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Abstract:

A 61-year-old man with essential thrombocythemia (ET) presented with acute myocardial infarction (AMI)
and underwent primary percutaneous coronary intervention. After stent deployment from the left main (LM)
to the left anterior descending artery, intravascular ultrasound revealed thrombi formation in the whole stent.
Two days later, optical frequency domain imaging confirmed stent malapposition and thrombi remaining in
only the LM. The stent malapposition and ET might have contributed to this phenomenon. He underwent an
additional stent expansion and aggressive anti-thrombotic regimen. AMI complicated with ET carries in-
creased risks of in-stent thrombi formation and requires careful revascularization and aggressive pharmaco-

therapy.
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Introduction

Essential thrombocythemia (ET) is a chronic myeloprolif-
erative neoplasm of unknown cause characterized by an in-
creased number of platelets. The disease provokes thrombo-
sis and hemorrhaging as typical complications. The compli-
cation of thrombosis in particular affects the prognosis of
patients with ET. Treatment strategies for ET are stratified
by age, the number of platelets and the history of thrombo-
sis and hemorrhaging. In general, anagrelide and hydroxy-
carbamide are effective in cases at a high risk of thrombosis.

Some cases of acute coronary syndrome (ACS) related to
ET have been reported. However, treatment strategies for
ACS with ET have not been sufficiently established. We
herein report our experience of a case of acute myocardial
infarction (AMI) complicated with in-stent massive thrombi

formation, probably due to stent malapposition and ET. In
addition, based on the present experience, we discuss strate-
gies of primary percutaneous coronary intervention (PCI)
and drug therapies after primary PCL

Case Report

A 6l-year-old man presented with acute onset of chest
pain at rest. He called an ambulance and suffered cardiopul-
monary arrest in the ambulance. He was transferred to our
emergency department after successful defibrillation. He had
a medical history of ET and had been treated with anagre-
lide 2 mg and clopidogrel 75 mg per day. His coronary risk
factors were hypertension and dyslipidemia.

On an initial examination, his blood pressure was 162/98
mmHg, and his pulse rate was 105 bpm. A physical exami-
nation showed a regular heart rhythm with no murmurs,
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Figure 1.

Findings of initial and post-reperfusion CAG. Initial and post-reperfusion CAG findings

are shown. The right coronary artery (A, B) and left circumflex coronary artery had no severe steno-

sis. There was total occlusion from the LAD ostium (C, D, E). Initial CAG after recanalization showed
thrombolysis in myocardial infarction (TIMI) grade II flow in the LAD (F).

rough respiratory sounds in both lungs, and no edema in the
lower extremities. Laboratory tests were almost normal ex-
cept for leukocytosis and thrombocytosis (white blood cells:
14,470/uL, platelets: 86.3x10*/uL). Electrocardiography
showed ST-segment elevation in the VI to V4 leads.
Transthoracic echocardiography revealed severe hypokinesis
in the anteroseptal wall. Emergency coronary angiography
(CAG) showed total occlusion in only the proximal left an-
terior descending artery (LAD) and no significant stenosis in
other coronary arteries (Fig. 1A-E).

After administration of oral aspirin 200 mg and intrave-
nous heparin (total dose: 8,000 U), he underwent primary
PCI. An intra-aortic balloon pump (IABP) was inserted via
the right femoral artery, and a 7-Fr guiding catheter was ad-
vanced through the left radial artery to the left coronary ar-
tery ostium. A guidewire was successfully crossed into the
diagonal branch distal to the occlusion, and initial recanali-
zation was achieved by an aspiration thrombectomy catheter.
Angiography showed thrombolysis in myocardial infarction
(TIMI) grade II flow in the LAD (Fig. 1F). After advancing
another guidewire to the LAD, intravascular ultrasound
(IVUS) revealed diffuse plaque and considerable thrombi
formation from the left main (LM) to the LAD. After pre-
dilatation with a 2.5x13-mm balloon, a 4.0x24-mm drug-
eluting stent (DES) was deployed from the LM to the LAD.
Post-dilatation with a 3.5x12-mm balloon to the LAD and a
4.5%6.0-mm balloon to the LM was performed. Finally, an-
other guidewire was re-crossed via the strut of the main
branch stent to the left circumflex (LCX), and the stent strut
was dilated from the LM to the LCX by a 3.0x4.0-mm bal-
loon.

