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A B S TRACT   
Kounis Syndrome is defined as a hypersensitivity coronary disorder constituted by the association of an acute coro-
nary syndrome with a hypersensitivity, allergic, anaphylactic or anaphylactoid reaction, in a pathophysiologic context 
involving mast-cells, platelets, eosinophils and various interacting inflammatory cells. Currently, Kounis Syndrome is 
established in the literature, as accompanied by a plethora of clinical case reports that further elucidate its aspects. To the 
best of our knowledge, a specific analysis regarding the pediatric data of Kounis Syndrome has never been performed. 
The aim of this review was to reveal all the pediatric Kounis Syndrome cases in the literature, in an attempt to define its 
clinical implications in children. Moreover, based on the data of this analysis, a new classification for Kounis Syndrome is 
proposed, focusing mainly in the presence or the absence of allergic myocardial infarction, as the central clinical feature 
for the stratification of the patients’ clinical manifestations.
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Kounis Syndrome is defined as a coronary 
hypersensitivity disorder constituted by the 

association of an acute coronary syndrome with 
a hypersensitivity, allergic, anaphylactic or ana-
phylactoid reaction, in a pathophysiologic con-
text involving mast-cells, platelets, eosinophils 
and various interrelated and interacting inflam-
matory cells.1, 2 Mesenteric, peripheral and cere-
bral arteries might be involved as well in similar 
entities to Kounis Syndrome.3, 4

Three variants of Kounis Syndrome were 
described in the literature: type 1 referred as 
allergic vasospastic angina due to endothelial 

dysfunction constituting one of myocardial in-
farction with non-obstructive coronary arteries 
(MINOCA)5 causes, type 2 referred to allergic 
myocardial infarction and type 3 known as aller-
gic stent thrombosis with an occluding thrombus 
(subtype a) or stent restenosis (subtype b).1, 6

Cardiovascular disorders associated with ana-
phylactic, allergic, hypersensitivity, or anaphylac-
toid reactions were initially characterized as acute 
carditis,7 morphologic cardiac reactions or rheu-
matic carditis of unknown pathophysiology8 and 
were attributed to serum pathology.9 The allergic 
angina syndrome, as a coronary spasm represent-
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11 pediatric cases of Kounis Syndrome. Details 
from these cases were exported in a data sheet, 
summarized and carefully analyzed.

Pediatric Kounis Syndrome case reports

Kounis et al.20 described a case with the charac-
teristics of Kounis Syndrome in a 12 years-old 
boy with ulcerative colitis who developed severe 
chest pain after oral administration of 5-amino-
salicylic acid. During the pain there were no dy-
namic ischemic changes except inverted T-waves 
in the lateral chest leads. Cardiac enzymes, tro-
ponins, C-reative protein (CRP) and brain natri-
uretic peptide (BNP) were normal.

Biteker et al.21 reported a case of Kounis Syn-
drome in a 13-year-old previously healthy boy. 
He developed a mild pruritic skin rash and tho-
racic pain started 10 minutes after the ingestion 
of an oral dose of amoxicillin/clavulanic acid. 
His electrocardiogram demonstrated an acute in-
ferior/lateral myocardial infarction (ST elevation 
in II, III, aVF, V4, V5 and V6 leads), and infe-
rior wall hypokinesia was reported on echocar-
diogram. Blood levels of troponin I (2.1 ng/mL), 
creatine kinase-muscle/brain (CK-MB, 30 IU/L) 
and serum tryptase (31 μg/L; n.v. 5.6-13.5 μg/L) 
were increased, with normal total serum immu-
noglobulin E (IgE) and negative serum amoxicil-
lin-specific IgE. Coronary angiography revealed 
normal coronary arteries. He was treated with 
antihistamines and prednisolone for 5 days with 

ing a manifestation of endothelial dysfunction or 
microvascular angina leading to allergic acute 
myocardial infarction, was described about 30 
years ago10 and in 2005 was named by American 
researchers as the Kounis Syndrome.11 In 1950, 
Pfister et al.12 reported for the first time a case of a 
49-year-old male patient with myocardial infarc-
tion and urticaria post treatment with penicillin. 
Kounis et al.10 described the full concept of the 
pathophysiology underlying vasospastic angina 
and myocardial infarction correlated to an aller-
gic reaction in 1991. Braunwald et al.13 classified 
allergic angina as a dynamic coronary occlusion 
condition, mediated by a vasospastic mechanism. 
Kounis et al. published the first comprehensive 
review on the syndrome in 2006.14 Biteker et al.15 
published for the first time a pediatric case series 
in 2009.

