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CLINICAL CHALLENGES IN THE PREVENTION AND TREATMENT
OF LATE AND VERY LATE STENT THROMBOSIS
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The occurrence of late and very late thrombotic complications in association with 
drug-eluting stents (DES) has recently garnered much attention, but these complica-
tions are also associated with bare-metal stents (BMS). Predisposing factors for BMS
thrombosis, both early and late, include noncompliance with antiplatelet agents, an
exercise-induced procoagulant state, brachytherapy, small stent size, underdeployment
of the stent, depressed left ventricular ejection fraction, and impaired response to
antiplatelet therapy. Independent predictors of DES thrombosis include premature
interruption of antiplatelet therapy, primary stenting in acute myocardial infarction,
total stent length, and renal failure. Prevention depends on applying an optimal stent
deployment technique at the time of the index percutaneous coronary intervention
(PCI), compliance with dual antiplatelet therapy, and extending antiplatelet therapy
beyond current package insert recommendations. In patients who develop late stent
thrombosis, efforts to achieve rapid normalization of coronary blood flow with PCI 
are mandatory.
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Coronary stents are accepted as effective treatment for acute vessel closure
during percutaneous coronary intervention (PCI) and as an effective
method for decreasing the rate of restenosis as compared with balloon

angioplasty alone. Thrombotic complications following coronary stent place-
ment have been appreciated since stents were commercialized in 1999. Never-
theless, these infrequent adverse events were an acceptable trade-off compared
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with the 2% to 6% incidence of
abrupt vessel closure that followed
balloon angioplasty alone. The rela-
tively high incidence (�6%) of late
stent thrombosis (LST) following
coronary artery brachytherapy for
in-stent restenosis, particularly in pa-
tients receiving additional stents, fo-
cused attention on this important
clinical issue.1 The mechanism of
brachytherapy-induced LST is be-
lieved to be secondary to delayed in-
timal healing and re-endothelializa-
tion. Understanding the similarities
and differences of LST in bare-metal
stents (BMS) and drug-eluting stents
(DES) may allow refinement in the
management strategies employed to
prevent and treat this life-threaten-
ing complication of coronary artery
stent placement.

Bare-Metal Stents
The occurrence of late and very late
thrombotic complications in associa-
tion with DES has recently garnered
much attention and is recognized as
a “hot button” clinical issue. How-
ever, the fact that this complication
is also associated with BMS has
largely been underappreciated.

Important observations by Farb
and colleagues2 provide us with key
insights into the pathological mecha-
nisms of LST in 13 bare-metal fatal
stent thrombosis cases from a registry
of human coronary stents. Twelve of
the 13 cases demonstrated a failure to
form a completely healed neointimal
layer over the stent struts. Five cases
were associated with stenting across
the ostia of major side branches; 2
cases were associated with plaque dis-
ruption in the non-stented segment
within 2 mm of the stent margin
(zone of injury); 2 cases involved
stenting of markedly necrotic, lipid-
rich plaques with extensive plaque
prolapse through the stent struts; and
1 case followed diffuse in-stent
restenosis (Figure 1).

Based on these findings, Farb and
colleagues2 have proposed a variety
of mechanisms of bare-metal LST, all
of which involve delayed or im-
paired neointimal healing (Figure 2).
Late-acquired stent malapposition
was felt to be a possible underlying
factor in LST and was observed in
about 5% of patients following treat-
ment with BMS. This phenomenon
has not been associated with any
major cardiac events during long-
term follow-up.3

Wang and colleagues4 reported a
0.76% incidence of late (bare-metal)
stent thrombosis occurring between
31 days and 365 days following im-
plantation. They demonstrated that
the predisposing factors of subacute
thrombosis differ from those of late
thrombosis. Compared with patients
who developed LST, patients who de-
veloped subacute thrombosis had
smaller final balloon size and stent
diameter. These authors have there-
fore suggested that, in contrast to
subacute thrombosis, which is prob-
ably related to suboptimal stent de-
ployment, LST is related to inade-
quate late re-endothelialization,
residual thrombus, and/or persistent
intimal tears adjacent to the stented
segment.4

