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Unexpected outcome (positive or negative) including adverse drug reactions

CASE REPORT

Energy drinks give you wings but also an abnormal

exercise test

Tawfiqur R Choudhury, Muhammad A Abdool, Gavin Galasko

SUMMARY

This is the case of a 53-year-old man with known
coronary artery disease who underwent two exercise
treadmill tests (ETT). The first test, which yielded an
abnormal result, was undertaken shortly after he had
drunk two cans of Red Bull, a popular energy drink (ED).
A second ETT was undertaken 1week later by the same
team without EDs on board and the test result was
normal. This case suggests that drinking EDs prior to an
ETT could lead to a false positive result and should be
discouraged prior to exercise testing.

BACKGROUND

We believe that this is the first description of a
false positive exercise treadmill test (ETT) resulting
from energy drinks (EDs) taken prior to the test.
The consumption of EDs has significantly increased
over the last decade. The UK population consumed
600 million litres of EDs in 2014 compared with
370million litres in 2008, with a market worth
£1480 million, making up 4.1% of soft drinks
consumption.' These so-called ‘energy drinks’ are
marketed as energy boosting and concentration
enhancing as well as aiding athletic performance
and weight loss. EDs are particularly popular with
the adolescent and younger population. However,
they are also being regularly drunk by people in
older age groups, some of whom may have under-
lying coronary artery disease (CAD). Potential
described effects have included cardiac arrhythmias,
reduced coronary perfusion, increased myocardial
workload, increased platelet aggregation, decreased
endothelial function and even coronary artery vaso-
spasm, which in turn may be risk factors for an
acute myocardial infarction.*?

CASE PRESENTATION

A 53-year-old man presented to the hospital 9 hours
after the onset of typical cardiac chest pain. The
pain had lasted for 2 hours but he was pain free on
arrival. His ECG showed partial right bundle branch
block (QRS 113 ms) and no significant ST elevation.
An echocardiogram was undertaken which showed
preserved left ventricular function with mild concen-
tric left ventricular hypertrophy (septum 1.1cm,
posterior wall 1.2 c¢m in diastole) and mild inferior
hypokinesia. On admission, he was hypertensive at
175/105 mm Hg with a high-sensitivity troponin I
at 349 (normal 0-59 ng/L), rising to 8636, 12 hours
later. He underwent an angiogram with a view to
intervention within 48 hours of his admission. This

showed mild atheroma in an otherwise essentially
normal left coronary tree. The right main coro-
nary artery and posterolateral branch were free
of disease but the posterior descending artery was
occluded in its midportion. This was successfully
wired and treated with a 2.75mmx23mm Xience
drug-eluting stent. He was pain free throughout his
admission and he was discharged the day following
his procedure. His medications were aspirin 75 mg
OD, clopidogrel 75mg OD, atorvastatin 80 mg
ON, ramipril 2.5 mg OD, bisoprolol 1.25 mg OD,
amlodipine 5mg OD and there were no concerns
regarding adherence postdischarge.

As he was desperate to go on a skiing trip, 5 weeks
post-myocardial infarction (MI), an ETT was
organised 4 weeks after the index event to assess
his functional state, look for ischaemia and provide
appropriate advice. This yielded an abnormal
result. The day after the first treadmill test, the
patient informed the cardiology department that he
had drunk two cans of Red Bull shortly before the
test, thinking it would improve his performance.
Accordingly, he was brought back 1week later for
repeat testing which showed a normal result.

Our centre’s policy for ETT includes not eating
in the hour preceding the test and discontinuation
of rate limiting medications for 48 hours. The test
results are detailed below.

