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Abstract: The -reported human _- is considered to be the _ death,

caused by a- sting. Currently, anaphylactic cardiovascular events represent one of most frequent medical
emergencies. Rapid diagnosis, prompt and appropriate treatment can be life saving. The main concept

and_ thus resulting in cardiovascular

collapse. Cardiac output depression due to coronary hypoperfusion from systemic vasodilation, leakage

of plasma and volume loss due to increased vascular permeability, as well as _ are
regarded as the main causes of cardiovascular collapse. Clinical reports and experiments indicate that the
human- in general, and the -- in particular, could be the -- of the released
Sl ENREGH (CORGRiy Vasoconstiod v MAGHBGEH ndccd 1y che relsscd HEHOR
suncy g By lypis, Ehesin . 1BESEicnes oGRS o FHERAGNAng fctod
anaphylaxis associated acute coronary syndrome,

(PAF) can result to further myocardial damage and the so-
called_ Kounis syndrome with increase of cardiac troponin and other cardiac biomarkers,

can progress to heart failure and cardiovascular collapse. In experimental anaphylaxis, cardiac reactions

beyond anaphylaxis lies to

caused by the intracardiac histamine and release of other anaphylactic mediators are followed by secondary
cardiovascular reactions, such as cardiac arrhythmias, atrioventricular block, acute myocardial ischemia,
decrease in coronary blood flow and cardiac output, cerebral blood flow, left ventricular developed pressure
(LVdp/dtmax) as well as increase in portal venous and coronary vascular resistance denoting

Clinically, some patients with anaphylactic myocardial infarction respond satisfactorily to appropriate
interventional and medical therapy, while anti-allergic treatment with antihistamines, corticosteroids and

fluid replacement might be ineffective. Therefore, _ the - of -- due to
myocardial tissue _ from systemic _ and - of plasma, from myocardial tissue
due to -_ and-might be challenging during anaphylactic cardiac collapse.

and_treatment seems currently beneficial. Simultaneous

measurements of peripheral arterial resistance and coronary blood flow with newer diagnostic techniques

including cardiac magnetic resonance imaging (MRI) and myocardial scintigraphy may help elucidating the

pathophysiology of anaphylactic cardiovascular collapse, thus rendering treatment more rapid and effective.
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Introduction

(from Hellenic anaphylaxis = _
instead of prophylaxis meaning

protection), is referred to the event cascade that may follow
exposure to a particular antigen and causing an acute multi-
organ response, with cardiac, coronary/systemic arterial,
dermatological (although
to- of people), respiratory, renal, gastrointestinal and
neurological involvement (1). Consequently, anaphylaxis is
regarded today as a severe, life-threatening generalized or

features being in up

systemic hypersensitivity reaction.

Anaphylactic shock represents an emergent medical
condition, thus rendering rapid diagnosis and prompt
treatment life-saving (2). It is characterized by profound
further

and cardiac output

leading to
suppression (3). Several reports have revealed that the
could represent the

of

and myocardial

anaphylaxis (4).
tissue hypoperfusion lead to cardiac output reduction
and peripheral tissues hypoperfusion, thus resulting in

further cellular injury and tissue dysfunction.

occasionally associated with

systemic anaphylaxis (5).

In this review, the key immunological, clinical, laboratory
and experimental features of cardiac anaphylaxis and
anaphylactic cardiovascular collapse are described in an
effort to delineate the controversial role between systemic
vasodilation and coronary vasoconstriction as the basis of
systemic and cardiac anaphylaxis.

Historical aspects

The
of

sting of a wasp or while he was travelling to the
ﬂ- (6). This event is based on i of two

only partially preserved but almost identical ebony plates
found at one of the many putative Menes burial sites (7).

is supposed to be that
attributed to the

© Annals of Translational Medicine. All rights reserved.

In the modern world, the correlation between
cardiovascular disorders and anaphylactic reactions
was demonstrated in the previous century (8) in
animal experimental models (9), which revealed
electrocardiographic and other direct alterations of cardiac
activity. The term cardiac shock was introduced, at the same
period, as a physiological entity referring to feeble pulse
and low blood pressure as vascular shock manifestations.
Combination of the two was referred as cardiovascular
shock. This term was applied to the anaphylactic reactions
documented in dogs and rabbits, but not to that of guinea
pigs, as the latest were usually dying from asphyxia during
experiment (10). Cardiovascular symptoms and signs,
accompanying allergic, hypersensitivity, anaphylactic or
anaphylactoid reactions, firstly appeared in the English,
German and Austrian medical literature >7 decades ago.
These reactions were attributed to serum sickness and
tetanus antitoxin and were characterized as carditis with
morphologic cardiac lesions (11), serum reactions inducing
acute carditis (12), or lesions with basic characteristics of
rheumatic carditis (13).