Since these first steps, awareness of this syn-
drome increased worldwide, as demonstrated 
the escalation of epidemiological study pub-
lished.16-19 Abdelghany et al.2 recently reviewed 
all the Kounis Syndrome cases in published pa-
pers so far. However, to the best of our knowl-
edge, a specific analysis on pediatric data was 
never performed.

Data sources and search strategies

A systematic literature search was performed 
in Medline through Pubmed. We used default 
search keywords connected to pediatric Kounis 
Syndrome. Case reports, original studies and 
review articles in English were identified up to 
May 15, 2020. No additional databases’ filters 
were used. The result of the databases search and 
the following article selection is shown (Figure 
1). After removing duplicate publications, 28 
total papers were identified. A further screening 
was performed basing on articles’ titles, abstracts 
or full-texts to identify all the cases of pediat-
ric Kounis Syndrome. Publications with dupli-
cated cases were excluded. As a result, 8 papers 
were eligible for the inclusion. To deepen our 
search, a reference lists screening of the articles 
was performed, and another eligible paper was 
found and included. At the end of the process, 
that was carried out by three researchers (MG, 
AA and LS), 9 papers were selected, reporting 

Figure 1.—Flow-chart reporting the research process.
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lateral acute myocardial infarction with eleva-
tion of ST segment in II, III, AVF, V5 and V6 
leads, while transthoracic echocardiogram and 
coronary angiography were normal. On blood 
examinations there were increased levels of tro-
ponin I (1.1 ng/mL), CK-MB (42 IU/L), serum 
tryptase (33 μg/L) and total IgE (321 IU/mL). 
The patient was treated with oral antihistamines 
and prednisolone with complete recovery. Intra-
dermal skin test with wasp venom performed on 
the volar side of the forearm of the patient was 
considered positive.

Parent et al.23 described Kounis Syndrome in 
a 2-year-old boy during surgical repair of atrial 
septal defect with autologous pericardium. Fre-
quent atopic clinical manifestations were repost-
ed in his previously medical history, including 
eczema and hives as a reaction to certain foods 
and “emotional stress.” Cefazolin, midazolam, 
fentanyl, rocuronium and then continuous in-
haled isoflurane were administered pre-opera-
tively. Afterwards, 4-6 hours post cardiopulmo-
nary bypass, the patient developed desaturation 
with increased oxygen requirements due to pul-
monary edema, along with diffuse ST segment 
depression on 12-lead electrocardiogram and in-
creased levels of troponin I (18.3 ng/mL). Given 
the deterioration of cardiorespiratory status, re-
intubation along with additional administration 
of rocuronium and fentanyl was performed. In 
acute phase, an echocardiogram demonstrated 
moderate decrease of the biventricular systolic 
function. The patient developed significant ST 
segment elevation, hypotension, severe brady-
cardia necessitating cardiopulmonary resuscita-
tion, pulmonary edema, before coronary angiog-
raphy. Afterwards, return of spontaneous circu-
lation was achieved and coronary angiography 
was performed on extra corporeal membrane 
oxygenation (ECMO) support, that revealed a 
diffuse and significantly decreased dimensions 
of right and left coronary artery systems, without 
apparent response to nitroglycerin. Thus, the first 
diagnostic hypothesis was coronary congenital 
hypoplasia. After 3 days, ECMO was switched 
to biventricular assist device (BiVAD). Extracar-
diac complications such as anuric renal failure 
requiring hemodialysis, compartment syndrome 
of his right calf, bilateral watershed cerebral in-

normalization of cardiac markers and resolution 
of electrocardiographic abnormalities.

