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The use of drug-eluting stents (DES) for the treatment of coronary stenosis has increased sharply and now accounts
for more than 75% of all coronary stents utilized. However, concern has been increasing that DES could be associated with stent thrombosis, paradoxical coronary vasoconstriction, and hypersensitivity reactions. Components
of currently used DES have been reported to induce, either separately or synergistically, hypersensitivity reactions
and possibly lead to cardiac events. DES-activated intracoronary mast cells could release histamine, arachidonic
acid metabolites, proteolytic enzymes, as well as a variety of cytokines, chemokines, and platelet-activating factor
(PAF) leading to local inflammation and thrombosis. These events may be more common than suspected because
it is hard to document them, unless they become systemic, in which case they manifest themselves as the “Kounis
syndrome,” characterized by the concurrence of acute coronary events with hypersensitivity reactions. Recognition
of this problem may lead to better vigilance, as well as new DES with mast cell blocking molecules that may also
be disease modifying. (J Interven Cardiol 2007;**:1–11)

Introduction
Stent thrombosis is an emerging serious clinical
problem in patients treated with DES.1 Recent data
have shown that a small but increasing number of
patients develop stent thrombosis after insertion of
DES.2 Stent thrombosis may lead to catastrophic consequences3 including myocardial infarction (MI) with
estimated 30-day mortality ranging from 20 to 48%.
Several meta-analyses of large trials have shown that
the overall mortality from DES was increased by 2,
3, and 4 years in comparison with bare metal stents.4
Another study5 showed that the rate of cardiac death
and nonfatal MI 7–18 months after DES insertion was
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4.9%, and additional data6 showed that the rate of
mortality and MI up to 3 years after sirolimus-eluting
stent insertion increased to 6.3%. These studies have
prompted a statement from the Food and Drug Administration (FDA) warning about the small but significant increase in the rate of death and MI from possible
stent thrombosis that followed 18 months to 3 years after stent implantation.7 However, these rates have been
challenged and three recent reports8–10 showed no significant differences in the rates of death, MI, and stent
thrombosis between DES and bare metal stents. It has
been suggested that large randomized trials are necessary11,12 in order to ascertain the long-term safety of
DES.
Stent thrombosis has been classified as acute, occurring within 48 hours; subacute, occurring between
the 2nd and the 30th day; late, occurring after the
first 30 days to one year; and very late, occurring after one year of the implantation. Potential causes include delayed endothelialization, stent length, complex
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lesions, suboptimal stent insertion, flow disturbances
and changes in shear stress, withdrawal of clopidogrel and/or aspirin, brachytherapy for in-stent restenosis, patient characteristics, and hypersensitivity to stent
components.13 The concurrence of acute coronary syndromes with hypersensitivity reactions has been long
established,14 and the question which arises is whether
hypersensitivity to DES components could be associated with acute coronary events.15,16 Since it is not
known if stent thrombosis is a time-limited event, this
might become a major clinical concern in patients who
have already been treated with DES.

The Clinical Problem: Hypersensitivity
to DES Components?
Data derived from the FDA’s Manufacturer and User
Device Experience Center (MAUDE)17 and the Research on Adverse Drug/Device events and Reports
(RADAR)18 project have listed 262 cases of DES implantation associated with hypersensitivity reactions.
The RADAR project mentioned 17 cases classified as
probably or certainly caused by stent insertion; of these,
4 developed fatal in-stent thrombosis and died at 4, 5,
18, and 18 months after implantation, respectively.18
These reactions included rash, itching, hives, dyspnea,
fever, atypical chest pain, high or low blood pressure,
joint pain, joint swelling, and anaphylaxis. The cutaneous rash was associated with hives, desquamation, or
blisters and covered the entire body in 21% of the cases.
Based on MAUDE seriousness codes, 95% of these reactions were classified as serious, requiring hospitalization, emergency intervention, intravenous steroids,
or cardiac catheterization, or resulted in permanent dis-