In 1950, Czickeli (14), was the first who attempted to
correlate allergic reactions with physiological mechanisms
of angina pectoris and acute myocardial infarction.

In the same year, Pfister and Plice (15) described the first
true acute myocardial infarction associated with urticaria in
a 49-year-old man treated with 300,000 units/day penicillin
in oil. Treatment with dicumarol, papaverine, morphine and
diphenhydramine hydrochloride demonstrated favorable
results in management of this patient.

In 1965, Zosin et al. (16) published the first report of
allergic myocardial infarction regarding a 48-year-old atopic
male patient admitted with urticarial rash, retrosternal
tightness, premonition of imminent death and shock
following egg, milk and strawberries consumption as well
as sulfonamide and pyramidon administration. The patient
was treated with antihistamines and was discharged after

30 days of hospitalization in a good general condition. In
DT e GRS AARETE (17 s

coincidental occurrence of chest pain and allergic reactions,
accompanied by clinical and laboratory findings of classical

atm.amegroups.com Ann Transl Med 2018;6(17):332
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angina pectoris caused by inflammatory mediators released
during the allergic insult”. The authors suggested that the
mechanism of chest pain development in patients suffering

an allergic reaction could be explained by the underlyin

, this constitutes
This variant

variant of
of angina could progress to acute myocardial infarction
called *
the . Kovanen
et al. (20) demonstrated a much

(200:1) degree of
at the ﬁ or

rupture compared to adjacent areas or even more distant

and representing

variant of

segments of unaffected arteries, in patients died of acute

myocardial infarction of non-allergic etiology. This report

rendered clear the existence of a

that could have
profound therapeutic and clinical implications. In the
meantime, Constantinides (21) raised the possibility that
even ordinary allergic reactions could promote

disruption, whereas

where allergic reactions with mediators such as histamine or

leukotrienes acting on coronary vascular smooth muscle can
induce vasospastic angina.

Finally, the first comprehensive report, concerning the
unique association of anaphylaxis and the heart was published
in 2006 (23) characterizing these events as “magnificent
nature’s own experiment”. During this year a potential
relationship between drug-eluting coronary stent thrombosis
and hypersensitivity to coronary stent components as a
manifestation of Kounis syndrome was emphasized (24).

Anaphylactic shock: pathophysiologic
considerations

Indeed, anaphylaxis represents

an important potential cause of life threatenini events.

of the
during their

Accordin

to recent reports,

will
(26,27).
Allergic or hypersensitivity reactions and anaphylaxis
constitute immune mediated conditions, sharing the
same underlying pathophysiologic mechanisms. Previous
exposure to an antigen or a substance of similar structure

© Annals of Translational Medicine. All rights reserved.
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might be the cause of a subsequent anaphylactic reaction.
The presence of
- and
membrane-bound immunoglobulin E (-), constitutes
the basis of acute allergic reactions, thus including
anaphylaxis (28). Mast cells, mainly, and basophils,
occasionally, are triggered to release their inflammatory
mediators, when a specific number of high affinity
IgE receptors FceRI (fragment crystallizable region) is
aggregated. Such a concentration in density of FceRI
receptors can be achieved by the bridging of IgE antibodies
to an allergen disposing at least two epitopes corresponding
to the IgE antibodies (29). The critical number of
bridged IgE molecules has been estimated to be 2,000,
thus creating 1,000 bridges, out of a maximal number of
500,000-1,000,000 IgE molecules on cell surface (30).
Anaphylactic reactions associated with cardiovascular

released by-
in case of an allergen interaction with

alterations are frequent and transient, but in some cases
they may result in extensive and life-threatening myocardial
damage (31). Fact that can be attributed to the

in the tunica media
and around -
32). During anaphylaxis,
coronary hypoperfusion caused by systemic vasodilation,
plasma leakage, loss of volume due to increased vascular
permeability and reduced venous return can contribute
to cardiac output suppression, leading further (33) to
myocardial damage and ventricular dysfunction.

and adventitia of

Various mechanisms have been incriminated in order to
explain the cardiovascular collapse during anaphylaxis (34),
including excessive activation of vasodilators and increased
nitric oxide (NO) synthesis. NO activates soluble guanylate
cyclase and increases cyclic guanosine monophosphate.
Furthermore, elevated prostacyclin synthesis activates
soluble adenylate cyclase and produces cyclic adenosine
monophosphate. Finally, shock induced acidosis and NO
release activate vascular potassium channels, thus further
causing severe and persistent vasodilation resistant to
catecholamine administration (35).
shock,

Durin

to that might respond
only to potent vasoconstrictors has been also reported (37).

