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Viewpoint

Hypersensitivity to drug-eluting stent and stent thrombosis:

Kounis or not Kounis syndrome?
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With the utilization of coronary-stents, coronary
remodeling and restenosis were reduced compared
with balloon angioplasty alone.! However, the risk of
restenosis is still in the range of 15% to 20%.
Drug-eluting stents (DES), which could release
antiproliferative pharmacological agents after deployment,
were designed to inhibit the response to injury reaction
after bare-metal stent (BMS) implantation. As a result,
target-vessel restenosis and revascularization could be
reduced to rate below 10% after DES implantation.”
What's more, DES have been documented to reduce the
occurrence of major cardiac events from 16.4% with
BMS to 7.8% with DES.> The use of DES has now
increased sharply and accounts for >75% of all coronary
artery stents utilized.* However, stent thrombosis (ST)
after percutaneous coronary intervention is an emerging
serious clinical problem in patients treated with DES. It
has received considerable attention because of its high
morbidity and mortality. Issues about ST are complex and
controversy. Recent publications have suggested that the
window of thrombotic risk in DES extends far beyond
that for BMS.”® And hypersensitivity is one of the
potential factors of ST The concurrence of
hypersensitivity reaction to DES and ST was considered
as a manifestation of Kounis syndrome.®

DRUG-ELUTING STENT AND STENT
THROMBOSIS

ST was a nightmare of stent implantation since the
beginning, although its rates range from 0.1% to 3.1%.’
Standardized definition of ST was proposed by an
academic research.'” Definite ST (highest level of
certainty) requires angiographic or autopsied evidence of
thrombus in the segment of stent. Probable ST includes
any unexplained death within 30 days after stent
implantation or any MI in the territory of the stented
vessel without regarding of time. Possible ST includes
any unexplained death beyond 30 days until the end of
follow-up. According to the time of ST, early ST refers to
ST in the first 30 days; late ST defines the time interval
between 1 month and 1 year after stent implantation; very
late ST includes any event beyond 1 year.

Many systematic review revealed that there is no
significant difference in the overall incidence of ST and
the rates of protocol-defined ST up to 1 year between

BMS and DES, but significant difference was found in
very late ST.""'® Evidences from autopsy, angioscope and
intravascular ultrasound (IVUS) showed that delayed and
impaired endothelialization plays important roles in most
cases of late and very late ST, chronic inflammation and
hypersensitivity reactions, stent apposition — as a result
of positive arterial remodeling or stent underexpansion —
and penetration of the stent into a necrotic core are other
common features of adverse event.'”

AREALENTITY: HYPERSENSITIVITY TO DES

A study based on data from the FDA’s Manufacturer and
User Device Experience Center (MAUDE) and the
Research on Adverse Drug/Device events and Reports
(RADAR) project has listed 262 cases of DES (251 for
CYPHER and 11 for TAXUS) implantation associated
with hypersensitivity reactions."’ Ninety-five percent of
hypersensitivity reactions were classified as serious
including events that required emergency interventions
(e.g., intravenous steroids and cardiac catheterization) or
hospitalization, or resulted in permanent disability, or
even death. Seventeen cases were identified (14
CYPHER and 3 TAXUS) as probable or certain DES
induced hypersensitivity syndromes. Clinical
manifestations included non-urticarial rash, hives,
dyspnea, myalgia/arthralgia, itching, and blisters. Of
these, four patients developed coronary thrombosis in
stent and died at 4, 5, 18, and 18 months after
implantation, respectively. Histological examination
demonstrated intrastent eosinophilic infiltrates and poor
intimal healing as late as 18 months after implantation. In
one of these patients, concomitantly placed bare-metal
stents were not associated with these hypersensitivity
findings. Laboratory findings included eosinophilia and
elevated IgE titers over five times normal for three
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patients. Another study compared 23 autopsies of DES
cases of >30 days duration with 25 matched autopsies of
BMS implantation. DES cases showed greater delayed
healing characterized by persistent fibrin deposition and
poorer endothelialization compared with BMS.

Although the cause of DES LST is multifactorial, one of
additional procedural and pathologic risk factors for LST
is: local hypersensitivity (chronic inflammation) reaction
characterized by lymphocytes, macrophages, and
extensive eosinophilic infiltration of the intima and
media.” The same was found in a case report presenting
findings of a 58-year-old man who died of late stent
thrombosis 18 months after receiving 2 Cypher stents for
unstable angina. The autopsy showed aneurismal dilation
of the stented arterial segments with a severe localized
hypersensitivity reaction consisting predominantly of T
lymphocytes and eosinophils. The patient did not present
any clinical symptoms of hypersensitivity at the time of
death, and the hypersensitivity reaction was localized to
the stented arterial segment at 18 months, when the drug
is completely eluted off the stent.'® Hypersensitivity to
DES is now regarded as real clinical entity” and may

cause prolonged hypersensitivity symptoms and
occasionally result in death associated with stent
thrombosis.