INVESTIGATIONS

Treadmill test 1

The resting blood pressure (BP) was high
(190/95 mm Hg). The resting heart rate (HR) was
67 bpm and the resting ECG showed T-wave inver-
sion in leads I, I1I, avF and V35-6 (figure 1, old ECG
changes). During the test, the patient had difficulty
in keeping coordinated on the treadmill. He denied
any alcohol use. The patient managed 8.03 min on
the Bruce protocol and achieved 10.40 Metabolic
Equivalent of Tasks (METs) with a maximum HR
of 153 bpm (91% of maximal age-predicted HR).
The BP rose to a maximum of 250/100 and the test
was stopped due to an exaggerated BP response. No
chest pain was reported. During stage 1, premature
ventricular contractions (PVCs) were seen. This was
followed by further unifocal PVCs and a couplet in
stage 2 (figure 2). During stage 2, upsloping ST
depression was seen in leads V5-6. This progressed
to 1.85mm of horizontal ST depression during
stage 3 in lead V6 and 0.5-1mm of horizontal
ST depression in lead V5 at maximum workload
(figure 3). These ST changes resolved within 40s of
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Figure 1 Resting ECG.

recovery. However, a minute into recovery, there was an increase
in PVC frequency before subsequently settling (figure 4). The BP
gradually returned to his baseline of 190/90 mm Hg.

Treadmill test 2

No changes in medications were made in between the tests. The
same doctor and technician supervised the test. On this occasion,
the resting BP and HR were 164/80 and 64 bpm, respectively.
The patient managed 10.23 min on the BRUCE protocol and
achieved 12.30 METS. The heart rate rose to 126 bpm (75% of
age-predicted maximal HR) with an appropriate maximum BP
response (220/100 mm Hg). On this occasion, no PVCs or ST
changes were seen. No symptoms were reported and the patient
had excellent coordination during the entire test.

OUTCOME AND FOLLOW-UP

The patient went on a skiing holiday following the second
normal test without any complications and no adverse cardiovas-
cular effects have occurred from initial discharge to the second
exercise test. At 12-month follow-up, he was doing extremely
well, has been on a second skiing holiday and is free of exer-
tional chest pain.

DISCUSSION

European guidelines only suggest exercise testing post-MI in
patients with incompletely revascularised multivessel disease.’
They also go on to state that no generalisable recommendations
can be made regarding the delay to resumption of activities but
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that decisions should be individualised based on left ventricular
function, completeness of revascularisation and rhythm control.*
The American scientific statement is more detailed in this respect
supporting the use of ETT in patients with CAD to predict
cardiovascular events, all-cause death and to evaluate physical
capacity, effort tolerance and exercise-related symptoms.’

The rationale for organising an ETT here prior to the skiing
holiday is borne from the concern around high altitude and cold
weather coupled with the planned strenuous physical activity.*®
Acute hypoxia,” physical activity, dehydration and cold weather
all cause sympathetic activation at altitude resulting in vasocon-
striction, a rise in heart rate and blood pressure, hence increasing
cardiac output.®

This case highlights the ECG and haemodynamic changes that
can occur on treadmill testing in a patient with known CAD after
consumption of EDs. These abnormalities disappeared during
the second ETT, with no EDs on board. Differences seen after
ingestion of two EDs included impaired coordination on the
treadmill, higher resting and peak BP, higher resting and peak
HR, more arrhythmias (PVCs and couplets seen only when EDs
were on board) and significant ST depression during exercise.
Thus, when EDs were on board, the ETT was classified as ECG
positive for ischaemia, but was reclassified as completely normal
when no EDs were on board.

Other adverse cardiovascular events and findings have been
described with EDs including increased platelet aggregation,
decreased endothelial function, reduced coronary artery blood
flow (worse in underlying CAD and hypoxic conditions),
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Figure 3  Stage 3 ST depression after energy drink.

increased cardiac strain by increasing heart rate and blood pres-
sure and possibly coronary artery vasospasm. There has also been
the suggestion that they can trigger acute coronary syndromes,
QT prolongation and cardiac arrest.?* ="

Some of these changes are due to the high caffeine content in
EDs. Namdar ez a/* in a study of 30 subjects, 15 with CAD, with
amean age of 58, concluded that caffeine impairs the exercise-in-
duced hyperaemic myocardial blood flow response in patients
with CAD to a greater degree than in age-matched controls. Using
positron emission tomography scanning to measure myocardial
blood flow, they found that 50 min after oral caffeine intake,
the latter did not affect resting coronary blood flow. However,
exercise-induced myocardial blood flow was reduced by 14%
in controls, 18% in patients with CAD in their non-affected
coronary arteries and by 25% in patients with CAD in arteries
that had stenotic segments. Caffeine may cause this by triggering
catecholamine release and by directly inhibiting adenosine-me-
diated vasodilatation, with intrinsic adenosine production linked
to the hyperaemic response to exercise.”> Namdar et al'® have
also found that myocardial blood flow is reduced during hypoxia
with up to a 39% reduction in flow reserve.