This shift of fluid volume is

atm.amegroups.com Ann Transl Med 2018;6(17):332
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Allergen
(Food, drugs, chemicals,
Insect sting/bite, others)

e

Histamine, tryptase, leukotrienes,
thromboxane, cytokines, cathepsin-D,
prostaglandins, PAF, others.

Blood circulation

- ry vasoconstriction
— nd Syndrome @

Heart and vessels

Gastrointestinal system

Lungs and
airways

Figure 1 Schematic representation of the_of anaphylaxis and the specific role of the released mediators on heart and vessels.

IgE, immunoglobulin E.

Excessive catecholamine production might have various

effects.
vascular

resent
experience peripheral

due to increased vascular resistance (40).

injections . to treat severe acute aller
to the effect of various ﬂ

and this is
Furthermore, the endogenous

catecholamine release enhanced further b
administration have an
on myocardium, thus triggering
and electrocardiographic changes
o coromary artery

(41,42). Indeed,
angina pectoris patients are more

to increased
endogenous serum levels, provoking

platelet activation and aggregation as well as thrombosis

induction (43).
and - reports, su

in general, and the

articular, could be the site and the
_ raising - regarding the of

cardiovascular collapse during anaphylaxis. Could coronary

ort that the
in

human

© Annals of Translational Medicine. All rights reserved.

hypoperfusion be the result of systemic vasodilation induced
by plasma leakage, volume loss due to increased vascular

ermeability, and
.

induced by anaphylactic
mediator release (histamine, chymase, tryptase, cathepsin D,
leukotrienes, thromboxane, PAF) lead to

with increase of cardiac- (troponin),

and reduced cardiac output?

Indeed, BiS@MIRE can induce CORoRAry Vasoconstriction

via the H1 receptors (17), chymase converts angiotensin

. could

I to angiotensin II constituting a major vasoconstriction
substance, as cathepsin-D does (44), tryptase activates
the zymogen forms of metalloproteinases such as
interstitial collagenase, gelatinase, and stromelysin that
can promote plaque disruption or rupture as well as
induction of pericellular matrix degradation (basophils
have about 500-fold lower levels of tryptase than
mast cells) (45). While EUESIORESHEC ATpoeErtal
vasoconstrictors

(46), thromboxane promotes platelet

aggregation and vasoconstriction (47) and finally PAF
can further induce arrhythmias, ST segment changes and
vasoconstriction (48) (Figure I).

atm.amegroups.com Ann Transl Med 2018;6(17):332
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The heart as primary target of anaphylaxis

Experimental evidence

Several experimental studies revealed that the primary

targets of anaphylaxis could be the heart and especially the

coronary arteries.

)

)

(1)

In the first ever published experimental study (49),
severe cardiovascular dysfunction was reported to
occur primarily during systemic anaphylaxis. This
study clearly delineated the cardiac involvement
in systemic anaphylactic reactions, demonstrating
the relevance of immunologically-induced
cardiovascular collapse. Indeed, the primary cardiac
reactions induced by the intracardiac histamine
release were followed by secondary cardiovascular
reactions caused by systemic release of anaphylactic
mediators.

In experimental anaphylaxis with guinea pig hearts,
the following events occurred post intra-aortic
injection of the antigen: (i) quick and prolonged
decrease of coronary blood flow; (ii) abrupt
increase of heart rate, peaked within 2 minutes;
(iii) transient increase in ventricular contractility,
followed by a prolonged decrease, reaching its
nadir 6-8 minutes after antigen challenge; (iv)
Arrhythmias such as idioventricular rhythm
and conduction defects, ranging from partial
to complete atrioventricular block occurred 45
seconds after antigen administration and lasted for
about 9 minutes (50).

"The hypothesis that cardiac tissue might be a target
for antigen/antibody reactions was investigated
in guinea pigs that were passively sensitized by
intravenous anti-ovalbumin rabbit serum. Twenty-
four hours later their hearts were excised and
isolated according to a working heart preparation
technique. Anaphylaxis was induced by a bolus
injection of ovalbumin. Coronary flow, aortic
flow, left ventricular developed pressure and its
first derivative (LVdp/dtmax) were profoundly
decreased after induction of anaphylaxis. A
significant increase in heart rate and left ventricular
end diastolic pressure (LVEDP) were also
observed. All these alterations occurred within the
first 5 minutes, whereas all variables returned to
approximately the pre-challenge values. When a
specific PAF receptor antagonist was administered
prior to the anaphylactic challenge, heart rate and

