex
artery were
normal. Initial
TTE revealed
moderate
apical
hypokinesis.
Follow-up TTE
at one month
revealed
normal
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Table 3 (Continued)

Study Age/Sex Underlying Cardiovascular Energy Associated Medical
medical event and drink/Caffeine consumption investigations
conditions treatment dose

Salanova- 25 F Negative Ventricular Chronic use of  None ECG:

Villanueva L personal tachycardia taurine- Ventricular
et al. [61] history with containing tachycardia
hypokaliemia drinks

after sports
and increased

(500—750 mL)
and 1 liter of

consumption Coca-Cola®.
of taurine- (Around
containing 100 mg of
drinks. caffeine). ED
brand not
specified

ED: Energy Drinks, s-ICD:

subcutaneous Implantable Cardioverter Defibrillator,

ECG: Electrocardiogram, TTE: Transthoracic

echocardiography, MRI: Magnetic resonance imaging, LAD: Left Anterior Descending artery.

Meta-analyses and randomized controlled
trials

Multiple studies including meta-analyses and randomized
controlled trials have shown a significant increase in blood
pressure after consumption of EDs, as well as an increase in
the QTc interval [9,28,29,75]. However, a randomized trial
published in 2022 investigating children and adolescents,
found a decrease in the QT-RR relationship but no signifi-
cant QTc alteration in this pediatric population in contrast
to previous studies performed in adults [76].

In patients with congenital long QT or under medication
that may increase the QT interval, a low dose of caffeine
may be enough to provoke ventricular arrhythmias such as
torsade de pointes or ventricular fibrillation [77].

This study only included twenty-six patients and used a
lower dose of caffeinated EDs than most of the previous
studies in the adult population. Therefore, more evidence
is needed to exclude a QTc alteration in the pediatric popu-
lation after the consumption of EDs.

The authors however established that ED consumption
increases the incidence of supraventricular extrasystoles
(SVEs). If frequent, SVEs may be associated with the subse-
quent appearance of atrial fibrillation and ischemic stroke
[78—80].

Given the effects of EDs on the SNS via their caffeine
content and the resulting increase in blood pressure, we
would expect an increase in heart rate as well. However,
most of the studies regarding this issue show no significant
modification in heart rate.

The heart rate stability can probably be explained
through the stimulation of the carotid baroreceptors (resul-
ting from the increased blood pressure), which in turn
stimulates the parasympathetic nervous system, causing a
decrease in heart rate.

There are not enough well conducted studies that analyze
the resulting effect on the resulting cardiac output.

A recent meta-analysis published in March 2023 regarding
the consumption patterns of EDs in university students con-

55

cluded that the consumption of these drinks was frequently
associated with alcohol use and smoking [13].

Excessive intake of EDs, especially if combined with other
substances or in the presence of unmasked cardiovascular
conditions, may lead to more frequent cardiovascular events
[81]. Other substances include alcohol, tobacco, or other
drugs such as cocaine, which are all independent cardiovas-
cular risk factors.

Moreover, Worthley et al. [82] found that the acute con-
sumption of EDs increased platelet aggregation and reduced
endothelial function in healthy volunteers. The clinical sig-
nificance of these results is not known but it may be
associated with a higher incidence of myocardial infarction.

Discussion

The aim of this study was to report two local case reports and
describe the pathophysiological mechanisms of the different
constituents of EDs and to analyze the available literature
related to the consumption of these beverages and associ-
ated cardiovascular events.

Over the last decades, the number of published arti-
cles regarding ED consumption and cardiovascular events has
tremendously augmented.

The different pathophysiological mechanisms we
described regarding EDs as well as caffeine and other
constituents, could theoretically explain the increased
risk of cardiovascular events. While EDs declare the pure
caffeine content, they do not always declare the quantity
of yerba mate and guarana. The accumulation of caffeine
from these different sources may be an underestimated
cause of excessive caffeine intake, which may in turn
increase the risk of cardiovascular events.