Caffeine has been proposed as a potential trigger for acute
myocardial infarction.” In a retrospective case-cross-over design
study, Baylin et a/* found that in 503 incident cases of non-fatal
MIs, occasional coffee drinkers had a 4.1-fold relative risk of
suffering their MI within 1 hour of a cup of coffee. This was less
common in more frequent coffee drinkers. Similarly, patients
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Figure 4 Premature ventricular contractions in recovery.
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with three or more cardiac risk factors had a 2.1-fold relative
risk of suffering their MI within 1hour of a cup of coffee.”

Although caffeine is likely to be the major player in EDs, their
physiological and pathological effects on the heart are unlikely
to be limited to caffeine alone. Thus, while a normal can of Red
Bull contains 80 mg of caffeine, equivalent to a cup of coffee,
it also contains 1000 mg of taurine and 600 mg of glucurono-
lactone which may in turn also have cardiovascular effects.'”
Glucuronolactone, for example, has been shown to increase
blood pressure.'® Another additive found in a number of EDs
is Guarana, which contains caffeine hence augmenting the
caffeine-related effects.’

Although no direct causal link between ED and the docu-
mented ETT changes has been demonstrated in this report, the
timing of the ED consumption prior to the first ETT and the
resolution of the ETT changes on subsequent testing without ED
on board lead us to consider that the observed changes could
be secondary to ED consumption. Although a higher peak heart
rate and peak blood pressure was seen during ETT1, which
could confound the findings, and might explain some of the
differences between the two tests, this is unlikely to explain all
the differences. For example, PVCs and couplets were only seen
in ETT1, starting in stage [ and II, respectively, at heart rates and
blood pressures that were reached in ETT2 where no PVCs or
couplets were seen. Furthermore, upsloping ST depression was
seen towards the end of stage 1 in ETT1, again at heart rates and
blood pressures seen in ETT2 where no such ST depression was
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seen. By the time horizontal ST depression was seen in ETT1,
it was at heart rates and blood pressures that were higher than
those achieved during ETT2, and thus it is unclear whether these
haemodynamic changes caused the ST depression, on a back-
ground of hypertensive heart disease, rather than having EDs on
board. However, these changes in ETT1 persisted in recovery
for almost 40's leading us to believe that the EDs may have been
contributory here.

Causes of false positive ETTs include female gender, hyper-
ventilation, lead placement, structural heart disease, valvular
dysfunction, digitalis therapy, abnormal baseline ECG and elec-
trolyte disturbances.’ Recent ingestion of alcohol and caffeine
can also exacerbate arrhythmias® but it would be difficult to
attribute all the effects observed in this case to caffeine alone.

This case report highlights the need for clear instructions to
patients prior to ETT to avoid not only caffeine, but energy
drinks as well. Consumption of these prior to an ETT might alter
the test result and hence affect patient advice as well as further
management. In our opinion, EDs should be held-off for at least
24 hours, if not 48 hours, prior to an ETT. It appears that, in this
case, after 7 days, there w no residual systemic effects.

Learning points

» Energy drinks could potentially have haemodynamic,
proarrhythmic and myocardial effects in individuals with
coronary artery disease.

» Energy drinks can affect the outcome of exercise tests due to
the exaggerated blood pressure and heart rate response.

» Energy drinks can alter the result and interpretation of
exercise tests in the form of ischaemia mimics on the ECG.

» There might be a need for clear instructions to patients prior
to exercise treadmill test to avoid caffeine and energy drinks
for at least 24 hours, if not 48 hours prior to testing.
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