The same group published a paper in 2009,22 
in which they described the latter boy in addition 
to other 3 Kounis Syndrome cases.

The first patient was a 9-year-old previously 
healthy girl. She was stung several times by hon-
eybees on the head and neck and then she devel-
oped an erythematous rash over the face, neck, 
and arms and chest pain radiated to the neck. 
Electrocardiogram revealed inferior acute myo-
cardial infarction (elevation of ST segment in II, 
III, aVF, V5 and V6 leads), while echocardio-
gram demonstrated a hypokinesia of the inferior 
wall and a mildly impaired left ventricular func-
tion with ejection fraction of 50%. The blood 
samples showed increased levels of troponin I 
(4.3 ng/mL), CK-MB (342 IU/L), serum tryptase 
(45 μg/L, n.v. 5.6-13.5 μg/L) and total IgE (190 
IU/mL, n.v. 0-100 IU/mL). The coronary angiog-
raphy was normal. The patient was treated with 
oral antihistamines and prednisolone with sub-
sequent resolution of electrocardiographic and 
echocardiographic alterations and normalization 
of serum markers. Intradermal skin test with bee 
venom performed on the volar side of the fore-
arm of the patient was considered positive.

The second case was referred to an 11-year-
old previously healthy boy, who developed chest 
pain, palpitations and pruritus few minutes after 
the oral ingestion of amoxicillin/clavulanic acid. 
Electrocardiogram and echocardiogram revealed 
anterior acute myocardial infarction, with eleva-
tion of ST segment in V2 and V5 and anterior 
wall hypokinesia, respectively. The coronary an-
giogram was completely normal. Troponin I, CK-
MB, total IgE and tryptase levels were increased 
(5.0 ng/mL, 780 U/L, 780 U/mL and 42 μg/L, 
respectively) and serum amoxicillin-specific IgE 
were positive. The patient received a treatment 
with corticosteroids, ketotifen and histamine H2 
receptor antagonists with resolution of all patho-
logical findings in few days, without any other 
complication.

The last patient was a 10-year-old previously 
healthy boy, who developed chest pain and pru-
ritic erythematous rash immediately after being 
stung by wasps on his head and forearms. His 
electrocardiogram was compatible with inferior/
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sodilators such as nitroglycerine and morphine. 
Electrocardiogram revealed sinus tachycardia 
and ST segment depression in inferolateral leads 
(II, III, aVF, I, aVL, and V3-V6). Echocardio-
gram showed mildly dilated left ventricle with 
global hypokinesia and ejection fraction of 
22%, a pulmonary artery systolic pressure of 35 
mmHg and pericardial fluid in the area near to 
the right ventricle. Laboratory results revealed 
increased levels of troponin I (1.8 ng/mL, n.v. 
<0.04 ng/mL) and CK-MB (83 ng/mL, n.v. <5 
ng/mL). After the second hospitalization day, op-
timal medical treatment for chronic heart failure 
was initiated. During the fourth day of treatment, 
urticaria like pruritic lesions were noticed in both 
gluteal regions. The patient was discharged with 
ACE-inhibitor and beta-blocker treatment, that 
was stopped after 3 months because of normal-
izations of all echocardiographic findings.

Terlemez et al.26 described Kounis Syndrome 
in a 14 years-old boy with a previous clinical 
history of allergic rhinitis. In his familial his-
tory, trimethoprim/sulfamethoxazole and bee 
sting allergy were reported (mother and grand-
father, respectively). He presented severe chest 
pain, shortness of breath and an erythematous 
widespread rash in the upper area of the neck 
and body 6 hours post the intravenous admin-
istration of the second metronidazole dose, that 
was prescribed together with trimethoprim/sul-
famethoxazole for watery diarrhea. When elec-
trocardiogram was performed, it showed ST seg-
ment elevation in the inferior leads (II, III and 
aVF). Laboratory tests revealed increased levels 
of troponin I (18.05 ng/mL) and CK-MB (36 ng/
mL). Data on serum tryptase were not available. 
A treatment with morphine, nitroglycerine, calci-
um channel blocker and salicylic acid was start-
ed, with immediate disappearance of the clinical 
manifestations. Coronary angiography was nor-
mal. Therapy with calcium channel blocker and 
aspirin, administered at antiaggregant dose, was 
continued for 2 months without any additional 
complication.