© Annals of Translational Medicine. All rights reserved.
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LVEDP increase, whilst coronary and aortic flow,
left ventricular developed pressure and LVdp/dtmax
reduction were all inhibited in a dose-dependent
manner (51).
In ovalbumin-sensitized guinea pig experimental
anaphylaxis model within 3 minutes post ovalbumin
administration several cardiac features were
changed as follows (52):
(i)  decrease of cardiac output by 90%;
(i) significant increase of LVEDP by 35%,
indicating pump failure;
(iii) significant increase of arterial blood pressure
by 35% that started declining steadily after
4 minutes;
(iv) acute myocardial ischemia confirmed by
concurrent electrocardiographic changes.
The authors concluded that “the idea that
the registered anaphylactic damage might be
due to peripheral vasodilatation can be definitely
excluded”. In addition, the rapid LVEDP
increase suggests that decreased venous return
and volume loss due to vascular permeability
increase are unlikely to be the primary causes
of the documented cardiac output and blood
pressure depression.
Experiments in rats (53) have shown that the
vascular resistance responses to anaphylactic shock
are characterized by considerable increase in
portal venous resistance, with only initial transient
decrease in hepatic artery and splanchnic vascular
resistances. An absence of a significant increase in
splanchnic vascular resistances was evident only
during the early stage of the experiment. Fact that
opposes to the general belief that anaphylactic
shock is the result of diminished vascular resistance,
leading to vasodilatation and fluid extravasation.
The elevated portal venous resistance could be
attributed to anaphylaxis-released vasoactive
mediators, which can constrict portal veins in
isolated perfused rat livers (54).
In sensitized rats by subcutaneous administration
of egg albumin the mean arterial pressure, carotid
blood flow, cardiac output, cerebral cortical blood
flow (estimated by laser Doppler technique) and
cerebral tissue oxygen pressure were recorded
over the 15 minutes following anaphylactic shock
induction. All these parameters were decreased,
but the authors of this article concluded that the

Ann Transl Med 2018;6(17):332
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severe cerebral blood flow impairment could not
be explained by the level of arterial hypotension
during anaphylactic shock (55). In their
experimental rat model of anaphylaxis, the tissue
oxygen partial pressure decreased very rapidly, as
early as 1 minute following anaphylaxis onset, fact
that was attributed to early and direct action of
anaphylactic mediators on cerebral vessels. Indeed,
reduced cerebral blood flow, leading to post-
ischemic hypoperfusion could be the result of mast
cell mediator release such as histamine, chymase,
leukotrienes and platelet-activating factor, which
could further induce cerebral artery spasm during
anaphylaxis. Therefore, cerebral ischemia and brain
injury following anaphylactic shock could be due to
direct action of anaphylactic mediators on cerebral
arterial system and not solely due to arterial
hypotension (56).

(VII) Cardiac anaphylaxis was induced by intracoronary

injections of ovalbumin in isolated hearts of
ovalbumin-sensitized Wistar rats. In response to
ovalbumin administration, the sensitized rat hearts
of anaphylaxis group demonstrated a decrease in
coronary blood flow, and in the maximum rate
of systolic left ventricular pressure (dP/dtmax)
and an increment in coronary vascular resistance,
as evidence of coronary spasm. The authors
concluded that these results may suggest that left
ventricular dysfunction during anaphylaxis can be
attributed mainly to coronary vasoconstriction and
the inducible myocardial ischemia (57,58).

(VIII)In other experimental models, anaphylaxis was

induced by ovalbumin antigen injection into
open-chest of artificially ventilated sensitized
mice. Aortic blood flow, mean arterial pressure,
pulmonary arterial pressure, left atrial pressure
and central venous pressure were continuously
measured (59). In the sensitized mice, the aortic
blood flow and mean arterial pressure underwent
an initial transient increase, followed by progressive
decrease post the antigen injection. No total
peripheral resistance reduction was observed,
while pulmonary artery pressure showed initially
a transient increase up to 18.5+£0.5 mmHg along
with pulmonary vascular resistance increment. The
aortic blood flow and the mean arterial pressure
decrease induced by the antigen were attenuated
by pretreatment with either a platelet-activating

© Annals of Translational Medicine. All rights reserved.
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factor receptor antagonist, or by histamine HI
receptor antagonist, -diphenhydramine-, and
further were abolished by their combination.
Diphenhydramine enhanced the initial pulmonary
artery pressure and pulmonary artery resistance,
without affecting the corresponding mean arterial
pressure drop. Furthermore, administration of
either leukotriene C4 or serotonin antagonists,
alone or in combination with the platelet-activating
factor receptor antagonist, revealed no significant
impact. The authors again concluded that mice
anaphylactic hypotension could be only attributable
to cardiac output reduction via PAF and histamine
actions and not to vasodilation. Conversely, the
slight increase in pulmonary artery pressure was
not involved in mice anaphylactic hypotension.