ability and even death. Laboratory findings associated
with the above reactions included eosinophilia and elevated serum IgE titers. Clinical or laboratory findings
did not abate with discontinuation of the concurrent
antiplatelet medications. The MAUDE and RADAR
project data may be biased because these are likely to
underreport such events and because of lack of information on causality relationships. Hypersensitivity to
DES is now regarded as real clinical entity19 and there
is obvious risk of serious complications. It has been
proposed that health professionals should be vigilant
and should submit detailed adverse event reports to the
manufacturer of DES or to the FDA.19 The proportion
of 262 cases with allergic reactions in >5 million DES
implantation is well below the 4% expected for allergy
from drugs alone. However, coronary events associated with hypersensitivity reactions are not common
and are dependent on allergen concentration, number
of insulting allergens, route and rate of allergen entrance in the circulation, magnitude of the initial allergic response, area and localization of antibody–antigen
reaction, patient’s sensitivity, and patient’s comorbidity.20 A threshold level of inflammatory cell content,
closely associated with the above conditions, has been
suggested, above which smooth muscle contraction and
plaque erosion or rupture may occur.21

Kounis Syndrome: The Hypersensitivity
Coronary Syndrome
The concurrence of acute coronary syndromes with
conditions associated with allergic or hypersensitivity
and anaphylactic or anaphylactoid reactions constitutes
the Kounis syndrome20 (Table 1). It has been proposed

Table 1. Historical Background of Kounis Syndrome
Pfister CW, et al. Acute myocardial infarction during a prolonged allergic reaction to penicillin. Am Heart J
1950;40:945.
Kounis NG, et al. Histamine-induced coronary artery spasm: The syndrome of allergic angina. Br J Clin Pract
1991;45:121.
Constantinides P. Allergic reactions can promote plaque disruption.Circulation 1995;92:1083.
Kounis NG, et al. Allergic angina and allergic myocardial infarction. Circulation 1996;94:1789.
Braunwald E. Allergic reactions with mediators such as histamine or leukotrienes acting on coronary smooth muscle
can induce vasospastic angina. Circulation 1998;98:2219.
Zavras GM, et al. Kounis syndrome secondary to allergic reaction. Int J Clin Pract 2003;57:62.
Kounis NG. Kounis syndrome. Int J Cardiol 2006;119:7.
Kounis NG, et al. Hypersensitivity to DES: A manifestation of Kounis syndrome? J Am Coll Cardiol 2006;48:592.
Rana JS, Sheikh J. Serum sickness-like reactions after placement of sirolimus-eluting stents. Ann Allergy Asthma
Immunol 2007;98:201.
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that this syndrome represents nature’s own experiment
and important natural paradigm that might have profound clinical and therapeutic implications.22 Two variants of this syndrome have been described.23 The type I
variant includes patients with normal coronary arteries
without predisposing factors for coronary artery disease in whom hypersensitivity reactions induce either
coronary artery spasm with normal cardiac enzymes
and troponins or coronary artery spasm progressing to
acute coronary thrombosis with increased cardiac enzymes and troponins. This variant might represent a
manifestation of endothelial dysfunction or microvascular angina. The type II variant includes patients with
active or quiescent preexisting atheromatous disease
in whom acute hypersensitivity reactions can induce
plaque erosion or rupture culminating in acute coronary thrombosis.
Causes of Kounis syndrome include20,24 environmental exposure, various drugs and substances such as
latex, nonsteroidal anti-inflammatory drugs (NSAIDs),
antibiotics, analgesics, contrast media, intravenous
anesthetics, skin disinfectants, and cancer chemotherapeutic agents. All DES components, including the
metal and the polymer coating, can induce hypersensitivity reactions either separately or synergistically.
The two main impregnated drugs of DES are the antineoplastic agent paclitaxel for the TAXUS brand and
the antiproliferative agent rapamycin for the CYPHER
brand.
Allergic inflammation is initiated by allergens crossbridging their corresponding, receptor-bound, immunoglobin IgE or IgG antibodies on the surface of the
mast cells.25–27 Clinical studies indicate that allergic
patients simultaneously exposed to several allergens
have more symptoms than mono-sensitized individuals.28 A recent study also showed that IgE antibodies with different specificities can have an additive effect with even small amounts of corresponding allergens able to trigger mediator release when the patient
is simultaneously exposed to them.29 Intracoronary
mast cells are increased in atherosclerosis and especially in areas of plaque rupture.30–43 Vasoconstricting
and collagen-degrading compounds are released locally and in the peripheral circulation during hypersensitivity reactions from activated mast cells. These compounds include (Table 2) preformed mediators such as,
histamines, neutral proteases (tryptase, chymase), neuropeptides, and proteoglycans, as well as newly synthesized mediators such as arachidonic acid products,
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Table 2. Inflammatory Mediators Released from Mast Cells
Preformed mediators
Biogenic amines
-histamine
-serotonin
Chemokines
-IL-8, MCP-1, MCP-3, MCP-4, RANTES
Enzymes
-arysulfatases
-carbopeptidase A
-chymase
-kinogenases
-phospholipases
-tryptase
Peptides
-bradykinin
-corticotropin-releasing hormone
-endorphins
-endothelin
-renin
-substance P
-vasoactive intestinal peptide
-urocortin
-vascular endothelial growth factor
-vasoactive intestinal peptide
Proteoglycans
-chondroitin sulphate
-heparin
-hyaluronic acid
Newly synthesized mediators
Cytokines
-interleukins (IL)-1,2,3,4,5,6,9,10,13,16,32
-macrophage inflammatory factor
-tumor necrosis factor-α
Growth factors
-granulocyte monocyte—colony stimulating factor
-fibroblast growth factor
-nerve growth factor
-stem cell factor
-vascular endothelial growth factor
Arachidonic acid products
-leukotrienes
-platelet-activating factor
-prostaglandins
-thromboxanes