However, CAG revealed multiple dye defects in the

stented lesion (Fig. 2A-C). Repeated IVUS revealed signifi-
cant thrombi formation in the whole stent (Fig. 2D and E),
although the activated clotting time (ACT) was sufficiently
prolonged to 240 seconds. Argatroban and prasugrel 20 mg
were immediately administered due to apprehension of
heparin-induced thrombocytopenia (HIT) or clopidogrel re-
sistance, and aspiration thrombectomy was repeatedly per-
formed. Given the final IVUS findings of reduced thrombi
in the stent and no obvious stent malapposition, we finished
the primary PCI procedure (Fig. 2H and I).

After being transferred to the intensive-care unit, the pa-
tient continued to receive dual anti-platelet therapy (DAPT)
with aspirin 100 mg and prasugrel 3.75 mg. In addition,
ACT and activated partial thromboplastin time (APTT) were
controlled with argatroban infusion (180 seconds < ACT
<220 seconds or 1.5-3.0 times the reference value APTT)
while TABP support was also provided. The peak creatine
phosphokinase (CPK) level was 4,525 TU/L.

Two days after primary PCI (Day 3), CAG showed no ap-
parent thrombi in the stent and moderate stenosis near the
stent distal edge. Optical frequency domain imaging (OFDI)
showed intimal dissection with thrombus near the stent dis-
tal edge and no thrombi in the LAD but revealed that in-
stent thrombi and incomplete stent apposition still remained
in the LM (Fig. 3A-C). Aspiration thrombectomy, intracoro-
nary thrombolysis with urokinase (60,000 U) and additional
stent expansion with a 5.0x6.0-mm balloon were performed.
However, newer thrombi formation appeared in the guiding
catheter during the procedure (Fig. 3E). Therefore, we de-
cided to discontinue further PCI procedures for the moderate
stenosis near the stent distal edge because of procedure-
related risks of thrombi formation.
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Figure 2. Findings of CAG and IVUS immediately after deploying a DES at primary PCI. CAG
immediately after deploying a DES revealed a lot of defects in the stent (A, B, C). IVUS showed mul-
tiple thrombi in the whole stent and near the stent distal edge (D, E, F white arrow). Figure G is an
enlarged version of Fig. B. The arrowheads of D, E, and F in Fig. G indicate the points of the IVUS
images of Fig. D, E, and F. Final CAG revealed a reduction of thrombi in the stented lesion and
thrombolysis in myocardial infarction (TIMI) grade III flow in the LAD (H, I).

A further examination for excessive thrombophilia indi-
cated no coagulopathy, including HIT. The dosage of ana-
grelide was increased from 2 to 3 mg, and apixaban 10 mg
was added as an anti-coagulant drug. Platelet function test-
ing showed that the effects of aspirin and prasugrel were in
the therapeutic range. He had no additional thromboem-
bolism or cardiovascular events during hospitalization and
was discharged with a platelet count of 40.6x10%uL. The
administration of apixaban was ended after three months be-
cause follow-up CAG revealed no restenosis, and the platelet
count was able to be controlled within the normal range.
CAG after nine months showed no in-stent restenosis and
regression of the moderate stenosis in the mid-LAD
(Fig. 4A-C). OFDI showed that the stent was completely
covered with neointima over the full length, and the intimal
dissection in the mid LAD was completely healed
(Fig. 4D-F).

Discussion

We experienced a case of AMI with ET that presented
with massive in-stent thrombi formation in the culprit lesion.
Our findings suggested that the primary causes of thrombi
formation were the thrombophilia predisposition based on

ET and the stent malapposition of the LM. We will now dis-
cuss potential drug treatments after PCI and strategies of
primary PCI for cases of AMI with ET.

ET is a clonal disorder of multipotential stem cells and
characterized by an absolute increase in the platelet count
and an increase in vascular complications. Thrombosis is a
major complication of ET and worsens the life expectancy
of the patient (1). ACS is also a thrombotic complication of
ET, and the incidence of MI in patients with ET was re-
ported to be 9.4% (2). Even young patients with ET devel-
oped ACS in some cases (3, 4), and ET might also be a risk
factor of ACS. Treatment strategies for ACS with ET have
not been fully established yet. Primary PCI (4-8), percutane-
ous transluminal coronary recanalization (9) and coronary
artery bypass grafting (10) were previously reported as
methods of revascularization. When AMI patients with ET
present with massive thrombi in the culprit coronary lesions,
aspiration thrombectomy or intracoronary thrombolysis with-
out stent deployment might be optimal strategies for revas-
cularization. In cases with underlying atherosclerotic plaque
in the culprit lesions, additional balloon angioplasty or stent
deployment should also be considered.

