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Abstract

We highlight two distinct cases of myocardial infarction occurring concurrently with anaphylaxis at our centre in Singapore.
The first case had cardiac symptoms and electrocardiogram changes concomitant with his anaphylaxis presentation, sug-
gestive of Kounis syndrome, while the second case presented with anaphylaxis and only developed cardiac symptoms and
electrocardiogram changes after treatment with intramuscular epinephrine, suggestive of epinephrine-induced myocardial
infarction. Both these conditions are uncommon and under-recognised, and we review the current literature to compare the
similarities and differences in their clinical manifestations, pathophysiology, and management. Kounis syndrome occurs sec-
ondary to mast cell degranulation ultimately resulting in coronary vasospasm, platelet activation and inflammatory response,
whereas epinephrine causes platelet aggregation. Therefore, treatment priorities of Kounis syndrome are treatment of allergy,
treatment of vasospasm, and treatment with anti-platelet therapy and revascularization if coronary plaques are present. For
epinephrine-induced myocardial infarction, after epinephrine treatment is discontinued, considerations in management are
re-vascularisation or pharmacotherapy. Further research will help with better understanding of both conditions and formula-
tion of clinical management guidelines.
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Highlights infarction results from platelet aggregation caused by
epinephrine.

e Due to different pathophysiology, management of each

e Kounis syndrome and epinephrine-induced myocardial
infarction while present similarly, can be distinguished
clinically by the onset of symptoms and signs as well as
ECG and cardiac enzyme changes.

e Kounis syndrome occurs secondary to degranulation
of mast cells, whereas epinephrine-induced myocardial
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is distinct.
e Further research is needed for establishment of practice
guidelines to aid clinicians in management

Introduction

Myocardial infarction in the setting of anaphylaxis can occur
either as a result of allergic acute coronary syndrome, also
known as Kounis Syndrome, or from anaphylaxis treatment
with epinephrine. Differentiating the aetiology is important
in successful treatment. While there have been case reports
of both conditions, to our knowledge there has not been any
literature comparing their presentation, pathophysiology,
and management. In this article, we present a case of Kou-
nis syndrome and a case of epinephrine-induced myocardial
infarction, and review the literature on both to provide a
head-to-head comparison.
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Case 1: Kounis syndrome

A 42-year-old man with medical history significant for
inferior ST-segment elevation myocardial infarction 1 year
prior, poorly controlled type 2 diabetes mellitus, hyper-
tension, hyperlipidemia, asthma, allergic rhinitis, has a
3-year history of recurrent chronic urticaria precipitated
by exercise every 3 months. Coronary angiogram a year
ago showed triple vessel coronary artery disease with
100% occlusion in the middle segment of left anterior
descending artery, 100% occlusion in the middle segment
of circumflex artery, 90% stenosis in the second obtuse
margin branch, and 90% stenosis in the right coronary
artery. Percutaneous coronary intervention with drug-
eluting stents was performed for the circumflex and obtuse
marginal lesions. Residual disease were treated medically.
Left ventricular ejection fraction was assessed to be 40%
on trans-thoracic echocardiogram.

He presented to the emergency department with acute
onset of generalized urticarial rash, angioedema, wheez-
ing and breathlessness without chest discomfort. Prior to
his symptom onset, he had eaten pizza with garlic bread
and exerted himself by walking home. Electrocardiogram
(ECG) obtained prior to arrival to hospital revealed ST-
segment elevation in the inferior and lateral leads (Fig. 1).
He was loaded with Ticagrelor 180 mg and arranged for
emergency coronary angiogram with no epinephrine given.

Coronary angiogram revealed a culprit lesion of 90%
stenosis in the left circumflex artery and 90% stenosis in
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the right coronary artery (Fig. 2a, ¢). Drug-eluting balloon
was performed to the middle segment of left circumflex
artery (Fig. 2b) and balloon angioplasty performed to the
proximal segment of right coronary artery (Fig. 2d). Serial
troponin trended up to 9121 ng/L (range 0.0-17.4) after
12 h. He was continued on dual antiplatelet therapy and
referred for coronary artery bypass grafting. Repeat ECG
showed resolution of dynamic changes. A review by the
allergist diagnosed him to have wheat-dependent exercise
induced anaphylaxis with a positive omega-5 gliadin IgE
result, and recommended for treatment with oral anti-his-
tamines with standby epinephrine auto-injector.