Nevertheless, most of the available studies are case
reports or meta-analyses of small randomized controlled tri-
als. Larger well-designed prospective studies are required to
draw clear conclusions on the role of ED consumption on the
genesis of cardiovascular events. We acknowledge that the
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Table 4 Other cardiovascular events associated with energy drink consumption.

Study Age/Sex Underlying Cardiovascular Energy Associated Medical
medical event and drink/Caffeine consumption investigations
conditions treatment dose

Mattioli AV et al. Negative Atrial fibrillation Within 8 hours ECG, TTE, and

[62] personal and successfully from onset: toxicology
family history cardioverted exams: all
negative

22 M - 750 mL of ED - None

23 M - 600 mL of ED - None

26 M - 600 mL of - Alcohol

ED +alcohol (unknown
quantity)
ED brand and
dose not
specified.
Sattari M et al. 28 M Negative Atrial fibrillation 2 Monster® 16 oz 2 to 3 beers ECG, TTE and
[63] personal history and restored cans (320 mg of toxicology
sinus rhythm caffeine) exams: all
negative
Thomas A et al. 29 M Negative Atrial flutter Heavy energy Chewed tobacco Not specified
[64] personal history drink
consumption
(brand and dose
not specified)
Nagajothi N et al. 23 F Negative Supraventricular GNC speed shot® Not specified ECG: narrow
[65] personal history tachycardia. (250 to 300 mg of complex
Carotid sinus caffeine tachycardia with
massage and depending on the a ventricular rate
Valsalva product) and of 219 beats/min
maneuvers Mountain Dew®
unsuccessful. 12 oz can (55mg
Adenosine. of caffeine)
Conversion to
sinus rhythm.
Shah SA et al. 31 M Negative QTc interval One to two cans Chronic caffeine ECG: Prolonged

[66]

personal and
family history

prolongation.
Study on a
healthy
volunteer.

of Monster® 16 oz
(160 to 320 mg)
versus
carbonated water

use of 3 to 5 cups
of coffee per day

QTc interval

olWLId 1 *S pUe [weyd ‘W



*SQAIISI S)I0IP SNOJ, *oU] IAIAIS[H "$70ZO IS1AdO)) 29s1I0INE 1S9, U UOHBSI[IIN d1INE dUNINY JUAW[NIS [duuosiad aFesn un
1IN0 "$70T ‘97 oe Ins 121A3s[q Jed 1y Ko[Testur]) ap Jnaed g ureano  Jo A)sioArun) orjoyre)) e (e/u) 19s) snowkuouy nod 931eyd99 L

JA®

Table 4 (Continued)

Study Age/Sex Underlying Cardiovascular Energy Associated Medical
medical event and drink/Caffeine consumption investigations
conditions treatment dose

Dufendach KA 13F Negative Congenital type 1 Started None ECG: Extremely

et al. [67] personal and long QT syndrome consuming EDs 2 prolonged QT
family history diagnosed after weeks prior to interval.
chest pain and her symptoms. At Toxicology tests
palpitations. least one energy were negative
drink per day
containing 160 mg
of caffeine.
Izquierdo Fos | 13M Negative Syncope and Chronic ED use. None ECG, TTE, and
et al. [68] personal and atrial fibrillation One can (around toxicology
family history. during football 85 mg of exams: all
Football player. training. caffeine) right negative
Restored sinus before football
rhythm. training.
Terlizzi R et al. 16 F Negative Postural Red Bull® 4-5 None Multiple cardiac
[69] personal and tachycardia cans a day (320 examinations
family history. syndrome. to 400 mg of over the years
Professional Orthostatic caffeine) started with normal
volleyball player intolerance and in the week results.

and multiple
cardiac
examinations.

episodes of
transient loss of
consciousness.
Normalized tests
and reversal of
the symptoms
after stopping
consumption.

before the onset
of her symptoms.

Autonomic tests
were performed
with continuous
polygraphic
recording of
heart rate, blood
pressure and
breathing
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implementation of such a study is a challenging task, but it
is essential given the number of life-threatening cardiovas-
cular events described in association with ED consumption.