Castellano-Martinez et al.27 described a 
10-year-old boy with a possible diagnosis Kou-
nis Syndrome, post an intravenous bolus of atro-
pine administration before an upper endoscopy 
in the context of chronic abdominal pain inves-

farcts associated with seizure activity and acute 
respiratory distress syndrome requiring mechan-
ical ventilation occurred during his hospitaliza-
tion. One month after recovery, echocardiogram 
and coronary angiography were performed and 
showed normal systolic biventricular function 
and normal right and left coronary artery with-
out significant stenosis, respectively. The child 
was taken back to the operating room for BiVAD 
removal and, despite the preemptive periopera-
tive nitroglycerin infusion, again developed ST 
changes on electrocardiography (ECG). Labora-
tory tests demonstrated further increased levels 
of troponin I (2.5 ng/mL), serum tryptase (10 
ng/mL, n.v. <1 ng/mL) and serum total IgE (152 
IU/mL, n.v. <60 IU/mL), while histamine lev-
els were normal. At this time Kounis Syndrome 
was suspected, and the patient started a treat-
ment with antihistamines and mast-cell stabiliz-
ers. From the review of the procedures, it was 
highlighted how both isoflurane and rocuronium 
were used for every anesthesia, that could have 
been the triggers of the reaction.

İlhan et al.24 described a 16-year-old previ-
ously healthy boy with the diagnosis of Kounis 
Syndrome. He developed chest pain immediate-
ly post oral ingestion of amoxicillin/clavulanic 
acid along with typical inferolateral ischemia on 
12-lead electrocardiogram performed during the 
chest pain (T-wave inversion in III and aVF leads 
and ST segment elevation on I, II, III, aVF, V5 
and V6 leads). No data are available about labo-
ratory tests carried out. Echocardiogram and cor-
onary angiography did not show abnormalities. 
Initially, a myocarditis diagnosis was considered 
but finally Kounis Syndrome was identified dur-
ing the follow-up and it was recommended to the 
patient to strictly avoid the use of beta-lactam 
antibiotics in the future.

Yaman et al.25 described a Kounis Syndrome 
in a 15-year-old previously healthy boy. He was 
bitten by a black widow spider on the right side 
of the neck and post 5-6 hours from the bite, he 
developed acute respiratory distress and general-
ized pain. A S3 cardiac sound was present on car-
diac examination along with bilateral fine crack-
les up to upper zones on respiratory examination. 
The patient was admitted to the intensive care 
unit and he was treated with diuretics, and va-
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antihistamines, desloratadine for 2 weeks, and 
steroids, prednisolone for 5 days, with excellent 
recovery of his clinical manifestations.

Results

In this review all the pediatric Kounis Syndrome 
cases reported in the literature, specifically 11, 
were presented (Table I, II, III).20-28

Male was the mostly prevalent gender in 10/11 
patients (90.9%). The median age of the patients 
was 12.0 years, ranging from 2.0 to 17.0 years.

In 4/11 patients (36.4%) of the patients it was 
possible to identify other significant medical 
conditions in the past medical history, such as 
ulcerative colitis, atrial septal defect and atopy, 
preexistent allergic rhinitis and chronic abdomi-
nal pain in the context of cholesteatoma. Notably, 
in 2/11 patients (18.2%) there was a concomitant 
atopic disease or atopy.