In an analysis of 6058 patients
who were followed after BMS im-
plantation between 1995 and 2003,
25% of patients who developed stent
thrombosis did so more than 30 days
following the stent procedure.5 The
development of LST resulted in my-
ocardial necrosis (measured by the
release of creatinine kinase in 81% of
patients) and a reduction of left ven-
tricular ejection fraction from 0.54
before LST to 0.48 following LST.
Emergency PCI was successful in
91% of these patients and was com-
plicated by death in only 2%. How-
ever, these patients remained at high
risk for subsequent adverse events,
with 6-month rates of mortality,

reinfarction, and recurrent stent
thrombosis of 11%, 16%, and 12%,
respectively. BMS thrombosis oc-
curred an average of 8 days after the
index procedure and ranged from
0 days to 639 days post–stent
deployment (Figure 3).

Overall, 70% of patients received
both aspirin and a thienopyridine at
the time of stent thrombosis. The
study does not comment specifically
on the dose of aspirin and the type
of thienopyridine used for those pa-
tients who developed LST and very
late stent thrombosis (VLST). Multi-
variate analysis demonstrated that
the achievement of Thrombolysis In
Myocardial Infarction (TIMI) 3 flow
and of a diameter stenosis less than
50% following treatment for stent
thrombosis were associated with de-
creased mortality. In this same multi-
variate analysis, only the use of ad-
junctive periprocedural abciximab
was associated with a decreased risk
of recurrent stent thrombosis. 
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Figure 1. Postmortem radiography (A) shows a
MULTI-LINK® stent crossing the ostium of the LOM
branch. An occlusive, platelet-rich thrombus (indi-
cated by t) at the ostium of the LOM is shown in a
low-power view (B) and a high-power view (C; box in
B). Stent struts across the ostium (C, indicated by *)
are not covered by neointima. Struts in contact with
the LCX plaque are covered with alternating layers of
neointima and fibrin (B, indicated by black arrow). A
deeper section (D) demonstrates in-stent restenosis, a
neointima with layered fibrin overlying the LOM os-
tium (indicated by white arrow), and an occlusive lu-
minal thrombus. (B, C, and D images are shown in
Movat pentachrome; scale bars are 0.36 mm in B and
D, and 0.18 mm in C). LOM, left obtuse marginal;
LCX, left circumflex artery. Reprinted with permission
from Farb A et al.2 www.medreviews.com
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Predisposing factors for BMS
thrombosis, both early and late, in-
clude noncompliance with an-
tiplatelet agents,6 an exercise-induced
procoagulant state,7 brachytherapy,8

small stent size, underdeployment of
the stent,9 depressed left ventricular
ejection fraction, and impaired re-
sponse to antiplatelet therapy.10,11

In summary, factors that con-
tribute to bare-metal stent thrombo-
sis can be placed into 3 categories:
stent thrombogenicity, patient/
lesion-related factors, and procedure-
related factors (Figure 4). Character-
istics of stents that may affect throm-
bogenicity include the type of alloy,
the design, and the surface coatings.
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Figure 2. Diagram depicting a postulated pathological mechanism of late stent thrombosis: the association of bare-metal stents with impaired neointimal healing. Reprinted
with permission from Farb A et al.2
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Figure 3. Incidence of bare-metal stent thrombosis after percutaneous coronary intervention (PCI) occurring within 30
days (red) and after 30 days (green). Reprinted with permission from Wenaweser P et al.5
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Patient/lesion characteristics include
the acuity of clinical presentation,
vessel diameter and length, plaque
characteristics, level of systemic
coagulation activity, and ejection
fraction. Procedure-related charac-
teristics include the presence of dis-
section, especially at the edges of
the stent, stent apposition to the
vessel wall, and presence of throm-
bus and tissue protrusion through
the stent struts.12

Drug-Eluting Stents
In an important study examining
healing and late thrombotic risk as-
sociated with DES and BMS, Joner
and colleagues13 found that both
sirolimus-eluting stents and pacli-
taxel-eluting stents were associated
with delayed healing characterized
by persistent fibrin deposition and
reduced re-endothelialization com-
pared with BMS (Figure 5). Follow-up
to more than 40 months following
PCI demonstrated a marked reduc-
tion in the index of endothelializa-
tion with DES compared with BMS.