(IX) A recent experimental study (60), aiming to elucidate
the role of nitrtic oxide as a potential therapeutic
target in cardiac anaphylaxis, was undertaken in
albumin-sensitized mice and wild-type mice.

The hearts of male mice were excised and
were perfused retrogradely with Krebs-Henseleit
solution, at a constant perfusion pressure,
according to the Langendorff technique. Cardiac
anaphylaxis was elicited by ovalbumin solution
injection into the aortic cannula. Coronary flow
was measured and oxidative stress markers such
as index of lipid peroxidation as thiobarbituric
acid-reactive substances, NO, superoxide anion
radical and hydrogen peroxide were assessed
spectrophotometrically in the coronary venous
effluent. Post ovalbumin challenge, coronary flow
was significantly decreased in the wild mice group,
while NO and hydrogen peroxide were significantly
increased in the mice group.

The authors concluded that coronary
vasoconstriction during cardiac anaphylaxis
does not necessarily depend upon inducible NO
synthase activity and that NO may not be the only
influential mediator of anaphylactic reaction in
isolated mice heart.

Clinical evidence

The following clinical studies demonstrate that cardiac
biomarkers indicative of myocardial injury are increased
in the various types of anaphylaxis. Furthermore, there are
also clinical reports of patients with anaphylactic| cardiac

atm.amegroups.com Ann Transl Med 2018;6(17):332
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collapse, manifesting as Kounis syndrome and Takotsubo

cardiomyopathy accompanied with increased serum

cardiac troponin, who did not respond to intravenous fluid

administration and inotropic support and required coronary

syndrome treatment protocol.

)

)

(I

In a recent clinical study (61) of 31 patients
admitted to the emergency department suffering
from anaphylaxis, angioedema, urticaria and
urticaria angioedema, it was demonstrated for the
first time a significantly increased cardiac troponin
I concentration compared to 125 healthy controls.
In the subgroup of anaphylaxis, the cardiac
troponin I levels were higher than those of patients
with milder allergic reactions. The systematic
cardiac troponin measurement in patients with
acute allergic reactions in order to detect and treat
potential myocardial injury was necessary according
to the authors. Indeed, these findings might have
profound clinical, therapeutic and pathophysiologic
implications as far as anaphylaxis, myocardial injury
and Kounis anaphylaxis-associated acute coronary
syndrome (62) are concerned.

In another recent study (63) concerning 300
patients with anaphylactic reactions, admitted
to the emergency department and assessed by
electrocardiography, echocardiography and
cardiac troponin measurements, myocardial
injury was observed in 22 patients (7.3%). Various
cardiomyopathies, including Kounis syndrome
and Takotsubo cardiomyopathy have been also
observed in patients with myocardial injury. Insect
bites, drugs and food were the most frequent
causes of anaphylaxis. Urticaria, dyspnea, chest
pain and swollen oropharynx were the common
symptoms and signs at initial presentation. No
mortality was observed in the myocardial injury
group, but there were 9 patients with documented
cardiac arrest. The previous cardiac status and the
arrest cause were not determined, as autopsy was
not performed. However, one patient died due
to multiple organ failure. The authors concluded
that further prospective studies are required to
investigate the prognosis of cardiac injury in
patients with anaphylaxis.

Another patient with hymenoptera sting-
induced Kounis syndrome was complicated
with anaphylactic shock. Immediate coronary
angiography revealed acute coronary thrombosis

© Annals of Translational Medicine. All rights reserved.
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and the patient underwent coronary angioplasty
and supported hemodynamically with intra-
aortic balloon pump following an acute coronary
syndrome therapeutic protocol. The patient
was eventually stabilized with optimal cardiac,
antiplatelet and anti-arrhythmic medications,
without anaphylaxis treatment administration and
was discharged with an outpatient clinic follow-up
appointment (64).

In another report regarding a patient stung by
multiple wasps and developing type I variant
of Kounis syndrome with anaphylactic shock
and myocardial ischemia, the administration of
antihistamines, hydrocortisone normal saline and
adrenaline did not have any immediate effect,
and the patient recovered in a later stage with
vasodepressors and myocardial infarction protocol
treatment (65).

An atopic female nurse allergic to milk protein,
with eczema and bronchial asthma, developed
anaphylactic reaction with hemodynamic collapse
and myocardial stunning leading to reduced
cardiac output (66). The hemodynamic status
was unresponsive to intravenous administration
of fluids such as Ringer acetate and anti-allergic
treatment with adrenaline and corticosteroids. The
condition was complicated by pulmonary oedema
and decompensated heart failure. In this patient,
application of myocardial infarction protocol
treatment proved to be lifesaving.