Regarding the trigger of the reaction, drugs 
were identified as the main factors (7/11 patients, 
63.6%) followed by stings/bites (3/11 patients, 
27.3%) and foods (1/11 patients, 9.1%). Among 
drugs, antibiotics were recognized as the leading 
triggers (4/7 patients, 57.1%): amoxicillin/clavu-
lanic acid in 3/4 patients (75.0%) and metroni-
dazole in another patient (1/4 patients, 25.0%). 
Non antibiotic agents were described as well as 
mesalamine (1/7 patients, 14.3%), atropine (1/7 
patients, 14.3%) and rocuronium, isoflurane (1/7 
patients, 14.3%). Among stings/bites, honeybee 
stings (1/3 patients, 33.3%), wasp stings (1/3 pa-
tients, 33.3%) and black widow spider bites (1/3 
patients, 33.3%) were found as triggers. Among 

tigation. Immediately after that, he became pale, 
hypotensive and sweaty. He had received a previ-
ous well-tolerated atropine infusion during anes-
thetic induction for cholesteatoma surgical resec-
tion 2 years before. ECG-monitor showed severe 
bradycardia with ventricular escape rhythm, that 
resolved spontaneously in 30 seconds. After the 
resumption of spontaneous circulation, a 12-lead 
electrocardiogram was performed and revealed 
ischemic changes in the inferior wall, with ST 
segment depression and inverted T-wave in II, III 
and aVF. Blood examinations showed increased 
levels of troponin I (0.29 ng/mL). A 24-hours 
Holter-ECG, ergometry, transthoracic echocar-
diogram, cardiac angiomagnetic resonance im-
aging and angiocomputed tomography were fur-
ther performed with normal results.

Dogan28 described a case of Kounis Syndrome 
in a 17-years-old previously healthy boy, occurred 
30 minutes after oral ingestion of branched-chain 
amino acid supplement for muscle growth. The 
patient developed pruritus, facial rash, palpi-
tations and chest pain. His electrocardiogram 
performed on admission to the hospital showed 
ST wave elevation on inferolateral leads (II, III, 
AVF, V4, V5 and V6). Transthoracic echocardio-
gram showed inferior wall hypokinesia, while 
his coronary arteriography was normal. Labora-
tory tests revealed increased troponin I (3.3 ng/
mL; n.v. 0.01 ng/mL) and CK-MB (45 IU/L, n.v. 
0-25 IU/L), while total IgE were mildly increased 
(156 IU/L, n.v 0-100 IU/L). Serum tryptase was 
measured as well (51 μg/L) and other laboratory 
tests such as BNP, complete blood count, choles-
terol levels, infectious and coagulation workup 
were normal. The patient was treated with oral 

Table I.—����Sex, age, past medical history and triggers of the reported pediatric patients with Kounis Syndrome.

References Sex Age (years) Past medical history Triggers

Kounis et al. 200820 M 12 Ulcerative colitis Mesalamine
Biteker et al. 200921 M 13 Healthy Amoxicillin clavulanate
Biteker et al. 200922 F 9 Healthy Honeybee sting
Biteker et al. 200922 M 11 Healthy Amoxicillin clavulanate
Biteker et al. 200922 M 10 Healthy Wasp sting
Parent et al. 201123 M 2 Atrial septal defect, atopy Rocuronium, isoflurane
İlhan et al. 201324 M 16 Healthy Amoxicillin clavulanate
Yaman et al. 201525 M 15 Healthy Black widow spider bite
Terlemez et al. 201526 M 14 Allergic rhinitis Metronidazole
Castellano-Martinez et al. 201827 M 10 Cholesteatoma, chronic abdominal pain Atropine
Dogan 201828 M 17 Healthy Branched-chain amino acid 

supplement
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symptoms compatible with an allergic reaction 
were found in 7/11 patients (63.6%).