POTENTIAL CAUSES OF HYPERSENSITIVITY

Hypersensitivity reactions after DES implantation could
be due either to the DES itself or to medical therapy
associated with stent implantation. Several components of
the DES could be responsible for the hypersensitivity
reaction. These include the polymer coating, the drug
(rapamycin for CYPHER and paclitaxel for TAXUS), or
the stainless steel. Bare-metal stents have not been
demonstrated to cause hypereosinophilic, IgE-mediated
reactions in a human autopsy series of over 400 stents.
Hypersensitivity to bare stainless steel stents has been
associated with restenosis but not thrombosis."® Drug
reactions to rapamycin or paclitaxel is unlikely because
pharmacokinetic studies performed in dogs and rabbits
show that the drug is undetectable in the arterial wall by
60 days.** Hypersensitivity-like symptoms associated
with intravenous iodinated contrast agents or ticlopidine
and aspirin after a BMS implantation could not last
longer than 30 days.”” Thus, the most likely etiology of
the hypersensitivity reaction in stent is the polymer
coating of the DES. Synthetic polymers, when applied to
BMS, have demonstrated both local and systemic
hypersensitivitéy responses after implantation in one
animal study.”

KOUNIS SYNDROME

The Kounis syndrome®’ was described in 1991 as the
concurrence of acute coronary events with allergic or
hypersensitivity reactions as well as anaphylactic or
anaphylactoid reaction. Two variants of Kounis syndrome

have been described.”® The type 1 variant, includes
patients with normal coronary arteries and represents a
manifestation of endothelial dysfunction; the type II
variant, includes patients with culprit but quiescent
preexisting atheromatus disease.

Vasoconstricting and collagen-degrading compounds are
released locally and in the peripheral circulation during
hypersensitivity reactions from activated mast cells.
These compounds include preformed mediators as
follows: arachidonic acid metabolites such as leukotrienes
and thromboxane; proteolytic enzymes such as chymase
and tryptase; histamine and a variety of cytokines and
chemokines released during the activation of various
related and interacting inflammatory cells such as
macrophages, T-lymphocytes, and mast cells, which
induce coronary artery spasm and/or acute myocardial
infarction secondary to thrombosis. The inflammatory
cells found at autopsy'® to infiltrate the intima, the media,
and the adventitia were the same — such as lymphocytes,
plasma cells, macrophages, and eosinophils — with those
participating the process of Kounis syndrome.
Consequently, coincidence of hypersensitivity reaction
following implantation of drug-eluting stents and stent
thrombosis was considered as a manifestation of Kounis
syndrome.®

DIFFERENT COURSE BOTH IN CLINIC AND
CELLULAR LEVEL

However, both the clinical courses and the cellular level
of Kounis syndrome are different from the development
of hypersensitivity to DES. The clinical courses of
hypersensitivity due to DES implantation are not the
same as the typical cases of allergic acute coronary
syndrome (ACS).*?® In allergic ACS, the duration
between the onset of allergic symptoms and ACS is less
than 24 hours. In contrast, the mean time from DES
implantation to first symptom is 35 days, the mean
duration of symptoms is more than 9.25 weeks (based on
the statistic of 17 patients classified as certainly or
probably due to DES, one patient had no statistic
available)."”

The concept of allergic ACS is based on the release of
cytokines from activated mast cells and leukocytes, etc,
which play an important role in atheromatous plaque
erosion or rupture and induce coronary artery spasm.
However, inflammatory mediators, such as histamine and
arachidonic acid metabolites, have also been reported
increasing in the blood or urine of patients with ACS of
non-allergic actiology.”’>’ Moreover, degranulated mast
cells have been found abundant in the coronary plaque
rupture areas of patients with recent myocardial
infarction.*® ACS secondary to stent thrombosis induced
by hypersensitivity in response to DES is slowly
developed: The hypersensitivity to the stent was most
likely present at 8 months after deployment, because
significant vessel enlargement and persistent positive
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remodeling were found by IVUS at 8 months after DES
implantation. Late stent malapposition, due to regional
increase in external elastic membrane remodeling, was
probably developed late after 8 months. Inflammatory
destruction of the medial wall may have caused further
dilation accompanied by the accumulation of fibrin
between stent struts and native plaque.'® All these
reactions in response to DES are chronic.

In conclusion, Kounis syndrome could be considered part
of hypersensitivity after DES implantation, other
underlying pathogenic factors may play more significant
roles in the onset of hypersensitivity to DES and lead to
stent thrombosis.
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