an array of cytokines and chemokines, and plateletactivating factor.
It should be noted that mast cells can release many
of these mediators selectively, especially to nonallergic
triggers such corticotropin-releasing hormone (CRH),
IL-1, LPS, stem cell factor (SCF), and thrombin,44
thus originally contributing to coronary inflammation
without full-blown anaphylaxis that may occur only in
rare instances. These mediators have been implicated,
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in many clinical and experimental studies as
inducing coronary artery spasm and/or acute MI.30–43
The same mediators released during hypersensitivity
reactions have been found to be increased in blood or
urine of patients suffering from acute coronary syndromes of nonhypersensitivity etiology. In particular,
histamine is elevated in the coronary circulation of
patients with variant angina,45 can be released under acute stress,46 and induces tissue factor expression.47 Tryptase has implicated in acute coronary syndromes48,49 and can degrade HDL.50 Mast cells also
contain renin,51 which can convert angiotensinogen to
angiotensin, while mast cell chymase has been shown
to convert angiotensin I to angiotensin II52 and also remove cholesterol from HDL.53 Mast cell proteases also
participate in plaque rupture.54 IL-6 has been shown to
be released in the coronary sinus of patients with acute
coronary syndromes55,56 from a cardiac source,57 and is
also released exclusively from mast cells during acute
stress in mice.58 Serum IL-6 was also shown to be increased in ischemia-reperfusion in mice, but not in mast
cell–deficient mice,59 again stressing the importance of
mast cells in coronary inflammation and pathology.
Additionally, there are many important interactions
among mast cells, T cells, and macrophages. For instance, mast cells can enhance T cell activation,60 T
cells can mediate mast cell proliferation and activation,61 inducible macrophage protein-1α can activate
mast cells,62 mast cells can activate macrophages,63
and T cells can regulate macrophage activity.64 These
effects can lead to coronary inflammation, as well as epithelial and endothelial cell proliferation, fibrosis, and
stenosis. Hypersensitivity reactions that do not involve
IgE appear to involve activation of the complement (C)
system and are sometimes called “C activation-related
pseudoallergy” (CARPA).65 Drugs and agents causing
CARPA include radiocontrast media, liposomal drugs,
and micellar solvents containing amphiphilic lipids
(e.g., Cremophor EL, the vehicle of Taxol).