From the diagnostic point of view, ECG ab-
normalities were described in 11/11 patients 
(100.0%). Among them, ST segment and T wave 
changes constituted the most common electro-
cardiographic alterations, including ST elevation 
in 7/11 patients (63.6%), ST depression in 2/11 
patients (18.2%), ST elevation followed by de-
pression in a patient (9.1%) and inverted T waves 
in another one (9.1%). There was no information 
about the territory of ischemia based on electro-

foods, branched-chain amino acid supplement 
for muscle growth was reported (1/1 patient, 
100.0%) (Table I).20-28

The time span between the exposure to the 
trigger and Kounis Syndrome initiation was not 
clearly described in 2/11 patients (18.2%). In the 
remaining patients, the clinical manifestations 
developed either early, less than 30 minutes in 
6/9 (66.7%) patients, or later, 4-6 hours from the 
exposure to the trigger in 3/9 (33.3%) cases.

Regarding clinical manifestations, chest pain 
was recorded in 9/11 patients (81.8%). Signs and 

Table II.—����Cardiologic workup performed on reported pediatric patients with Kounis Syndrome, their cardiovascu-
lar involvement and complications.

References Troponin I CK-MB ST Echocardiography Coronary angiography Allergic myocardial 
infarction/complications

Kounis et al. 
200820

Normal Unknown Inverted T 
waves (lateral 
leads)

Unknown Unknown Unknown

Biteker et al. 
200921

2.1 ng/mL 30 IU/L Elevation 
(inferior 
leads)

Abnormal Normal Allergic myocardial 
infarction

Biteker et al. 
200922

4.3 ng/mL 342 IU/L Elevation 
(inferior 
leads)

Abnormal Normal Allergic myocardial 
infarction

Biteker et al. 
200922

5.0 ng/mL 780 IU/L Elevation 
(anterior 
leads)

Abnormal Normal Allergic myocardial 
infarction

Biteker et al. 
200922

1.1 ng/mL 42 IU/L Elevation 
(inferolateral 
leads)

Normal Normal Allergic myocardial 
infarction

Parent et al. 
201123

18.3 ng/
mL, then 
2.5 ng/
mL

Unknown First elevation, 
then 
depression

Abnormal First coronary 
angiography: diffuse 
small dimension 
of right and left 
coronary arteries; 
after one month: 
normal coronary 
angiography

Allergic myocardial 
infarction, severe 
bradycardia necessitating 
cardiopulmonary 
resuscitation, pulmonary 
edema

İlhan et al. 
201324

Unknown Unknown Elevation 
(inferolateral 
leads)

Normal Normal Unknown

Yaman et al. 
201525

1.8 ng/
mL (n.v. 
<0.04 ng/
mL)

83 ng/mL 
(n.v. <5 
ng/mL) 

Depression 
(inferolateral 
leads)

Abnormal Unknown Allergic myocardial 
infarction, acute heart 
failure, pulmonary 
edema

Terlemez et 
al. 201526

18.05 ng/
mL

36 ng/mL Elevation 
(inferior 
leads)

Unknown Normal Allergic myocardial 
infarction

Castellano-
Martinez  
et al. 201827

0.29 ng/
mL

Unknown Depression 
(inferior 
leads)

Normal Unknown Allergic myocardial 
infarction

Dogan 201828 3.3 ng/mL 
(n.v  
0.01 ng/
mL)

45 IU/L 
(n.v. 0-25 
IU/L)

Elevation 
(inferolateral 
leads)

Abnormal Normal Allergic myocardial 
infarction
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Allergic myocardial infarction was evident in 
9/11 patients (81.8%). Severe cardiac complica-
tions were demonstrated in 2/9 patients (22.2%): 
among these, 2/2 patients (100.0%) presented 
acute heart failure with pulmonary edema, with 
one of them with severe bradycardia necessitat-
ing cardiopulmonary resuscitation (Table II).20-28

There was no specific reference to allergic di-
agnostic workup in 5/11 patients (45.5%). In the 
remaining patients, serum total IgE levels were 
measured and among the patients with amoxicil-
lin/clavulanic acid induced anaphylaxis, in 2/3 
patients (66.7%) serum specific IgE to amoxicil-
lin were performed, and in 1/2 patients (50.0%) 
proved to be positive. Among patients with 
stings/bites, intradermal skin test with specific 
venom was performed on the volar side of the 
forearm of 2/3 patients (66.7%) and it was con-
sidered positive because longest wheal diameter 
resulted greater than 5 mm after 15 minutes in all 
patients (2/2, 100.0%) (Table III).20-28

