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ABSTRACT

Kounis syndrome (KS) is an acute coronary syndrome that occurs with allergic, hypersensitivity,
anaphylactic, or anaphylactoid reactions associated with mast cell activation, and entails significant morbid-
ity and mortality risks. We present four cases of acute coronary syndrome developing after insect bites,
chemotherapy, and coronary stent implantation. Two patients were lost due to anaphylactic shock-related
multiorgan failures and sudden cardiac death. Since a wide range of drugs, foods, environmental conditions,
and disease states may be associated with KS, all physicians must be aware of the syndrome.
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INTRODUCTION

Kounis syndrome (KS) is the presentation of acute coronary syndromes, such as coronary
spasm, acute myocardial infarction, and stent thrombosis associated with mast cell activation
deriving from allergic, hypersensitivity, anaphylactic, or anaphylactoid reactions. Inflammatory
cytokines released through mast cell activation lead to coronary artery vasospasm and/or athero-
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matous plaque erosion/rupture concluding in acute coronary syndrome.'? Numerous conditions,
including environmental factors, foods, clinical states, and drugs can trigger KS."*> Chest pain,
ST/T segment changes at electrocardiography (ECG), arrhythmias, and elevated cardiac enzymes
are the principal manifestations.'? Patients become hemodynamically unstable in severe, potentially
fatal, cases. Three types of KS have been defined to date.! Type I involves coronary vasospasm in
the setting of normal or nearly normal coronary arteries, while type II is encountered in patients
with underlying inactive coronary artery diseases in whom allergic insults lead to coronary artery
vasospasm with normal cardiac enzymes, or plug erosion/rupture leading to acute myocardial
infarctions. Type III involves stent thrombosis due to hypersensitivity reaction. We report four
cases of KS including all three types, and in which all patients were followed-up in a medical
intensive care unit (ICU).

CASE REPORT

Case 1

A 44-year-old woman with a history of epilepsy was originally admitted to a public hospital
emergency department following a wasp sting, and was discharged home after medical therapy.
The patient was readmitted to the hospital 12 hours subsequently with symptoms of dyspnea and
chest pain. Her blood pressure on arrival was 85/44 mm Hg, respiratory rate 24/min, temperature
37.8°C, and heart rate 113/min. ECG revealed ST elevation in the V1 and aVR, QS in the D
II, and ST depression in the V3-6, aVF, DI and DII leads (Fig. la), with a troponin I level
of 9.99 ng/mL. Due to the presence of deep metabolic acidosis with hemodynamic instability
(pH, 6.918; HCO3, 10 mEq/L; lactate, 11.46 mmol/L), the patient was intubated and transferred
to the cardiology department for coronary angiography (CAG) with the support of noradrenalin
and dopamine infusion. The patient experienced a ventricular fibrillation attack during CAG and
was defibrillated. CAG was normal except for circumflex exit anomaly and global hypokinesis
with an ejection fraction (EF) of 50%. The patient was admitted to the ICU with hypotension
and high-dose noradrenalin infusion (1.5 pg/kg/min) requirement. Control troponin I and creatine
kinase-MB on arrival at the ICU were 14.23 ng/mL (normal range, 0-0.16 ng/mL) and 104
IU/L (normal range, 0-24 IU/L), respectively. The vasopressor was stopped after 8 hours, and
the patient was extubated 18 hours after ICU admission. ECG revealed minimal ST depression
in the V4 and inferior leads (Fig. 1b), and her troponin I level decreased to 2.32 ng/mL on the
second day. Her EF increased to 60% with good global cardiac functions on day 3. The patient
was discharged home on day 5. Pheniramine, ranitidine, and ivabradine (for sinus tachycardia)
therapy was administered in the ICU.
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Fig. 1 ECG in Case 1
Fig. 1a: Initial electrocardiogram showing ST elevation in the V1 and aVR, QS in the DIII, and marked ST
depression in the V3-6, aVF, DI and DII leads with a sinus rhythm of 150/minute.
Fig. 1b: Repeated ECG showing resolution of ST elevations and QS changes and minimal ST depression in
the V3-4 and inferior leads with a sinus rhythm of 125/minute. The patient benefited from ivabradine
therapy for sinus tachycardia.