Paclitaxel
Paclitaxel and docetaxel belong to a dinstict type
of antineoplastic drugs which in micromolar concentrations, easily achieved in patients, inhibit microtubule assembly (M-phase of the cell cycle) resulting
in dissolution of the mitotic spindle structure, thereby
inhibiting proliferation of human endothelial cells.66
Antineoplastic drugs capable to induce acute coro-
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Table 3. Cardiac Hypersensitivity Reactions to Stent Components
Reactions
- Atrioventricular block
- Kounis syndrome
- Left bundle branch block
- Paradoxical coronary
vasoconstriction
- Pericarditis
- Coronary thrombosis
- Ventricular tachycardia

Latex Nickel Paclitaxel Sirolimus
±

±

±

±
±
±
±
±
±

±
±
±

nary syndromes include67 the antimicrotubule paclitaxel (Taxol). Recent in vitro studies68 have shown that
paclitaxel enhances tissue factor expression and activity in endothelial cells in concentrations comparable
with those achieved locally after paclitaxel stent insertion.69
There are several reported instances of hypersensitivity reactions to antineoplastic drugs.70 Severe and
lethal reactions have also occurred.71,72 Apart from
neutropenia, thrombocytopenia, paralytic ileus, alopecia, gastrointestinal upset, and peripheral neuropathy,
hypersensitivity reactions are quite common with the
use of paclitaxel (Table 3) with 90% of these occurring
after the first or second dose.73 According to a recent
report,74 up to 42% of patients receiving systemic paclitaxel for treatment of various types of cancer experienced a hypersensitivity reaction and up to 2% developed serious allergic reactions. So far, there are several
reports associating type I and type II variants of Kounis
syndrome with paclitaxel systemic administration.75–86
In another report,87 a patient experienced anaphylactic
reaction during a Taxus stent implantation; this patient
developed erythematous rash and hypotension immediately after the stent insertion, as well as coronary spasm
and thrombus formation. Delayed severe multivessel
coronary artery spasm and aborted sudden death has
also been observed after systemic Taxus stent implantation.88 In another study89 involving 23 patients with recurred ovarian cancer, combination chemotherapy with
carboplatin and paclitaxel induced hypersensitivity reactions in 5 patients. One of these patients exhibited
severe allergic reaction compatible with Kounis syndrome; the rest of the patients developed eruptions, hypotension, and tachycardia. It must be pointed out that
all hypersensitivity reactions occurred immediately
after carboplatin administration and not during
paclitaxel administration. Perhaps, in this occasion,
paclitaxel had acted as hapten. Low-molecular-weight
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Table 4. Noncardiac Hypersensitivity Reactions to Stent
Components
Reactions
Latex Nickel Paclitaxel Sirolimus
- Angioedema
±
±
±
- Anaphylaxis
- Acrocyanosis
±
- Asthma
±
- Baboo syndrome
±
- Bronchospasm
±
- Conjunctivitis
±
- Contact dermatitis
±
- Diaphoresis
±
- Eczematiform eruption
±
- Erythema
±
- Fever
±
- Flushing
±
±
- Interstitial pneumonitis
±
- Pruritus
±
- Purpura
±
- Rhinitis
±
±
- Rosacea
±
±
- Schonlein-Henoch
±
purpura
- Stomatitis
±
- Urticaria
±
±
- Vasculitis
±

