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Background Kounis syndrome (KS) is an acute coronary syndrome (ACS) induced by allergic reactions. Currently, there are three var-
iants of KS based on the mechanism and onset of ACS. We report a rare case of KS, wherein ACS was caused by all KS
variants.

Case summary A 68-year-old man with a history of percutaneous coronary intervention (PCI) for ST-segment elevation myocardial infarc-
tion of the left anterior descending artery 16 days ago underwent a staged PCI for the mid-left circumflex artery (LCx) sten-
osis under optical coherence tomography (OCT) guidance using low-molecular-weight dextran (LMWD). During OCT
examination, the LMWD induced an anaphylactic reaction. The patient was immediately administered medications to manage
the anaphylaxis; however, he complained of chest discomfort. Coronary angiography and subsequent intravascular ultrasound
revealed a newly developed coronary thrombus in the proximal LCx. Furthermore, coronary spasm or multiple stent throm-
boses occurred sequentially in all coronary arteries, resulting in triple-vessel coronary artery ischaemia. Balloon angioplasty
was performed under intra-aortic balloon pumping, which could rescue the patient. The patient was discharged without any
complications 11 days post-KS, under a 7-day anti-histamine regimen. No further cardiovascular events had occurred by 1-
year follow-up.

Discussion This case documented the clinical course of KS caused by LMWD, wherein all KS variants occurred sequentially. Early recog-
nition of KS and appropriate management with anaphylaxis medication and balloon angioplasty under mechanical circulatory
support effectively prevent vascular morbidity. Interventionalists should be aware of this rare and serious complication of PCI.
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Learning points
• Low-molecular-weight dextran use during optical coherence tomography may induce anaphylaxis and concomitant fulminant Kounis

syndrome.

• Direct exposure to allergic insults can lead to coronary thrombus formation in the treated vessel, and subsequent systemic reactionsmight
lead to coronary spasmand/or in-stent thrombosis in all coronary arteries, which could potentially lead to triple-vessel coronary ischaemia.

Introduction
Kounis syndrome (KS) is a rare but significant cause of acute coronary
syndrome (ACS) that results from allergic reactions to various triggers.
The consequent release of inflammatorymediators and platelet hyper-
activity are integral to its development.1,2 Currently, KS is classified
into three variants based on the mechanism and onset of ACS.
Type-1 represents ACS due to coronary spasm in a non-atherogenic
coronary artery, Type-2 represents ACS due to plaque rupture or
erosion in patients with pre-existing coronary atheroma, while
Type-3 represents ACS due to stent thrombosis.2,3 We describe a
rare case of KS wherein all variants occurred sequentially during a
staged percutaneous coronary intervention (PCI), 16 days after the
treatment of ST-segment elevation myocardial infarction (STEMI).

Timeline

Case summary
A 68-year-old East Asian male smoker with a medical history of
hypertension, dyslipidaemia, and chronic kidney disease presented
with persistent chest discomfort for 2 hours. The patient was
haemodynamically stable with a blood pressure of 110/70 mmHg
and a heart rate of 75 beats/min. Physical examination findings re-
vealed no abnormality. Electrocardiogram showed ST-segment ele-
vation in the anterior leads (Figure 1A). Emergent coronary
angiogram (CAG) through the right femoral artery (FA) showed
double-vessel coronary artery disease with acute occlusion of the
proximal left anterior descending artery (LAD). Consequently, pri-
mary PCI was performed for the culprit lesion. After reperfusion, re-
markable stenosis of the diagonal branch was observed. Because the
diagonal coronary flow was not sufficiently maintained after the
single-stent strategy for the proximal LAD, culotte stenting was con-
ducted as a bailout method, using two everolimus-eluting stents
(EESs) for the proximal LAD (EES: 3.0/33 mm) and diagonal branch
(EES: 2.5/23 mm). This approach achieved optimal results (Figure 1B–
1D). The total contrast amount used during the procedure was
105 mL, and the patient’s serum creatinine level (1.35 mg/dL) (refer-
ence range, 0.52–1.02 mg/dL) and estimated glomerular filtration
rate (eGFR) (41.8 mL/min/1.73 m2) (reference range, .60 mL/min/
1.73 m2) remained unchanged after the primary PCI. The maximal
creatinine kinase (CK) and CK-myocardial band (CK-MB) levels
were 2465 IU/L (reference range, 56–244 IU/L) and 300 IU/L (refer-
ence range, ,5 IU/L) respectively. The patient was treated with
dual-antiplatelet therapy consisting of aspirin (loading dose,
200 mg; maintenance dose, 100 mg/day) and prasugrel (loading
dose, 20 mg; maintenance dose, 3.75 mg/day) as per Japanese guide-
lines.4 The patient was generally well, and no signs of any allergic re-
action were noted.
Sixteen days later, a staged PCI through the right radial artery was

performed to treat the mid-left circumflex artery (LCx) stenosis un-
der optical coherence tomography (OCT) guidance (Figure 2A). After
implanting an EES (2.5/28 mm) in the culprit lesion, the first OCT
examination was performed using low-molecular-weight dextran
(LMWD) to reduce the amount of contrast used (Figure 2B and
2C). Shortly after that, the patient developed an erythematous rash
with generalized pruritus, and his systolic blood pressure dropped
to 70 mmHg. An anaphylactic reaction to LMWD was suspected;
therefore, intravenous fluid therapy and concomitant intravenous
antihistamines (chlorpheniramine 5 mg and famotidine 20 mg) and
corticosteroids (hydrocortisone 100 mg) were administered imme-
diately. However, he complained of chest discomfort, and subse-
quent CAG revealed a newly developed luminal narrowing of the
proximal LCx (Figure 2D). Angioplasty of the proximal LCx with a
2.0 mm compliant balloon improved the coronary flow.