Case 2

A 44-year-old woman with a history of peripheral neuropathy was admitted to the emergency
department with symptoms of fatigue, myalgia, abdominal pain, rash, and periorbital edema after
a brown spider bite. Her vital signs were normal, while her admission creatine kinase-MB and
troponin I levels were mildly elevated, but ECG was normal. She was hospitalized to the ward
for observation. The patient experienced chest pain 10 hours after hospital admission. Control
ECG showed ST depression in the V2-6 and lateral leads (Fig. 2a). Serial troponin I measure-
ment revealed marked elevation from 0.32 ng/mL to 6.76 ng/mL. Transthoracic echocardiography
(TTE) revealed anteroseptal and midbasal hypokinesis with an EF of 50%. CAG was normal
except for 20% stenosis due to a plaque in the proximal parts of the left anterior descending
artery and the right coronary artery. The patient was followed-up in the ICU due to the ongoing
chest pain, and nitroglycerin infusion was initiated. The chest pain resolved within 24 hours with
normalization of ECG (Fig. 2b), and the myalgia and abdominal pain resolved after 48 hours.
The patient was discharged home on day 4. Pheniramine, ranitidine, methylprednisolone, and
nitroglycerin therapy was administered in the ICU.
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Fig. 2 ECG in Case 2
Fig. 2a: Initial ECG showing ST depression in the V2-6 and lateral leads with the sinus rhythm.
Fig. 2b: Control ECG showing the resolution of ST changes.

Case 3

A 66-year-old man with RAS wild-type metastatic colon cancer was receiving maintenance
therapy consisting of FOLFOX (oxaliplatin leukovorin, 5-fluorouracil) plus panitumumab and
achieving partial regression under this regimen. Headache, nausea, and vomiting occurred just
10 minutes after the beginning of oxaliplatin infusion (his 40th dose of oxaliplatin) during 20/2
FOLFOX plus panitumumab chemotherapy. The chemotherapy was stopped. The patient’s body
temperature was 38.5°C, and diphenhydramine, dexamethasone, and ondansetron therapy was
promptly administered. The patient then became hypotensive. ECG showed ST elevation in the
VI1-2 and aVR, and ST depression in the V3-6, DI and inferior leads (Fig. 3a). Acetylsalicylic
acid, heparin and ticagrelor were ordered on the ward. Serial troponin I measurements revealed
marked elevation from 1.85 to 9.39 ng/ml, with normal renal and liver function tests. CAG was
performed following hemodynamic stabilization with fluid and noradrenalin. This revealed the
non-critical left anterior descending artery and right coronary artery stenosis (20-30%) and a
moderate mid left circumflex artery stenosis (50-70%). Functional assessment with functional
flow reserve was planned, since the lesion was thought to be a stable plaque. TTE showed
moderate mitral and tricuspid regurgitation and increased pulmonary artery pressures (65 mm
Hg) with an EF of 60%. A computed tomography scan of chest with contrast medium ruled out
pulmonary embolism, aortic dissection, and pneumonia. Control arterial blood gas study revealed
deep metabolic acidosis (pH, 7.199; PCO,, 29 mm Hg; HCO;, 9 mEq/L; lactate, 13.5 mmol/L),
and tachypnea developed during the ward follow-up. The patient was intubated and then admitted
to the ICU. On arrival at the ICU, he was anuric, on noradrenalin infusion (1.2 pg/kg/min),
and with a Glasgow coma score of 6. Control ECG revealed QS in the V1-2 and minimal ST
depression in the V4-6, DII and AVF leads (Fig. 3b). Control troponin I, creatine kinase-MB,
international normalized ratio, creatinine, aspartate aminotransferase, alanine transaminase and
lactate levels on the day of admission to the ICU were >25 ng/mL, 177 IU/L, 3.03, 2.72 mg/dL,
4228 TU/L, 9250 TU/L, and 16.5 mmol/L, respectively. The patient died three days later due to
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multiorgan failures. All cultures taken in the ward and ICU were negative. The patient received
piperacillin-tazobactam (empirically started), methylprednisolone, diphenhydramine, ranitidine,
acetylsalicylic acid, enoxaparin, and ticagrelor therapy in the ICU.

Fig. 3 ECG in Case 3
Fig. 3a: Initial ECG showing ST elevation in the V1-2 and aVR, ST depression in the V3-6, DI-III and aVF,
and T inversion in the aVL leads.
Fig. 3b: Control ECG showing QS in the V1-2 and minimal ST depression in V4-6, DII and AVF leads.