Metaraminol and epinephrine not only resulted to
hypotension deterioration, in a patient with peri-
operative anaphylactic shock due to gelofusine
infusion and increased troponin, but suppressed the
cardiac output within 3 minutes (67). The patient
recovered gradually following administration of
intravenous antihistamines and corticosteroids and
ongoing inotropic support.

(VII) In a patient with stent thrombosis post snake

bite anaphylaxis associated with acute myocardial
infarction, administration of inotropes and fluid
expansion were not beneficial and the patient
underwent myocardial infarction protocol treatment
with thrombolysis with good outcome (68).

The above studies and reports are in accordance with

atm.amegroups.com

previous laboratory and clinical evidence supporting that
inflammatory mediators released locally and in the systemic
circulation during allergic and anaphylactic reactions
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Arysulfatases

Carbopeptidase A Granulocyte monocyte-colony stimulating factor

Chymase* Fibroblast growth factor

) Nerve growth factor
Kinogenases

Phospholipases Stem cell factor

Vascular endothelial growth factor
Tryptase*

Cathepsin G* Arachidonic acid products

1 *x
Peptides Leukotrienes

o .
Bradykinin Platelet activating factor

i *
Corticotrophin releasing hormone Prostaglandins (thromboxane)

) *, mediators apply specific cardiovascular action (see text).
Endorphins

Endothelin
Somatostatin factors and arachidonic acid products such as leukotrienes,
thromboxane, prostacyclin, PAF and tumor necrosis factor-
are released during mast cell activation have been found to
have important cardiovascular effects (69Jgble ). All these
Urocortin OOEJOHT EFOPUF UIBU UIF IFBSU BOE FTQ
Vascular endothelial growth factor arteries may constitute the primary targets of allergic
JOOBNNBUPSZ NFEJBUPST UIBU DPVME GVSI
injury with increased cardiac troponin levels.
Table 1 (continueyd Since the coronary arteries argotential anaphylaxis

targets, it is not surprising that an acute coronary syndrome

may represent a part of the anaphylactic reaction or one of its
could cause coronary vasoconstriction, then leading to predominant clinical features (70)The Kounis anaphylaxis-
SFEVDFE DPSPOBSZ CMPPE O0PX BOE Nagdodaies &ciite bbrdn&WsBridiemess & Typical example.
coronary hypo-perfusion can further induce anaphylactic
cardiac collapse and cerebral hypo-perfusion. Indeed, the
following biogenic amines such as histamine, enzymes such
as the neutral proteases chymase, tryptase, cathepsin-D,
peptides, proteoglycans, chemokines, cytokines, growth This syndrome combines acute coronary events including

Substance B

Vasoactive intestinal peptide

Vascular factor

Kounis syndrome: a primary cause for the
anaphylactic cardiovascular collapse

© Annals of Translational Medicine. All rights reserved. atm.amegroups.com Ann Transl Med2018;6(17):332
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coronary spasm, acute myocardial infarction and stent
thrombosis, with mast cell and platelet activation
DPOEJUJPOT
cells, such as mast cells, macrophages and T-lymphocytes,
might be involved in an anaphylaxis cascade, then leading
to Kounis syndrome. In this activation cascade, a subset
of platelets is also involved via F®I, Fc RIl, Fc ®RI, and

Fc RII receptors situated on platelet surface (66). Kounis
syndrome is caused by inflammatory mediators such as
histamine, neutral proteases, platelet-activating factor,
arachidonic acid products along with a variety of cytokines
and chemokines released during the anaphylactic activation
process (72). Despite that mast cells represent a numeric

Page 9 of 14

on epidemiology, diagnostic findings, management and
complications of allergic acute coronary syndromehe

*OUFSSFMBUFE B O Evari@rd BfSk®DnisJspridrahte ¢ &fé&rihg tbPp@ients with

normal or nearly normal coronary arteries represented
the most common type (72.6%) of this syndrome. This
variant can progress to coronary thrombosis leading to
major adverse cardiovascular events (MACE) including
cardiogenic anaphylactic shock (2.3%), cardiac arrest
BOE FWFO EFBUI
anterior or inferior ST segment elevation myocardial
infarction (STEMI) (75). The annual incidence of Kounis
syndrome in patients with anaphylaxis was 2% (2 of 100)
from 2012 to 2017 based on emergency department records

NJOPSJUZ JO UIJT JO6BNNBUPSZ DBTDoB &t JaphReseChBIPNAE(7B)- DI df WEUMIZ syndrome
JOOVFODF UIF JO6BNNBUPSZ QSPDFT TpatieitsIddd/RadT but@he Bt & Blled> f8or cardiac arrest.

cycle seems to exist in which all these inflammatory cells
participate, activate each other via multidirectional signals.
Most of these mediators may exert important cardiovascular
actions. These pre-formed and newly synthesized
inflammatory mediators are released locally and enter
the systemic circulation, causing either coronary artery
spasm which can progress to acute myocardial damage, or
immediate coronary thrombosis that constitutes the main
clinical manifestations of Kounis syndrome.