Case 2: epinephrine-induced myocardial infarction

A 58-year-old man with chronic smoking history, minor cor-
onary artery disease, hypertension, transient ischemic attack,
and has yearly urticaria triggered by jogging since 20 years
of age. Six months ago, he was admitted for chest pain for
which a trans-thoracic echocardiogram showed preserved
ejection fraction and no regional wall motion abnormality
and a computed tomography coronary angiography showed
minor irregularities in the proximal segment of right coro-
nary artery (Fig. 3a) with normal left anterior descending
and left circumflex arteries.

He presented to the emergency department with acute
onset of breathlessness, generalised urticarial rash, and gid-
diness with no chest pain. The symptoms started 30 min
after eating fried flat noodles and Malay glutinous rice cakes
followed by directing traffic under the sun. Initial ECG

SVF

Fig. 1 Electrocardiogram showing ST-segment elevations over II, III, aVF and V3-6 with reciprocal ST depression and T wave inversion in aVL

and I, consistent with inferolateral ST-elevation myocardial infarction
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Fig.2 Coronary angiogram showing a 90% stenosis in the mid left
circumflex artery pre-intervention; b status/post drug eluting balloon
to the mid left circumflex artery; ¢ 90% diffuse right coronary artery

showed normal sinus rhythm without any ischemic ST-T
changes (Fig. 3b). A diagnosis of anaphylaxis was made and
he was given intramuscular epinephrine 0.5 mg. Ten minutes
later, he developed severe chest pain and ECG showed new
ST-segment elevations in the inferior leads (Fig. 3c).

After loading with Ticagrelor, he underwent emergency
coronary angiogram which revealed a 50% stenosis from
a developing thrombus in the proximal segment of right
coronary artery (Fig. 4a). There were minor irregularities
in the left anterior descending and left circumflex arteries.
A drug eluting stent was used for the lesion in the right coro-
nary artery (Fig. 4b). Serial troponin-I rose to 4288.0 ng/L
(range 0.0-17.4) 9 h later. Trans-thoracic echocardiogram
demonstrated left ventricular ejection fraction of 60% with
no regional wall motion abnormalities. He was continued
on dual anti-platelet therapy. A review by the allergist

disease pre-intervention; d status/post plain old balloon angioplasty
to proximal right coronary artery

diagnosed him to have possible food-dependent exercise
induced anaphylaxis from wheat allergy but he defaulted
outpatient confirmatory tests.

Discussion

Anaphylaxis refers to an acute, life threatening systemic
allergic reaction occurring minutes to hours after exposure
to a known or highly probable allergen [1, 2]. It involves
the skin and/or mucosal tissue with respiratory, cardiovas-
cular or gastrointestinal systems. Food-dependent exercise-
induced anaphylaxis is a rare type of anaphylaxis, where
food triggers anaphylaxis only if eating is followed by exer-
cise, which acts as a cofactor [3]. Separately, either the cul-
prit food or exercise is well-tolerated. Leading theories have
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Fig.3 a Computed tomography coronary angiogram showing mild
stenosis in the proximal right coronary artery. b Invasive coronary
angiogram showing 50% stenosis in the proximal right coronary

postulated that exercise triggers food-induced anaphylaxis
in sensitised patients by increasing gastric permeability and
food allergen absorption [4], and that exercise lowers the
activating threshold for interactions between antigens and
IgE on mast cells [5]. Onset of anaphylactic symptoms occur
within 4 h preceding exercise (usually within 30 min) [6],
with exercise intensity ranging from low levels of exertion
(e.g. walking, brisk walking, raking leaves) to vigorous exer-
tion (e.g. jogging, aerobics). Most common food culprits are
wheat, grains, and nuts in Western populations and wheat
and shellfish in Asian populations [7].