An underlying abnormal status of coagulation and fibri-
nolysis, such as HIT or anti-phospholipid antibody syn-
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Figure 3. Findings of CAG and OFDI 2 days later after primary PCI. We performed CAG and
OFDI two days after primary PCL In OFDI, we noted remnant thrombi (A, white arrow) and incom-

plete stent apposition in the LM (A, yellow arrow) and no thrombi and complete apposition in the

LAD (B). Intimal dissection and thrombi were observed near the stent distal edge (C). The arrow-
heads of A, B, and C in Fig. D showed points of OFDI views of Fig. A, B, and C. The thrombus was
retrieved using an aspiration catheter from the coronary artery (E, arrowhead) and guiding catheter

(E, small arrow).

drome, might accelerate thrombi formation in the stented
site. Some ACS patients with ET developed sub-acute
thrombosis (SAT) after stent deployment. Possible reasons
for SAT development were withdrawal of anti-platelet drugs
because of bleeding complications in the puncture site (11)
or the absence of cytoreductive drugs because of occult
ET (12).

Adequate anti-platelet therapy for preventing thrombotic
events and cytoreduction therapy for controlling platelet
count play key roles in treating ET. Low-dose aspirin was
recommended for preventing thrombotic events in ET
cases (13, 14). Although DAPT was also established after
stent-based PCI for ACS or stable coronary artery disease,
appropriate anti-platelet therapy after stent deployment for
ACS patients with ET has not been established. Some re-
ports describe the combination of aspirin and thienopyri-
dines as the usual DAPT administered after PCI for ACS
with ET, with these patients showing no major cardiac com-
plications.

In the present patient, we considered the additional ad-
ministration of other platelet P2Y,, inhibitors at loading
doses, as clopidogrel resistance was suspected immediately
after we confirmed significant thrombi formation in the
whole stent by IVUS. It was reported that prasugrel and ti-
cagrelor reduced the rate of MI or stent thrombosis (ST)

compared with clopidogrel (15, 16). The PRAGUE-18 trial
reported that the primary endpoint (i.e., death, reinfarction,
urgent vessel revascularization or serious bleeding) did not
show any significant differences between ticagrelor and pra-
sugrel (17). However, prasugrel and ticagrelor tended to in-
crease the rate of major bleeding compared with clopidogrel.
Based on these reports, if clopidogrel resistance is sus-
pected, we suggest that prasugrel or ticagrelor at a loading
dose be actively administered. Because it was reported that
ticagrelor exhibited an antiplatelet effect earlier than pra-
sugrel, ticagrelor at a loading dose might be suitable in
cases of ST, such as in the present patient.

In our patient, an anticoagulant drug was administered in
addition to DAPT after the second PCI in order to prevent
stent thrombosis. We considered this anticoagulant drug to
be effective because it exerted its antiplatelet action by sup-
pressing thrombin generation. In ET cases complicated with
recurrent thrombotic events (brachial artery occlusion) after
PCI, warfarin in addition to DAPT and cytoreduction ther-
apy was administered in order to prevent repeat thrombo-
sis (18). The European Society of Cardiology stated that tri-
ple therapy with aspirin, clopidogrel and an anticoagulant
drug should be considered in patients with a high ischemic
risk due to ACS or other anatomical/procedure characteris-
tics that outweigh the bleeding risk (19). Warfarin, in com-
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Figure 4.

Findings of follow-up CAG and OFDI nine months later. Follow-up CAG nine months

later revealed no in-stent restenosis. In addition, the moderate stenosis in the mid LAD had improved
(A, B, C). OFDI showed that the stent was completely covered with neointima over the full length with
no thrombi from the LM to the LAD. (D, E, F). The arrowheads of D, E, and F in Fig. G showed points

of OFDI views of Fig. D, E, and F.

bination with aspirin or given alone, was superior to aspirin
alone in reducing death or nonfatal reinfarction after
MI (20). Furthermore, rivaroxaban (2.5 mg twice daily) plus
aspirin had better cardiovascular outcomes than aspirin alone
among patients with stable atherosclerotic vascular dis-
ease (21). However, these reports showed that the additional
administration of warfarin or rivaroxaban increased the risk
of major bleeding than aspirin alone. At present, two types
of anticoagulants-vitamin K antagonists (VKAs) and direct
oral anticoagulants (DOACs)-are available, and DOACs have
been shown to be superior to VKAs in preventing bleeding
complications (19). In cases with ST, we suggest that an an-
ticoagulant in addition to DAPT is effective in terms of pre-
venting reinfarction after MI, but patients must be closely
monitored for complications of major bleeding. The present
patient suffered neither ischemic events nor major bleeding
complications during the triple therapy regimen.