Incidence

Kounis syndrome does not seem to be a rare disease. However,
it is infrequently recognized and underdiagnosed in clinical
practice, and further reported in the medical literature. There

is a paucity of large prospective trials aimed at determining the
exact incidence and prevalence of this condition.

A recent prospective study (73) reported that out of
138,911 patients admitted to the emergency department
during 1 year, 793 presented with allergy signs. Out
of these, 769 were admitted with urticaria and 24 with
angioneurotic edema. Therefore, the incidence of allergy
admissions during 1 year was 5.7 per 1,000 patients.
The incidence of Kounis syndrome documented in the
emergency department among all admissions was 19.4 per
100,000 (27/138,911), and 3.4% among allergy patients
(27/793). Of 51 cases of Kounis syndrome reported to
the International Pharmacovigilance Agency (VigiBase™)
during the period 2010-2014, almost half (22 reports)
occurred in 2014. Most cases occurred in the USA, and
non-steroidal anti-inflammatory medications were the
most frequent trigger drugs (74). In a recent review article

© Annals of Translational Medicine. All rights reserved.
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In another Japanese hospital (77), the annual incidence of
Kounis syndrome in anaphylaxis patients was 2.2% (3 of
138) at the emergency department from 2013 to 2017. All
3 patients survived, except of one that complicated with
anoxic encephalopathy induced by cardiac arrest. These
2 cases, in both hospitals, who died from cardiac arrest had
been caused by drug administration. The conclusion was
that Kounis syndrome should be excluded when physicians
treat patients with anaphylaxis (78).

Recently, the food and drug administration (FDA)
Adverse Event Reporting System (2004-June 2016), a
consolidated pharmacovigilance source of monitoring
rare but serious adverse events such as Kounis syndrome
through disproportionality analysis (79) showed that: out of
499 spontaneous reports of drug-induced Kounis syndrome,
236 cases (47%) were suspectedly attributed to a single
drug. Overall, 30 drugs emerged with disproportionality
analysis, including non-steroidal anti-inflammatory drugs
[e.g., ibuprofen n=66; reporting odds ratio (ROR) =19.53;

DPOOEFODF JOUFSWBM $* r
amoxicillin (n=29; ROR =16.6; 95% CI, 11.4-24.2) also in
combination with clavulanate (n=45; ROR =198.42; 145.77—-
270.08), and anticancer drugs (fluorouracil: 10; ROR
=4.29; 95% CI, 2.29-8.02)lt is outlined that increased
awareness among clinicians of drug-induced Kounis
syndrome will allow early recognition, timely management,
and final inclusion in treatment guidelines of myocardial
infarction (80).

Variants

Three variants of Kounis syndrome have been

Ann Transl Med2018;6(17):332
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described (19). The type | variant (coronary spasm) (17)
constitutes a manifestation of endothelial dysfunction or
microvascular angina. This group includes patients with
normal, or nearly normal, coronary arteries, without
predisposing factors for coronary artery disease. In these
patients, acute release of inflammatory mediators can
induce either coronary artery spasm without cardiac
biomarkers, or coronary artery spasm progressing to acute
myocardial infarction with raised cardiac biomarkers and
troponins. The type Il variant (80,81) refers to patients with
quiescent pre-existing atheromatous disease, in whom the

Kounis et al. Kounis syndrome

secretes allergenic substances. Therefore, unlike scombroid
syndrome, anisakiasis is an IgE-mediated food allergy and
future abstention from eating raw or undercooked fish
or seafood is always required. In a recent report (89), a
75-year-old patient developed a type Il variant of Kounis
syndrome (stent thrombosis) following consumption of
Greek rice pudding made of sheep milk, rice and sugar.
The oral food challenge test revealed that the patient was
allergic to sheep milk. Recenthbranched-chain amino acid
supplements, used as energy sourceere reported to have
induced Kounis syndromein a 17-year-old boy(90).