In addition, the DES-treated pa-
tients who suffered LST had evidence
of more delayed healing compared
with DES patients with patent stents.
Risk factors for LST included the
presence of local inflammation or
hypersensitivity reaction, ostial and

bifurcation stenting, stent strut
malapposition/incomplete apposi-
tion, restenosis, and strut penetration
into a necrotic core. It would appear
then that the pathophysiology of
late (31 days to 360 days following
DES placement) and very late (361
days to 1440 days following place-
ment) DES thrombosis is related to
incomplete neointimal formation on
the deployed stent, which has direct
implications for recommendations
regarding the duration of dual an-
tiplatelet therapy. 

In a study of 1911 consecutive pa-
tients undergoing DES deployment
(sirolimus-eluting in 1545 patients
and paclitaxel-eluting in 366 pa-
tients) who were followed for a mean
of 19.4 months, the observed inci-
dence of late thrombosis was 0.6%, a
rate similar to prior observations of
BMS.14 Independent predictors of DES
thrombosis in this study included
premature interruption of antiplatelet
therapy, primary stenting in acute
myocardial infarction, total stent
length, and renal failure (Table 1).

In the Sirolimus-Eluting Stent in
de Novo Native Coronary Lesions

Stent Thrombogenicity
Material
Designs

(open vs closed cell)
Surface coating

Adjunctive therapies
(drug, radiation)

Bio-
compatibility

Patient/Lesion Factors
Vessel size, Lesion length
Acute coronary syndrome

Plaque characteristics
Intrinsic platelet/

coagulation activity
Ejection fraction/
Congestive heart

failure
Blood Flow

Procedure-Related Factors
Morphometric and/or morphologic abnormalities

(under-expansion/dissection, incomplete
apposition, thrombus, tissue protrusion)

Mechanical vessel injury
Antithrombotic therapy

Multiple stents
Stent length

Figure 4. Factors contributing to stent thrombosis: bare-metal stent era. Adapted with permission from Honda 
Y and Fitzgerald PJ,25 and Kereiakes DJ et al.12
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Figure 5. Comparison of healing timeline by percentage of endothelialization: drug-eluting stents (DES) versus
bare-metal stents (BMS). Reprinted with permission from Joner M et al.13
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(SIRIUS) trial, no differences in mor-
tality or myocardial infarction were
observed between sirolimus-eluting
stents and BMS within the first 1 to
2 years following PCI.15 In a “real
world” registry experience of DES (in-
cluding “off-label” use of DES), the
overall rate of stent thrombosis was
higher compared with that of clinical
trial experience.16 Although prema-
ture antiplatelet therapy discontinua-
tion, renal failure, bifurcation lesions,
diabetes, left ventricular dysfunction,
and stent length were independent
predictors of subacute stent thrombo-
sis on univariate analysis, only pre-
mature discontinuation of an-
tiplatelet therapy, bifurcation lesion
treatment, and left ventricular dys-
function remained independent pre-
dictors of LST on multivariate analy-
sis. “Crush” bifurcation stenting was
also predictive of LST, with rates ap-
proaching 5%. An additional concern
raised by this study was a 4-fold in-
crease in the incidence of LST in pa-
tients treated with multiple pacli-
taxel-eluting stents (4.0%) versus
sirolimus-eluting stents (0.9%) for
bifurcation disease, although this dif-

ference did not achieve statistical sig-
nificance (P � .39).