antineoplastics that have haptenic properties have been
proposed .90

Sirolimus
R
Sirolimus (rapamycin, Rapamune
) is a macrolide
antibiotic derived from actinomycete streptomyces hygroscopius, which for many years has been used as an
immunosuppressive and antiproliferative agent in the
treatment of organ rejection in transplant recipients.
Unlike cyclosporine and tacrolimus, sirolimus does not
inhibit the calcineurin pathway, but inhibits the mammalian target of rapamycin (mTOR), a multifunctional
serine-threonine kinase that acts on IL-2-mediated signal transduction pathways, which is the central regulator of cell growth proliferation and apoptosis.91 These
properties have also been utilized in coronary stents in
order to reduce neointimal formation and restenosis.
Rapamycin can increase thrombin and tumor necrosis
factor-α-induced endothelial tissue factor expression
and activity at concentrations that are encountered in
vivo.92
Apart from the well-known adverse effects associated with sirolimus use such as hyperlipidemia, hypercholesterolemia, and thrombocytopenia, some se-
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rious hypersensitivity reactions have been observed
with its use (Table 4). Generalized, pruritic, ulcerating maculopapular rash necessitating cessation
of sirolimus have been observed in a liver transplant patient.93 A variety of cutaneous effects have
also been reported in renal transplantation patients.94
Sirolimus can induce allergic angioedema with diffuse swelling of eyelids, epiglottid edema, and edema
of floor of the mouth, tongue, and soft palate.95
Despite vigorous therapy of these patients with angioedema complete resolution of this effect may
occur only after withdrawal of sirolimus. Furthermore, sirolimus-induced pulmonary hypersensitivity
has been reported.96,97 Acneiform eruption,98 leucocytoclastic vasculitis,99,100 even cardiac tamponade,101 are some additional but rare side effects
(Table 4).
In an experimental study,102 the side effects of rapamycin on treated rats were evaluated by histopathological examination of heart, kidney, and eyes. Rapamycin administration at doses of 1.5 and 1.0
mg/kg/day resulted in focal MI in 60% and 9% of rats,
respectively. In addition, animal experiments indicate
a propensity for thombus formation in a rat model with
synthetic vascular grafts treated by systemic or local administration of rapamycin.103 Although no evidence of
hypersensitivity was noted in this experiment, thrombus formation was largest in animals that received high
doses of rapamycin either orally or intraperitoneally,
when compared with the control group.
In humans, paradoxical coronary vasoconstriction104 and life-threatening coronary spasm105 following sirolimus-eluting stent deployment has also been
reported and was attributed to severe endothelial dysfunction106 as in type I variant of Kounis syndrome.
For example, localized hypersensitivity and late coronary thrombosis secondary to a sirolimus-eluting stent
has been reported in a 58-year-old man who died 18
months after stent implantation.107,108

Polymers and Latex
Synthetic biodegradable polymers are commonly
used in drug-eluting stents as a vehicle for local drug
delivery; the impregnated drugs are released by diffusion through and/or breakdown of the base polymer. Cypher stents are coated with a thin layer of
poly-n-butyl methacrylate and polyethylene-vinyl acetate copolymer. In sirolimus-eluting stents, about 80%
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of the rapamycin is eluted by 30 days, leaving a
polymer-coated metal stent with small drug amounts.
In Taxus stents, about 10% of paclitaxel is eluted by 10
days and the rest remains in the polymer for a longer
period.109
Hypersensitivity reactions have been reported with
the use of polymers (Table 4) like those in latex and
vinyl gloves, as well as with polyurethane and methylmethacrylate in dentistry.110,111 The latter has induced
labial edema and allergic stomatitis confirmed by patch
tests in orthodontic patients.112,113 Chronic urticaria,114
stomatitis venenata,115 and allergic erythema of the
hard palate116 have also been reported due to exposure to auto-polymerized acrylic resin. These allergic
reactions are usually type IV reactions caused by compounds of low molecular weight that are acting as haptens. For acrylic resins these would be formaldehyde,
benzyl peroxide, methyl-methacrylate, and plasticizers
such as dibutyl phthalate.117
Nonbioerodable polymers such as polyurethane
polydimethyl siloxane (silicone) and polyethylene
terephthalate (Dacron) can promote inflammation
when implanted in swine coronary arteries.118–120
Macrophages, giant cells, tissue damage, and fibrosis
are seen during subcutaneous implantation of poly-nbutylmethacrylate, which is a component of bone cement and the polymer coating of Cypher stents.121 Furthermore, the polyethylene-vinyl acetate compound of
the Cypher copolymer induces inflammatory reaction
in 25% of rabbits when used as an antigen delivery
matrix.122 Cases of immediate and delayed allergic reactions to anionic cellulose polymers carboxymethylcellulose and methyl hydroxyethylcellulose have also
been reported.123
Latex can cross-react with the hevamine in fruits and
cause an immediate hypersensitivity reaction.124