There were no treatment data available in 
3/11 patients (27.3%). In the remaining patients, 
6/8 (75.0%) received a treatment with antihis-
tamines. Among these, 5/6 patients (83.3%) re-
ceived a combined treatment with corticosteroids 
and 1/6 patients (16.7%) was treated with mast-
cell stabilizers. In the remaining patients, 2/8 
(25.0%) were treated with cardiovascular drugs 
such as vasodilators, ACE-inhibitors, beta block-
ers, calcium-channel blockers, diuretics and as-
pirin as well as morphine.

graphic alterations in 1/11 patients (9.1%) In the 
remaining patients inferolateral, inferior, ante-
rior and lateral leads have been involved in 4/10 
(40.0%), 4/10 (40.0%), 1/10 (10.0%) and 1/10 
(10.0%) of the patients, respectively.

There were no echocardiographic data avail-
able in 2/11 patients (18.2%). In the remaining 
patients, abnormal echocardiogram was reported 
in 6/9 patients (66.7%). In 4/6 patients (66.7%) 
with echocardiographic abnormalities, the area 
of ECG abnormalities matched with the area of 
the impaired wall motility. In the remaining cas-
es, in 1/6 patients (16.7%) it was found a mod-
erately decreased systolic biventricular function 
and in 1/6 patients (16.7%) a global left ventricu-
lar hypokinesia was reported.

No coronary angiography data were available 
in 3/11 patients (27.3%). In the remaining cases, 
either normal coronaries were present in 7/8 pa-
tients (87.5%) whereas in 1/8 patients (12.5%) 
diffuse, small caliber coronary arteries were de-
scribed, followed by their normalization after 
one-month follow-up.

Laboratory workup was carried out in all but 
1/11 patients (9.1%). Serum troponin I was the 
most requested test (9/11 patients, 81.8%; with 
a median value of 3.3 ng/mL, ranging from 0.3-
18.3 ng/mL), followed by serum CK-MB (7/11 
patients, 63.6%; 5/11 patients, 45.5%, measured 
as IU/L, with a median value of 45 IU/L, ranging 
from 30 to 780 IU/L) and serum tryptase (6/11 
patients, 54.5%; with a median value of 37.5 
μg/L, ranging from 10.0 to 51.0 μg/L).

Table III.—����Allergological workup performed on reported pediatric patients with Kounis Syndrome.

References Serum tryptase Allergological diagnostic workup

Kounis et al. 200820 Unknown Unknown
Biteker et al. 200921 31 mcg/L (n.v. 5.6 – 13.5 mcg/L) IgE 45 IU/mL (n.v. 0-100 IU/mL), IgE anti-amoxicillin 

negative
Biteker et al. 200922 45 mcg/L (n.v. 5.6 – 13.5 mcg/L) IgE 190 IU/mL (n.v. 0-100 IU/mL), intradermal skin test 

with bee venom positive
Biteker et al. 200922 42 mcg/L IgE 780 IU/mL (n.v. 0-100 IU/mL), IgE anti-amoxicillin 

positive
Biteker et al. 200922 33 mcg/L IgE 321 IU/mL (n.v. 0-100 IU/mL), intradermal skin test 

with wasp venom positive
Parent et al. 201123 10 ng/mL (n.v. <1 ng/mL) IgE 152 IU/ml (n.v. <60 IU/mL)
İlhan et al. 201324 Unknown Unknown
Yaman et al. 201525 Unknown Unknown
Terlemez et al. 201526 Unknown Unknown
Castellano-Martinez et al. 201827 Unknown Unknown
Dogan 201828 51 mcg/L IgE 156 IU/L (n.v. 0-100 IU/L)
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from some isolated cases, the prognosis seems 
favorable, even if an intensive treatment in the 
acute phase may be necessary. Regarding labo-
ratory workup, serum troponin I, followed by 
serum CK-MB and serum tryptase were mainly 
requested. No specific diagnostic allergic work-
up was performed in most cases, while there was 
not standardized in others, rendering unclear its 
clinical meaning. Antihistamines were the most 
used drugs.