Case 4

A 46-year-old man with a 75-pack-year smoking history was brought to the emergency
department after 15 minutes of cardiopulmonary resuscitation and three defibrillations in his
workplace. The patient was taken to the angiography laboratory with a diagnosis of hyperacute
anterior myocardial infarction (Fig. 4a). A 3.5 x 15 mm bare metal stent was implanted to the
proximal part of the totally occluded left anterior descending artery after appropriate predilatation.
TTE showed anteroseptal hypokinesis with an EF of 50%. The patient was then transferred
to the ICU with a Glasgow coma score of 5. ECG demonstrated T wave inversion in the DI,
DII, AVF and V4-6 leads with first-degree AV block on admission to the ICU (Fig. 4b). The
patient was stable during the follow-up period, with no organ dysfunction, except for hypoxic
encephalopathy, and received antibiotherapy for aspiration pneumonia. He became hypotensive
on the 5th day in the ICU, and ST segment elevation was noticed on the ECG monitor at the
same time. Control ECG showed ST segment elevation with Q wave in the V1-6 and lateral
leads and incomplete right bundle branch block (Fig. 4c). Troponin I was elevated at >75 ng/mL,
and TTE showed a severely hypokinetic anterior wall, apical akinesis, and apex aneurysm with
an EF of 25%. The new CAG indicated stent thrombosis. The lesion was crossed and multiple
dilatations were performed with a 3.5 x 12 mm non-compliant balloon. Good distal blood flow
was restored with thrombolysis in myocardial infarction 3 (TIMI-3). Asystole occurred 3 hours
after the second intervention and did not respond to cardiopulmonary resuscitation. The patient
received acetylsalicylic acid, clopidogrel, enoxaparin, atorvastatin, metoprolol, and ampicillin-
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sulbactam therapy in the ICU.
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Fig. 4 ECG in Case 4
Fig. 4a: Initial ECG showing hyperacute T wave tapering in the V1-2, and minimal ST segment elevation in
the DI and aVL leads with T inversion in the DIII and aVF leads.
Fig. 4b: ECG on admission to the ICU showing T wave inversion in the DI, DII, AVF and V4-6 leads with

first-degree AV block.
Fig. 4c: Control ECG showing ST segment elevation with Q wave in the V1-6 and lateral leads, and incomplete
right bundle branch block with sinus tachycardia.

DISCUSSION

KS is an allergic disease of the coronary arteries provoked by allergic, hypersensitivity,
anaphylactic, or anaphylactoid reactions through mast cell activation. It should be regarded
as a systemic disease since the skin, and respiratory and vascular systems are concomitantly
involved in nearly all cases. Cerebral and mesenteric arteries other than coronary arteries are
also affected.! Numerous factors including drugs, foods, environmental exposures, and health
conditions can result in KS.!*3 Although any drug can cause the syndrome, the most culpable
agents are antibiotics, analgesics, anesthetics, antineoplastics, herbal medicines, and contrast
media.'*> Even acetylsalicylic acid and glucocorticoids, the principal drugs used in the treatment
of acute coronary syndromes and allergic reactions, can cause KS.*® Insect bites or stings, or
contact with animal saliva, grass cuttings, latex, or metal are commonly seen environmental
factors for KS.! Several types of foods, including milk, eggs, fish, canned food, fruits, vegetables,
and mushrooms have been implicated in KS.'* Additionally, various health states also predispose
patients to KS development, such as vascular stenting (bare metal or drug eluting), asthma,
angioedema, mastocytosis and serum sickness. The reported incidence of KS among patients with
allergy, hypersensitivity, anaphylaxis, or anaphylactic reactions is between 2% and 3.4%.>7 Since
KS is largely described in the form of case reports, mortality rates differ widely, from 0% to
50%.*>7 One retrospective study including the data of 235,420 patients hospitalized for allergy,
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hypersensitivity, anaphylaxis, or anaphylactic reactions between 2007 and 2014 calculated a
mortality rate of 7%.% There are no specific diagnostic criteria for KS. It can present in a variety
of clinical and laboratory states, such as chest pain, any arrhythmia, ST/T changes, elevated
cardiac markers, coronary vasospasm, acute myocardial infarction, stent thrombosis, acute cardiac
failure, and even sudden death. Postmortem studies have implicated mast cell degranulation in
up to 13% of sudden deaths.® Physicians should be alert to the possibility of KS when treating
patients with any allergic reaction or with new onset or aggregated cardiac symptoms. ECG and
cardiac enzymes should be checked for the exclusion of KS in allergic patients.