Sixteen days

before

Primary percutaneous coronary intervention (PCI)

for acute ST-segment elevation myocardial

infarction of the proximal left ascending artery

(LAD) was performed.

0:00, a

staged-PCI

started

A staged PCI of the mid-left circumflex artery (LCx)

was performed. Coronary angiogram (CAG) prior

to PCI showed no abnormal findings in the LAD

stents.

0:37, Type-2

KS

Optical coherence tomography using

low-molecular-weight dextran was first performed.

0:38, allergic

reaction

Erythematous rash with generalised pruritus was

confirmed, and his blood pressure dropped to

70 mmHg.

0:44, chest pain The patient complained of chest discomfort, and

CAG revealed newly developed luminal narrowing

of the proximal LCx.

1:02, Type-1

KS

CAG showed a totally occluded non-atherosclerotic

right coronary artery (RCA). Multiple nitrate

injections into the RCA improved its coronary flow.

1:22, Type-3

KS

CAG and intravascular ultrasound showed acute

in-stent thrombus occlusion both in the LCx and

diagonal branch. Balloon angioplasty under

intra-aortic balloon pumping (IABP) support

improved the coronary artery flow.

3:00, final CAG Final CAG confirmed optimal coronary flow in all

coronary arteries.

Day 1 IABP was removed.

Day 11 The patient was discharged without any disabilities.

One year later No further cardiovascular events had occurred.
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Intravenous ultrasound (IVUS) confirmed a newly developed intra-
coronary thrombus due to plaque erosion in the proximal LCx.
This suggested KS Type-2 (Figure 2E and F). Despite a significant im-
provement in the LCx flow, his electrocardiogram showed
ST-segment elevation in the inferior leads. Coronary angiogram
through the right FA confirmed a totally occluded non-
atherosclerotic right coronary artery (RCA). Multiple nitrate

injections to the RCA improved coronary flow. This suggested KS
Type-1 (Figure 3). After 20 min, his electrocardiogram showed
ST-segment elevation in the lateral leads. Coronary angiogram re-
vealed acute in-stent occlusion of the LCx and diagonal branch, as
well as a hazy appearance in the LAD stent, for which additional
IVUS-guided PCI was performed (Figure 4A–4D). Intravenous ultra-
sound confirmed multiple thrombi formation inside the stents,

Figure 1 (A) Electrocardiogram showing ST-segment elevation in the anterior leads. Coronary angiograms: (B) initial, (a white arrow indicates the
culprit lesion), (C ) post-stenting using two everolimus-eluting stents (EESs), (D) final.

Figure 2 Coronary angiogram: (A) pre-percutaneous coronary intervention for the mid-left circumflex artery (LCx) stenosis (dotted line), (B)
stent implantation, (C ) optical coherence tomography using low-molecular-weight dextran, (D) newly developed luminal narrowing of the proximal
LCx. (E) Intravascular ultrasounds suggesting coronary thrombus without plaque rupture (arrowheads). (F ) Coronary angiogram post-improved
LCx flow.
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suggestive of KS Type-3. (Figure 4E). Intra-aortic balloon pumping
(IABP) was immediately initiated to stabilize the haemodynamics
and improve the coronary flow. Despite the adequately controlled
activated clotting time (.250 s), the in-stent thrombi progressed
over time. Considering the possibility of heparin-induced thrombo-
cytopenia (HIT), the anticoagulant agent used during PCI was
switched from unfractionated heparin to argatroban (a direct throm-
bin inhibitor) as per Japanese guidelines (whereas bivalirudin or other
anticoagulants such as glycoprotein IIB-IIIA inhibitors should be used

in Europe).4,5 Following thromboaspiration performed using an as-
piration device (Thrombuster III GR; Kaneka, Osaka, Japan) and bal-
loon angioplasty with perfusion balloons (Ryusei; Kaneka, Osaka,
Japan), the coronary flow had adequately improved (Figure 4F–4H).
Laboratory blood test results after the KS event reflected myocardial
damage (maximal CK/CK-MB levels were 1843 IU/L and 217 IU/L,
respectively), notable inflammation [maximal C-reactive protein level
was 15.1 mg/dL (reference range, ,0.3 mg/dL) and white blood cell
counts increased to 32 200/µL (reference range, 4000–9000/µL),

Figure 3 (A) Electrocardiogram showing ST-segment elevation in the inferior leads (arrows). Coronary angiogram: (B) a totally occluded right
coronary artery (RCA) (a white arrow), (C ) post-improved RCA flow after multiple nitrate infusions.