One hypothesis suggests that as-
pirin resistance and persistent
adenosine diphosphate–induced
platelet aggregation may be related
to the occurrence of late thrombotic
events in patients undergoing stent
implantation. In the prospective
Platelet Reactivity in Patients And
Recurrent Events Post-Stenting (PRE-
PARE POST-STENTING) study, 192

consecutive patients underwent elec-
tive stenting with 6-month follow-
up. Gurbel and colleagues17 demon-
strated a higher rate of recurrent
ischemia in patients within the
highest quartile of adenosine
diphosphate–induced platelet aggre-
gation as compared with patients
within the lowest quartile. Higher
loading doses of clopidogrel have re-
duced, though not eliminated, the
incidence of platelet resistance, and

marked interindividual variability in
clopidogrel response persists. 

Incomplete neointimal formation
following DES implantation may be
responsible for the late thrombotic
events observed in the Basel Stent
Kosten-Effektivitats Trial-Late Throm-
botic Events (BASKET-LATE) experi-
ence.18 Pfisterer and colleagues con-
tinued to follow 746 patients from
the original BASKET trial who under-
went stent placement (DES or BMS)
and were free from major cardiac
events at 6 months after stent de-
ployment (and in whom clopidogrel
treatment was discontinued). The
aim of BASKET-LATE was to define
the incidence of clinical events re-
lated to stent thrombosis—and the
timing of these events over 18-
month follow-up—in patients
treated with either a BMS or a DES.
Patients treated with sirolimus-
eluting stents or paclitaxel-eluting
stents were combined into a single
DES treatment group for compar-
isons. The initial benefit—a relative
reduction in death/non-fatal my-
ocardial infarction observed with
DES compared with BMS—was lost
by 16 months post-PCI (Figure 6).

This “catch up” phenomenon for
event rates was related to an increased

incidence of cardiac death and non-
fatal myocardial infarction in the
DES cohort following the cessation
of clopidogrel therapy at 6 months
post-PCI (Table 2). These results are
consistent with delayed re-endothe-
lialization and would indicate the
need to consider more prolonged
dual antiplatelet therapy in high-risk
patients. 

Efforts to prevent LST include opti-
mization of the mechanical delivery

Table 1
Independent Predictors of Stent Thrombosis

95% Confidence
Variable Hazard Ratio Interval P Value

Total ST
Premature interruption 19.21 5.63-65.51 �.001
of antiplatelet therapy

Primary stenting in acute MI 12.24 1.67-89.71 .014
Total stent length (mm) 1.02 1.001-1.04 .037

Acute/subacute stent thrombosis
Primary stenting in acute MI 74.22 5.89-861.45 .001
Total stent length (mm) 1.04 1.01-1.08 .048

Late stent thrombosis
Premature interruption 24.79 7.51-81.84 �.001

of antiplatelet therapy
Renal failure 8.40 1.81-39.09 .007

MI, myocardial infarction. Reprinted with permission from Park DW et al.14

The initial benefit—a relative reduction in death/non-fatal myocardial
infarction observed with drug-eluting stents compared with bare-metal
stents—was lost by 16 months post-percutaneous coronary intervention.
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of the stent and the adjunctive phar-
macologic management. In an
analysis of 11 patients with LST,
stent expansion was less and incom-
plete stent strut apposition was more
common in patients with LST (55%
vs 12%; P � .0001 compared with
those patients who did not have
LST).19 Stent expansion should be
dictated by the vessel size rather
than by the arbitrary measure of the
minimum stent cross-sectional area
of 5.0 mm2 to 5.5 mm2.20

Recommendations 
to Prevent LST and VLST
Utilization of dual-antiplatelet ther-
apy in patients undergoing place-
ment of DES should be extended be-
yond the current package insert
recommendations of 3 months
(sirolimus-eluting stents) and 6
months (paclitaxel-eluting stents) for
all patients who are at lower risk for
hemorrhagic complications.21,22 The
2005 American College of Cardiology/
American Heart Association/Society
for Cardiovascular Angiography and
Interventions (ACC/AHA/SCAI) PCI
guidelines recommend the use of
dual antiplatelet therapy “ideally up
to 12 months in patients who are
not at high risk of bleeding.”23 It

would be reasonable to continue
dual antiplatelet therapy indefinitely
in patients with high-risk character-
istics who have no contraindications
and a low risk of bleeding.