Generally, thrombolytic therapy with or without PCI is
not recommended for cases of ACS other than ST-elevated
myocardial infarction, even if thrombus is involved (22, 23).
In the case of platelet-based thrombus, thrombolytic therapy
promotes the activity of platelets. For cases that show mas-
sive thrombosis in coronary arteries, the use of platelet
membrane glycoprotein (GP) IIb/Illa inhibitors is recom-
mended in other countries. However, because the effective-

ness was not proven in the trial of GP IIb/IIIa inhibitors, no
GP IIb/Illa inhibitors are currently available in Japan (24).
Systemic thrombolytic therapy has been reported to be ef-
fective for early coronary stent thrombosis (25). We there-
fore decided to administer a small amount of urokinase on
the premise of performing PCI. However, it was difficult to
determine whether or not thrombolytic therapy produced
good outcomes in the present case. Because no GP IIb/IIla
inhibitors are currently available in Japan, it may be neces-
sary to consider systemic thrombolytic therapy, such as
urokinase or tissue plasminogen activator (t-PA), depending
on the patient. Therefore, further evidence concerning
thrombolytic therapy in patients with ST is desired.

It is also important to control the platelet count in patients
who present with thromboembolism related to ET. Reducing
the number of platelets is a particularly important treatment
target in high-risk ET cases in order to prevent thrombus or
hemorrhagic events, which may lead to serious outcomes. At
present, anagrelide is approved for the treatment of ET or
chronic myelogenous leukemia (26). It was reported that the
main mechanism of action of thrombocytopenia is the sup-
pression of platelet production by selectively acting on
megakaryocytes, a precursor of platelets. The target platelet
count using cytoreduction therapy is uncertain for throm-
boembolism related to ET after PCI. According to the Brit-
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ish Society for Haematology guideline, the treatment target
of platelet count should be <40x10*uL in high-risk patients
(>60 years of age, ET-related thrombotic or hemorrhagic
event, or a platelet count of >150x10"/uL) (27). In our case,
the platelet count was successfully controlled by increasing
the anagrelide dosage.

Incomplete stent apposition to the culprit vessel wall may
be a major cause of thrombus formation. In our case, stent
malapposition that was not detected by the initial IVUS sur-
vey might have contributed to the massive thrombi forma-
tion. However, OFDI revealed that the stent had been suc-
cessfully implanted in the LAD with complete strut apposi-
tion, and stent apposition was incomplete only in the LM.
We believed that the stent deployed in primary PCI was not
crimped to the vessel wall of the LM due to the large
amount of thrombi. Furthermore, we were able to detect
stent malapposition by OFDI two days after primary PCI
because the thrombus attached to the LM disappeared fol-
lowing the administration of DAPT and an anticoagulant
drug. Given these findings, we suggested that LM stent
malapposition was a major factor influencing thrombi for-
mation throughout the stented lesion in the first PCI proce-
dure.

Primary stenting is an established revascularization strat-
egy of PCI for ACS. However, we must consider the PCI
strategy carefully, as stent deployment in the acute phase in
ET cases carries a risk of SAT. If it seems that TIMI III can
be obtained by aspiration thrombectomy or balloon expan-
sion, it may be preferable to perform drug therapies or
IABP without stent deployment. However, stent deployment
is often necessary in clinical practice due to dissection by
balloon expansion and massive thrombi. We therefore sug-
gest that the minimum lumen area inside the stent must first
be obtained by balloon expansion. In addition, it may be
necessary to confirm complete stent apposition by OFDI or
optical coherence tomography (OCT), which can assess the
vascular wall more clearly than conventional IVUS.

According to previous reports regarding unstable angina,
DAPT and cytoreductive drugs were administered before
performing PCI, and PCI was then performed without com-
plications such as distal embolization and SAT (18, 28). Un-
der stable conditions, sufficient drug therapy should precede
PCI, whereas under unstable conditions, stent-less PCI
might be preferable as a revascularization strategy among
ACS patients with ET. When deploying a stent in cases of
ACS with high platelet counts or a large amount of thrombi
in the culprit lesion due to ET, we should carefully perform
PCI in order to ensure complete stent apposition and con-
sider an aggressive anti-thrombotic therapy, such as triple
therapy including an anticoagulant drug.

Conclusion

We encountered a case of AMI with ET that presented
with massive in-stent thrombi formation in the culprit lesion.
Appropriate stent apposition and aggressive medication com-
bined with anti-thrombotic regimen and cytoreductive drugs

contributed to good clinical outcomes in this patient.

The authors state that they have no Conflict of Interest (COI).
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