Myocardial infarction in the setting of anaphylaxis can
arise from Kounis syndrome or be induced by epinephrine.
In the first case described, the patient presented with anaphy-
laxis and ST-segment elevation on the pre-hospital ECG. As
no epinephrine was administered, Kounis syndrome is sug-
gested. In contrast, the second case presented with a normal
presenting ECG, but with the onset of ischemic symptoms
and ST-segment elevation on ECG only after epinephrine
was administered. This suggested epinephrine-induced myo-
cardial infarction [8].

Kounis syndrome

First described by Kounis in 1991, Kounis syndrome refers
to the concurrence of acute coronary syndromes (which
includes coronary spasm, acute myocardial infarction, and
stent thrombosis) with mast cell and platelet activation in
the setting of hypersensitivity, allergy, or anaphylaxis. Dur-
ing anaphylaxis, degranulation of mast cells occurs and
releases compounds such as histamine, neutral proteases
(tryptase, chymase), platelet activating factors, cytokines,
chemokines, and others by metabolism of arachidonic acid
[9]. Histamine causes coronary vasoconstriction, activation
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artery with haziness from a developing thrombus. ¢ Coronary angio-
gram post-percutaneous coronary intervention with a drug-eluting
stent across the proximal right coronary artery

of platelets, induction of tissue factor expression and activ-
ity, intimal thickening, inflammatory cell activity modula-
tion, pro-inflammatory cytokine production, P-selective
upregulation, and sensitisation of nerve endings in athero-
sclerotic coronary arteries [10]. Tryptase and chymase acti-
vate matrix-degrading metalloproteinases, which ultimately
cause destabilisation of atherosclerotic plaque [11].

Food-dependent exercise-induced anaphylaxis is a rare
allergy. To our knowledge, only three cases associated
with Kounis syndrome have been reported [12]. Interest-
ingly, aspirin, which is the mainstay of treatment for coro-
nary artery disease, appears to provoke the symptoms of
food-dependent exercise-induced anaphylaxis [13]. It is
speculated that aspirin lowers the threshold of mast cell his-
tamine release.

Kounis syndrome can be sub-divided into three types—
type L, type II, or type III [10]. Type I variant involves coro-
nary vasospasm in patients with normal or near normal coro-
nary arteries, and without predisposing factors for coronary
artery disease. Type II variant involves patients with pre-
existing but quiescent coronary plaques. An allergic reac-
tion triggers coronary vasospasm, plaque erosion, or rupture
and results in acute myocardial infarction. Type III variant
occurs in patients with coronary stent thrombosis, includ-
ing patients who died suddenly following stent implantation.
Our case exemplifies type II Kounis syndrome.

The incidence of Kounis syndrome varies worldwide,
ranging from 7.9 to 9.6 per 100,000 inhabitants annually in
Canton Bern, Switzerland [14] to 4.33 per 100,000 inhab-
itants annually in Achaia, Greece [15]. In the emergency
department in Eruzum, Turkey, the incidence amongst all
admissions was 19.4 per 100,000 or 3.4% among all allergy
patients [16] while in Shizoka, Japan, it is 2.0-2.2% [17] in
patients with anaphylaxis.
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Fig.4 Electrocardiogram shows a Normal sinus rhythm with no ST-T changes before administration of epinephrine; b ST-segment elevations in
leads II, III, and aVF suggestive of inferior ST-elevation myocardial infarction

Kounis syndrome is a clinical diagnosis based on pre-
senting symptoms, laboratory findings, ECG, echocardiog-
raphy and coronary angiogram [10]. Risk factors include a
past history of allergy, hypertension, smoking, diabetes, and
hyperlipidemia [18]. Majority of the symptoms occur within
1 h of exposure to the trigger (80%), although some cases
have been reported to have onset of more than 6 h (9.2%)
[18]. Chest pain (86.8%) was the most common symptom,
followed by anaphylaxis (53%), rash (26.8%), wheezing
(14%), and pulmonary oedema (5.1%) [18].