Patients who develop an acute
coronary syndrome consistent with
LST should undergo emergent coro-
nary angiography to define the coro-
nary anatomy and PCI to normalize
coronary flow. Intravascular ultra-
sound (ACC/AHA Class IIA recom-
mendation)23 should be utilized to
confirm full stent expansion and rule
out malapposition as well as stent
strut fracture. The ACC/AHA/SCAI
2005 PCI guidelines also give a Class
IIA recommendation to the use of

abciximab in patients presenting
with ST-elevation myocardial infarc-
tion (STEMI) and to the use of any
glycoprotein IIb/IIIa inhibitor in
patients presenting with unstable
angina/non-STEMI who will be un-
dergoing PCI.23 At the time of clini-
cal presentation, patients with LST
should also receive a loading dose of
clopidogrel. Consideration could be
given to evaluating these patients for
the presence of platelet resistance to
both thienopyridine and aspirin.
Currently, however, no prospective
data have demonstrated that assess-
ment of platelet function (with sub-
sequent adjustment in antiplatelet
therapy) improves clinical outcomes,
although ongoing studies are in
progress to address this important
issue. Fibrinolytic therapy has not
demonstrated any benefit in the
treatment of LST.

Summary
Prevention of LST and VLST depends
on applying an optimal stent de-
ployment technique at the time of
the index PCI, compliance with dual
antiplatelet therapy, and extending
antiplatelet therapy beyond current
package insert recommendations, es-
pecially in patients who are at higher
risk of thrombosis and lower risk of
bleeding. In patients who develop LST,
efforts to achieve rapid normalization

Table 2
Major Cardiac Events Between 7 Months and 18 Months

Outcome Bare-Metal Stent (%) Drug-Eluting Stent (%) P Value

Cardiac death 0 1.2 .09

Nonfatal MI 1.3 4.1 .04

Cardiac death/nonfatal MI 1.3 4.9 .01

Restenosis-related TVR 6.7 4.5 .21

MACE 7.9 9.3 .53

MI, myocardial infarction; TVR, target vessel revascularization; MACE, main adverse coronary event.
Reprinted with permission from Pfisterer ME.24
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Figure 6. Death and nonfatal myocardial infarction (MI) in patients undergoing placement of drug-eluting stents (DES)
versus bare-metal stents (BMS). Reprinted with permission from Pfisterer M et al.18 www.medreviews.com
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Main Points
• In contrast to subacute thrombosis, which is probably related to suboptimal stent deployment, late stent thrombosis

is related to inadequate late re-endothelialization, residual thrombus, and/or persistent intimal tears adjacent to the
stented segment.

• In one trial, no differences in mortality or myocardial infarction were observed between sirolimus-eluting stents and
bare-metal stents within the first 1 to 2 years following percutaneous coronary intervention (PCI).

• Patients who develop an acute coronary syndrome consistent with late stent thrombosis should undergo emergent
coronary angiography to define the coronary anatomy and PCI to normalize coronary flow.

• Intravascular ultrasound can be useful to determine if there are any anatomic factors that predisposed the patient to
the stent thrombosis and to help guide appropriate interventional strategies.

• Utilization of dual-antiplatelet therapy in patients undergoing placement of drug-eluting stents should be extended
beyond the current package insert recommendations of 3 months (sirolimus-eluting stents) and 6 months (paclitaxel-
eluting stents) for all patients who are at lower risk for hemorrhagic complications.

of coronary blood flow (TIMI 3) with
PCI are mandatory, and these pa-
tients should be approached with
the same sense of urgency as patients
presenting with ST-elevation my-
ocardial infarction. Intravascular ul-
trasound can be useful to determine
if there are any anatomic factors that
predisposed the patient to the stent
thrombosis and to help guide appro-
priate interventional strategies.
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