Three types of KS have been described.'? The type 1 variant is encountered in patients with
normal or nearly normal coronary arteries, and coronary artery spasm is responsible for the
clinical situation. Such patients may exhibit normal cardiac biomarkers or acute myocardial infarc-
tion with elevated cardiac biomarkers. The type 2 KS variant includes patients with pre-existing
atheromatous diseases in whom acute inflammatory mediators induce either coronary artery spasm
with normal cardiac biomarkers, or else cause plaque erosion/rupture together with coronary artery
spasm resulting in myocardial infarction. The type 3 variant can develop in both drug-eluted and
bare stents, since all stent components can act as allergens.!® The pathophysiology of KS depends
on the activation of mast cells present in any tissue in the body, including in the intimal layer
of the coronary arteries and atherosclerotic plaques. After exposure to an allergic insult, mast
cell degranulation leads to local and systemic release of several mediators including histamine,
tryptase, chymase, cathepsin-D, platelet activating factor, thromboxane, leukotrienes, and cytokines
involved in the development of KS.? Histamine, thromboxane, and leukotrienes are responsible
for vasoconstriction. Neutral proteinases released by mast cells, such as tryptase, chymase, and
cathepsin-D, activate matrix metalloproteinases which organize matrix degradation within plaques,
and therefore, promote plaque disruption and rupture.>!'' Activation of platelets and expression
of vascular tissue factors by histamine and thromboxane lead to thrombosis formation.? Platelet
activating factor prompts the activation of thrombotic cascades, directly alters the heart rate, and
can result in coronary artery vasoconstriction.'? All these reactions can lead to the appearance of
KS. The study of mast cell degranulation in terms of the diagnosis of KS has no clinical utility
due to the shorter half-lives of the major mediators. The half-lives of platelet activating factor,
histamine and tryptase are <5 minutes, <15 minutes and approximately 2 hours, respectively.'?

The treatment of KS is challenging since both cardiac and allergic symptoms must be dealt
with together. Intravenous H; and H, antihistamines and corticosteroids are used for the treatment
of allergic reactions. Nitrate and calcium canal blockers are vasodilators that should be used for
the treatment of allergic vascular spasm.!'? Beta-blockers can exacerbate coronary spasm due to
causing unopposed alpha-adrenergic receptors. Adrenalin can also aggravate coronary spasm and
worsen the clinical situation. Glucagon should be preferred over adrenalin for the treatment of
anaphylactic reaction when patients present with KS.'* Morphine, codeine and meperidine should
not be used, since these can also induce mast cell degranulation. Fentanyl and its derivatives
should be employed for analgesia. CAG is of crucial importance for the application acute
coronary event protocols and intrastent thrombus removal in patients with type II and TII KS.!

The first two cases described in this report were examples of the type 1 variant in which
KS was caused by insect bites. The third case was a severe example of KS developing due to
the oxaliplatin chemotherapy. That patient experienced severe anaphylactic shock together with
coronary artery vasospasm and died from multiorgan failures. Oncological drugs are well-known
causes of KS, with platinum agents being generally reported.”” The fourth case was an example
of early stent thrombosis occurring in the ICU. This stent thrombosis may have been associated
with either allergic reactions to the stent components, or with the drugs ordered in the ICU,
namely acetylsalicylic acid, clopidogrel, and ampicillin-sulbactam. All these drugs have previously
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been reported to cause KS.!?

Since any allergen can trigger KS, physicians should always maintain a high index of suspicion
for KS when treating patients with allergic, hypersensitive, anaphylaxis, or anaphylactoid reac-
tions. KS can present from chest pain with no myocardial injury to acute myocardial infarction,
and even sudden death. KS should also be excluded in critically ill patients when they exhibit
signs of coronary artery diseases or hemodynamic instability with or without allergic manifesta-
tions. Critically ill patients are prone to KS due to polypharmacy used in the ICU and to the
greater numbers of elderly patients with generally high rates of cardiovascular comorbidities
being admitted to the ICU. Another important point requiring consideration is that KS can lead
the interventional cardiologist to misdiagnose stable moderate coronary atherosclerotic plaques
(50-70%) and vasospasm as the causative factor and thus to proceed with percutaneous coronary
intervention, which is not appropriate in this situation and may be deleterious to the patient.
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