We also reviewed the current recommendations and
restrictions regarding caffeine and EDs in different
countries. We concluded that some of the reports
described cardiovascular events for caffeine doses lower
than the ones recommended by multiple associations
[57,58,60,63,65,67,68]. Mandilaras et al. [76] demonstrated
that the consumption of caffeinated EDs with a dose of 3 mg
per kilogram of body weight increases the incidence of SVEs
in a pediatric population and that therefore the EFSA upper
caffeine level recommendation should be critically reviewed
or discussed, at least for this population.

The European Cardiac Arrhythmia Society recommends
that children below 14 and those with pre-existing heart
conditions should avoid consuming caffeinated products. For
children who are over 14 years old, it is suggested that they
limit their daily caffeine intake to no more than 2.5mg per
kilogram of body weight.

Despite these recommendations, there has been a trend
towards higher caffeine content in many commercial energy
drink products over the years, with some products contain-
ing up to 300 mg of caffeine per can nowadays. In parallel,
there was a major increase in ED consumption since their
inception in 1987. Emergency department visits related to
ED consumption increased over time, but whether that is due
to the increased caffeine content or to the increased con-
sumption of EDs is challenging to prove. These visits were
often due to adverse reactions to caffeine and other ingre-
dients, as well as cardiovascular events such as palpitations
and chest pain.

Healthcare providers should be aware of the recom-
mendations regarding caffeine and EDs, as well as the
potential cardiovascular risk linked to these beverages.
Pediatricians, emergency physicians, and sports medicine
physicians should particularly be wary of these risks and
advise their patients accordingly. Anesthesiologists may also
include energy drink consumption in their preoperative eval-
uation or preoperative questionnaires in addition to alcohol,
tobacco, and other drugs. Preoperative discontinuation of
EDs should also be discussed in future research.

Moreover, individuals with pre-existing health conditions
such as arterial hypertension, congenital heart disease, and
acquired or congenital long QT syndromes should be vig-
ilant regarding ED consumption. Nowadays, a number of
frequently prescribed medications may prolong the QT inter-
val, and patients under these medications should probably
avoid EDs. These include antibiotics such as macrolides
and fluoroquinolones, antiarrhythmics such as amiodarone
and sotalol, antidepressants such as amitriptyline, citalo-
pram, and antipsychotics such as haloperidol or droperidol
[83].

An interesting research subject would be to determine
the prevalence of ED consumption in young adults present-
ing to the emergency department with symptoms evoking
cardiovascular events (such as chest pain, palpitations, syn-
cope, etc.). Such a study could be undertaken on a national
or multinational level.

Additional research should also aim to review the long-
term effects of chronic use of EDs on cardiovascular function
as well as life expectancy for instance.

Conclusion

Our case reports and our literature review regarding ED con-
sumption and cardiovascular events support previous claims
regarding the safety of such drinks.

Be that as it may, most of the available data is based on
case reports or small monocentric randomized controlled
trials.

Multiple studies suspect the high amount of caffeine to
be the primum movens behind these cardiovascular events,
while other reports describe cases of life-threatening
cardiovascular events with doses of caffeine below the
safety limits set by the FDA or other health organizations
[57,58,60]. While ED brands declare the caffeine content,
they do not always list the quantity of yerba mate and
guarana. This may be an underestimated cause of exces-
sive caffeine intake, which may in turn increase the risk of
cardiovascular events.

Moreover, the physiological interactions between the dif-
ferent components of these drinks have not been extensively
studied, and some, such as taurine and glucuronolactone are
present in very high concentrations compared to the esti-
mated exposure from naturally occurring sources in the diet
[38,51].

Given the growing consumption of EDs worldwide and the
rare yet life-threatening cardiovascular events described,
we suggest that health associations review the recommenda-
tions, regulations, and labeling regarding these beverages.

To the limit of our knowledge and our research, the
long-term effects of such drinks have not been studied.
Large multicenter well-conducted prospective studies are
required to draw clear conclusions on the role of ED con-
sumption on the genesis of cardiovascular events.
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