BDVUF SFMFBTF PG JOOBNNBUPSZ NF E DBdddorSImRié®@f chedEiMds, Fhymdrdptera exposures,

coronary artery spasm with normal cardiac biomarkers
and troponins, or coronary artery spasm together with
plague erosion or rupture manifesting as acute myocardial
infarction. The type Il variant (82) includes patients with
coronary artery stent thrombosis (subtype a), in whom
aspirated thrombus specimens stained with hematoxylin-
eosin and Giemsa demonstrated the presence of eosinophils
and mast cells. Recently, a new subtype (subtype b) of
this variant has been discovered, that includes patients

climate and environmental conditions, pollen cross-
reactivities, inadequacy of preventative measures and gene-
environment interactions starting in early life constitute
several Kounis syndrome causetdeed, a patient who
had been admitted with chest pain to the emergency
department, hospitalized for coronary vasospasm, and
diagnosed with Kounis syndrome, was also diagnosed with
heterozygous E148Q mutation (91)It is anticipated that
with increased awareness of Kounis syndrome existence and

XJUI TUFOU SFTUFOPTJT EVF UP BM Mfarthét Wdh the éaBdudtiBiuod RiQe prospective trials, the

Both subtypes of variant Ill are also diagnosed in patients
with stent implantation who died suddenly. Histological
examination of the coronary intima or media and/or
adventitia adjacent to stent deployment in these patients,

true incidence will be determined.

Diagnosis

TIPXFE JOOMUSBUJPO CZ FPTJOPQIJMTIBICEE singptdnssTadd Bigné Mdgether with [aboratory,

Causality

Drugs, environmental exposures, foods, and other
conditions are the main triggers of Kounis syndrome.
The most recently identified offenders of food-induced
,PVOJT TZOESPNF BSF 0Tl TIFMMOoOTI
and canned food. Histamine fish poisoning (scombroid
syndrome), anisakiasis, caused by nematode parasite,
and kiwifruit (Actinidia chinensis) allergy consist several
characteristic causes of food-induced Kounis syndrome.
Scombroid syndrome or histamine fish poisoning
constitutes a histamine toxicity condition resulting from
the consumption of spoiled fish (87). Fish flesh contains
the amino acid histidine. When fish is infected by gram-
negative bacteria containing the enzyme histidine
decarboxylase, this enzyme converts histidine to histamine,
and further induces Kounis syndrome. Anisakiasis is another

electrocardiographic, echocardiographic, and angiographic
OOEJOHT
of suspicion is of paramount importance in the diagnosis of
Kounis syndrome. The newer diagnostic techniques such as
cardiac magnetic resonance imaging (MRI) and myocardial
scintigraphy can help confirming the diagnosis. Increased
deduvh Liryp&aSeY Bistamingy Edidrald Biahdkdrs and cardiac
troponins are particularly helpful findings. Measuring
cardiac troponins in all patients admitted to the emergency
department with acute allergic reactions, in order to timely
diagnose and appropriately manage a potential cardiac
injury manifesting as Kounis syndrome, has been suggested
(61). Thallium-201 single-photon emission computer
tomography (SPECT) and 1251-15-(p-iodophenyl)-3-
(R,S) methyl pentadecanoic acid (BMIPP) SPECT have
been used for investigating the type | variant of Kounis
syndrome. These revealed severe myocardial ischemia,
while coronary angiography showed normal coronary

DPOEJUJPO BTTPDJBUFE XJUI JOHFTU AfferesS(B. MR WitD Edfagdd Réhir&sEemhamced images

or seafood. It occurs when seafood is infested with anisakis
simplex (88), a common nematode parasitizing fish, that

© Annals of Translational Medicine. All rights reserved.
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demonstrated normal washout in the sub-endocardial lesion
area in patients with Kounis syndrome type | variant (93).

Ann Transl Med2018;6(17):332
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Conclusions

Differentiating myocardial tissue hypoperfusion caused
by systemic vasodilation, plasma leakage due to vascular
permeability leading to volume loss and reduced venous
return from primary myocardial tissue damage and
dysfunction due to coronary vasoconstriction and thrombosis
induced by released anaphylactic mediators’ action
(histamine, chymase, tryptase, cathepsin D, leukotrienes,
thromboxane, platelet activating factor), remains seemingly
challenging (94). In anaphylactic cardiovascular collapse,
myocardial involvement due to vasospasm-induced coronary
blood flow reduction manifesting as Kounis syndrome
should be always considered (95). Clinically, combined
treatment targeting the primary cause of anaphylaxis
together with protection of cardiac tissue seems to be
of paramount importance (96). More studies might be
useful determine the importance of anaphylaxis mediators
in myocardial pathobiology (97). Experimental studies
combining contemporary measurements of peripheral
arterial resistance and coronary blood flow with the newer
diagnostic techniques namely cardiac MRI and myocardial
scintigraphy, contributing further to the diagnosis and
pathophysiology elucidation of anaphylactic cardiovascular
collapse, are already in process.
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