Treatment of Kounis syndrome requires simultaneously
addressing and balancing the management of coronary
vasospasm and/or thrombosis with allergy. There have not
been any consensus clinical guidelines for the management

of Kounis syndrome although authors, based on case reports
or series, have followed the principles of treatment guide-
lines of acute coronary syndrome and anaphylaxis [19]. In
type I Kounis syndrome, patients may benefit from treatment
of the allergic reaction to prevent further complications [19].
The inciting allergen should be removed and fluid resusci-
tation given in shock. Pharmacological agents such as H1
and H2 anti-histamines for relief of allergic symptoms and
glucocorticoids to prevent biphasic anaphylactic reactions
can be administered. Intramuscular epinephrine however,
can worsen ischemia by inducing vasospasm and trigger-
ing arrhythmias. Those who are elderly, and especially with
concurrent hypertension and coronary artery disease, are
more prone to these effects [20]. To relieve vasospasm,
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vasodilators such as calcium channel blockers and nitrates
can be given, with cautious use if blood pressure is low as
nitroglycerin can cause hypotension and tachycardia and fur-
ther complicate anaphylactic shock [10, 19]. In type II and
III Kounis syndrome, management is as per type I variant
with acute coronary syndrome management by established
guidelines, which includes loading of dual anti-platelets with
aspirin and P2Y12 receptor inhibitor followed by revascu-
larisation [21]. In type III variant, aspiration of intra-stent
thrombus for histological examination and staining for
eosinophils and mast cells is helpful [22]. f-blockers should
be avoided in Kounis syndrome because it can worsen coro-
nary vasospasm by unopposed a-adrenergic receptor activity
[22]. Opioids (e.g. morphine, codeine, meperidine), typi-
cally given for relief of acute chest pain, should also be used
with caution as it can induce mast cell degranulation and
aggravate the allergy [22].

Epinephrine-induced myocardial infarction

In the treatment of anaphylaxis in adults, intramuscular epi-
nephrine 0.01 mg/kg 1:1000 1 mg/ml solution to a maximum
of 0.5 mg is first-line [1]. Epinephrine is an endogenous
catecholamine which at low dose, has more pronounced
p-adrenergic effects whereas at higher doses, has more pro-
nounced al-adrenergic effects [23].

Epinephrine-induced myocardial infarction is an under-
studied and lesser known condition compared to Kounis
syndrome. The mechanism proposed is that epinephrine
promotes platelet aggregation by increasing the production
of thromboxane B2 by platelets, lowering the threshold for
adenosine disphosphate (ADP)-induced platelet aggregation
[24], as well as increasing thrombin-induced platelet fibrino-
gen binding [25].

A literature search of epinephrine-induced myocardial
infarction revealed 12 case reports (in English), without
reported incidence. Their age ranged from 21[26] to 78 years
old [27], 3 occurred in females [27-30] while majority
occurred in males [8, 26, 27, 30-36]. 2 of the cases involved
a past history of coronary artery disease with percutaneous
coronary interventions [27, 33], while many did not have
any pre-existing heart conditions. In terms of presenta-
tion, the onset of symptoms post-epinephrine administra-
tion ranged from immediate to within 15 min. Amongst the
articles which reported on symptoms present (10), majority
of the cases had chest pain (9/10), while other symptoms
included tachycardia (5/10), palpitations (3/10), nausea
(2/10), and diaphoresis (2/10). There was a wide range of
inciting allergens, from drugs to foods to bee sting. Many of
the cases described normal coronary arteries on angiogram
[29, 34, 36] or computed tomography coronary angiogram
[26, 30], suggestive of type 2 myocardial infarction from
coronary artery spasm. Three case reports revealed type 1
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myocardial infarction with acute thrombosis on coronary
angiogram post epinephrine administration [27, 32, 33]. Two
of these cases had known significant coronary artery disease
with multiple percutaneous coronary interventions [27, 33].
Our case was an example of an acute thrombosis induced by
exogenous epinephrine in a setting where coronary anatomy
was assessed as minor artery disease 6 months prior.