Hypersensitivity to Metals
The majority of intracoronary stents are made from
316L stainless steel, which contains nickel, chromium,
and molybdenum. Ions from the above metals are
eluted through the action of blood, saline, proteins,
and mechanical stress. It has been already seen that
allergy and inflammatory reactions have occurred in
patients with prosthetic valves and other endovascular
prostheses.125 Allergic reactions to metallic implants
have been implicated in postoperative complications
such as loosening or formation of new tissue around
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the metals.126,127 In a patient with aseptic loosening
of an orthopedic chromium/cobalt alloy and positive
patch tests to potassium dichromate, peri-inplantar tissue examination showed oligoclonal T-cell infiltration
with Th1-type cytokine expression.128
Hypersensitivity reactions to nickel occur in up to
17.2% of the population and are the most frequent cause
of allergic contact dermatitis.129 In patients undergoing percutaneous atrial septal defect and patent foramen ovale closure, nickel allergy can be the cause of
systemic effects such as chest discomfort, palpitation,
and migraine headache with or without aura.130 It is
postulated that local allergic reaction to the implanted
device could result in formation of platelet adhesions
that could embolize in heart and brain.131 Local nickel
allergy from intracardiac devices and subsequent systemic allergic reactions confirmed by patch tests as an
allergy to nitinol (nickel-titanium alloy) have necessitated the removal of these devices.132,133
Reports concerning hypersensitivity reactions to various metals used in orthodontics have also been published.134 Nickel is the metal which can provoke the
most severe responses.135 Delayed hypersensitivity reactions to nickel and molybdenum might be part of
inflammatory process and one of the triggering factors for development of in-stent restenosis.136 The rate
of nickel allergy following initial stent implantation
has been estimated137 to be 9.2%. Skin clips containing nickel, chromium, molybdenum, cobalt, and titanium can induce allergic reactions and may be the
cause of delayed wound healing.138 Hypersensitivity to
molybdenum has been implicated to induce a syndrome
resembling systemic lupus erythematosus.139 Contact
allergy to gold has been associated with increased incidence of restenosis when patients are stented with goldplated stents and these stents have been abandoned.140
On the other hand, the titan stent, which is a stainless
steel stent coated with titanium-nitride oxide (TINOX)
can prevent discharge of nickel, chromium, and molybdenum and it seems promising in eliminating local allergy and inflammation.141

Conclusions and Future Directions
At present, as stated by the FDA, coronary DES remain safe and effective when used in patients according
to approved indications. However, as DES are used in
most cases, it seems likely that cases of intracoronary
and even systemic hypersensitivity reactions to DES
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might go unreported. Apart from the risk of thrombosis, physicians should be aware also of the reports of
life-threatening paradoxical coronary vasoconstriction
associated with DES implantation.88,104–106 Such cases
may be more likely to occur in atopic patients, those
with food allergy, or those who have already experienced a first Kounis syndrome and are going to have
DES implantation. A series of 13 patients who developed severe life-threatening coronary artery spasm after DES implantation has been recently published.142
Two patients did not respond to vasodilators and died.
The postmortem examination in one patient showed
scattered mast cells infiltrating the adventitia of the
left anterior coronary artery suggesting a hypersensitivity reaction to the stent.143 Simultaneous multivessel
acute drug-eluting stent thrombosis has been recently
reported suggesting hypersensitivity reaction involving
multiple vessels as a possible cause.144
New DES, combining drugs with antiallergic and
antiinflammatory actions that may also be disease
modifying, might be the solution to the problem. For
instance, mast cell stabilizers may be used since the latter have abrogated late thrombotic events experimentally.145

Disclosure
US patents No. 6,689,748; 6,984,667; 10/811,525
and EPO 136577 (awarded to TCT) cover the use of antiallergic/antiinflammatory methods and compositions,
including coated medical devices.
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