A balanced approach for the management 
of both the allergic reaction and cardiovascu-
lar involvement in pediatric Kounis Syndrome 
appears difficult to obtain. In fact, most of the 
strategies proposed in the literature in the area 
are based on a few case reports. For this reason, 
randomized clinical trials are urgently needed 
to increase concerning the appropriate standard 
management of this clinical entity. Furthermore, 
a deeper knowledge of molecular mechanisms 
underlying Kounis Syndrome appears to be of 
critical importance, together with the develop-
ment of novel tests for its diagnosis. Data fo-
cused on the allergological workup in Kounis 
Syndrome are lacking. However, the latter and 
a joint cardiological workup seem of critical 
importance to evaluate the patient’s cardiac 
structural and functional status, cardiovascular 
risk factors as well as the potential triggers of 
the allergic reaction, in order to prevent Kounis 
Syndrome events in the pediatric population.29

Conclusions

Three variants of Kounis Syndrome were de-
scribed in the literature: type 1 referred to al-
lergic vasospastic angina due to endothelial 
dysfunction5 causes, type 2 referred to allergic 
myocardial infarction and type 3 known as al-
lergic stent thrombosis with an occluding throm-
bus (subtype a) or stent restenosis (subtype b).1, 6 

Discussion

Kounis Syndrome is considered a rare clinical 
entity, especially in pediatrics. However, even 
if the number of case reports across the world 
is quickly rising, it still rarely diagnosed and 
still underestimated.16-19 Southern Europe, par-
ticularly Spain, Italy, Greece, Turkey, are the 
countries where Kounis Syndrome has mostly 
been encountered. We suppose that climate 
and environmental conditions, pollen cross re-
actions, Hymenoptera exposures, snake bites, 
overconsumption of medicines, or inadequacy 
of preventive measures and increased aware-
ness among physicians about the existence of 
Kounis Syndrome are some factors that possibly 
contribute to this variation. To the best of our 
knowledge, our review is the first that tried to 
elucidate Kounis Syndrome clinical aspects in 
children, further revealing some specific charac-
teristics.

Kounis Syndrome presents more commonly 
in male children with age of 12 years old, in the 
absence of concomitant atopic disease or atopy. 
Drugs were acknowledged as the most frequent 
trigger, especially antibiotics and specifically 
amoxicillin/clavulanic acid. In the majority of 
patients, the clinical signs and symptoms were 
acute, in less than 30 minutes, manifesting most 
commonly as chest pain and signs/symptoms 
compatible with an allergic reaction. From the 
electrocardiographic point of view, ST-T chang-
es were reported as the most frequent altera-
tions, especially the ST elevation. The patients 
most frequently demonstrated abnormal echo-
cardiogram and allergic myocardial infarction, 
while coronary angiography was negative in all 
but one of the patients, presenting a decreased 
dimension of left and right coronary system and 
the most severe complications. Despite the lack 
of data regarding long-term outcomes, except 

Table IV.—����Proposal for a novel classification for pediatric Kounis Syndrome.

KS Angiographic classification Clinical classification

Type 1 Patients with normal or nearly normal coronary artery With/without allergic myocardial infarction
Type 2 Patients with pre-existing atheromatous disease With/without allergic myocardial infarction
Type 3 Patients with allergic stent thrombosis with an occluding thrombus 

(subtype a) or stent restenosis (subtype b)
With/without allergic myocardial infarction

Type 4 Patients with coronary grafts With/without allergic myocardial infarction
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Moreover, the latter new clinical classification 
may represent an useful resource to simplify the 
understanding of Kounis Syndrome across all 
ages, especially before the performance of cor-
onarography.
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