There are currently no consensus guidelines on the man-
agement of epinephrine-induced myocardial infarction.
Authors have opted to manage conservatively when there
is low suspicion of coronary thrombosis and the suspected
mechanism is coronary vasospasm rather than plaque rup-
ture. This included patients with few or no cardiovascular
risk factors, young age, no ECG changes or changes which
resolve after a short period. Pharmacotherapy included sub-
lingual or intravenous nitroglycerin, anti-platelets, and sta-
tin. Some patients were followed up with cardiac imaging
such as echocardiography, CT or invasive coronary angio-
gram. On the other hand, acute management with emergency
coronary angiogram with a view of percutaneous coronary
interventions [27, 32, 33] was usually chosen if patients have
significant cardiovascular risk factors.

Comparing Kounis syndrome
and epinephrine-induced myocardial infarction

Clinicians should consider the possibility of Kounis syn-
drome or epinephrine-induced myocardial infarction in
patients with concurrence of anaphylaxis and cardiac symp-
toms and signs. Presentations for both may be similar but
they have different pathophysiology and need to be distin-
guished to be managed differently (Table 1).

The first clue would be the onset of cardiac symptoms.
Although these symptoms are common to anaphylaxis, if
it occurs during or after administration of epinephrine, an
epinephrine-induced aetiology is more likely. In Kounis syn-
drome, the onset of cardiac symptoms and ECG changes
precedes any epinephrine administration. Similarly, ECG
or cardiac enzyme changes occur only after epinephrine is
given in an epinephrine-induced aetiology. In both condi-
tions, the provoking agent should be stopped. In epineph-
rine-induced myocardial infarction, this would be epineph-
rine while in Kounis syndrome, this would be the inciting
allergen. In Kounis syndrome, epinephrine should also be
avoided to prevent worsening of coronary vasospasm and
ischemia.

Management of epinephrine-induced myocardial infarc-
tion is based on the cardiac risk stratification and suspi-
cion of coronary thrombosis. The treatment can be phar-
macotherapy or with percutaneous coronary intervention.
In comparison for Kounis syndrome, the allergic reaction
should be treated with anti-histamines and corticosteroids
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Table 1 Comparison between Kounis syndrome and epinephrine-induced myocardial infarction

Kounis syndrome

Epinephrine-induced myocardial infarction

Presentation

Onset
cardiac enzyme changes precede epinephrine

Pathophysiology

Symptoms and signs of acute coronary syndrome, ECG or

Degranulation of mast cells releasing histamine, neutral

Concurrent symptoms and signs of anaphylaxis and acute coronary syndrome

Symptoms and signs of acute coronary syndrome, ECG or
cardiac enzyme changes occur during or after epinephrine
given

Platelet aggregation caused by epinephrine

proteases and other compounds resulting in coronary vasos-

pasm, platelet activation and inflammatory response

Management Stop inciting allergen Stop epinephrine
Avoid use of epinephrine Percutaneous coronary intervention vs conservative pharma-
Treat allergy with anti-histamines and corticosteroids cotherapy
Treat vasospasm with vasodilators, but avoid use of
B-blockers
In type II or III variant, treat with dual anti-platelets and re-
vascularisation
and coronary vasospasm with vasodilators, with avoidance References

of vasospasm-aggravating p-blockers. If this is a type II or
IIT Kounis syndrome, patients should be given dual anti-
platelets and re-vascularised.

Conclusion

We outlined 2 cases who had both anaphylaxis and myo-
cardial infarction, but with distinct pathophysiology. Acute
signs and symptoms can be similar for both conditions but
warrant distinctly different managements. Physicians should
be vigilant for acute coronary syndrome and anaphylaxis
occurring concomitantly. Epinephrine remains the first line
therapy for anaphylactic shock, whereas prompt discontinu-
ation is warranted if epinephrine induced myocardial infarc-
tion is suspected and avoided in Kounis syndrome.

Overall, both epinephrine-induced myocardial infarction
and Kounis syndrome are uncommon causes of myocardial
infarction. Further studies will be needed to understand both
condition’s epidemiology, presentation, pathophysiology,
and to formulate investigation and treatment guidelines for
clinicians.
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