Figure 4 (A) Electrocardiogram showing ST-segment elevation in the lateral leads (arrows). Coronary angiogram: (B) acute in-stent occlusion
(dotted line), (C ) subacute in-stent occlusion (dotted line), (D) a hazy appearance of the left anterior descending artery (LAD) stent. (E)
Intravascular ultrasound shows a stent thrombus in the LAD (arrowheads). (F, G) Angioplasty with perfusion balloons. (H ) Final coronary angiogram.

4 H. Yamamoto et al.



with eosinophils at 1545/µL (reference range,,500/µL), monocytes
at 2898/µL (reference range,,800/µL), and basophils at 966/µL (ref-
erence range, ,300/µL)], and thrombocytosis [platelet count in-
creased to 40.8× 104/μL from 28.3× 104/μL (reference range,
15–35× 104/μL)]. The P2Y12 reaction units (PRUs) measured by
the VerifyNow assay during the KS event had a low value of 199
(therapeutic range ,220). Additional blood examinations ruled
out coagulation disorders, including HIT. The drug-induced lympho-
cyte stimulation test did not reveal the precise allergic cause. The
IABP was successfully removed the following day. Although the total
contrast amount used in the staged PCI and KS event was 90 mL, his
renal function did not worsen (creatinine level of 1.21 mg/dL, and
eGFR of 47.1mL/min/1.73 m2). The patient was discharged without
any complications 11 days post-KS, under a 7-day anti-histamine regi-
men. No further cardiovascular events had occurred by 1-year
follow-up.

Discussion
Kounis syndrome is an allergy-related ACS, caused by mast cell de-
granulation and release of inflammatory mediators.1,6 Although mul-
tiple KS variants can theoretically occur simultaneously, such a
phenomenon has not been reported. This case is the first to docu-
ment the clinical course of KS wherein all variants occurred sequen-
tially within a short interval during PCI. Most KS cases reportedly
occur within an hour of allergen exposure.4 Based on this character-
istic, the LMWD was the most likely trigger of KS in this case.
Low-molecular-weight dextran has been used in OCT-guided PCI
as an alternate contrast agent for removing blood during OCT.7

The incidence of dextran-induced anaphylactoid reactions is report-
edly low (0.6%), and KS ensuing during OCT while using LMWD is
extremely rare.8–10 In this case, multiple KS variants occurred within
45 min of anaphylaxis. First, the immediate local reaction caused by
direct exposure to LMWD led to coronary spasm and thrombus for-
mation in the target artery. Subsequently, remarkable inflammation
and thrombocytosis after the KS were observed, which suggested
that the systemic reaction due to inflammation and platelet hyper-
activity might be associated with coronary spasm or stent thrombus
in all coronary arteries.6 Low-molecular-weight dextran-related KS
rarely occurs; however, interventionalists should be cognizant of
the fact that direct infusion of allergens into the coronary artery
can result in the development of multiple KS variants.

The haemodynamic instability in KS is hypothesized to be due to
anaphylactic shock with extensive peripheral vasodilation and result-
ing redistribution. Furthermore, myocardial hypoperfusion with or
without myocardial suppression may ensue, potentially leading to
cardiogenic shock.11,12 Therefore, the therapeutic goals for KS are
both to suppress anaphylaxis and to improve coronary flow. In all
KS variants, the management of anaphylaxis should be performed im-
mediately. H1/H2-antihistaminic drugs and corticosteroids can ef-
fectively suppress histamine-related allergic reactions and
inflammation due to mast cells, respectively.6 Rapid administration
of intravenous fluid therapy and careful usage of intramuscular or
intravenous epinephrine are recommended to stabilize the haemo-
dynamic status. Although PCI is effective against both Type-2 and
Type-3 KS variants, additional thrombi-related complications due

to activated platelet aggregation should be avoided. In our case, acute
and subacute stent thrombosis were successfully treated with bal-
loon angioplasty under IABP support. Furthermore, Type-3 KS was
reportedly associated with late stent thrombosis in older stents
with uncovered struts or evaginations.13 Thus, KS-induced platelet
aggregation can cause stent thrombosis in both newly implanted
stents and old stents with poor healing. Additional stent implantation
needs to be avoided in such settings, and immediate mechanical cir-
culatory support can be effective to stabilize the haemodynamics in
KS-related thrombi. Low-dose prasugrel (3.75 mg/day) was used as a
component of dual-antiplatelet therapy in this case. Recent studies
suggested that low-dose prasugrel might not be sufficiently effective
for thrombogenic complications compared with standard-dose clo-
pidogrel (75 mg/day) even in East Asian populations.14,15 Although
PRU in this case showed adequate suppression of platelet aggrega-
tion, low-dose prasugrel might not prevent KS-related thrombogenic
events. We should keep in mind that KS can lead to serious coronary
events, especially in cases wherein multiple stents are implanted, and
early recognition and appropriate management of KS during PCI are
needed to avoid further vascular morbidity.
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