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~—ABSTRACT ~

Background: Stent thrombosis (ST) is a rare, but extremely severe complication of PCI. Outside
clinical trials, data are limited regarding the risks and the impact of this phenomenon.

Aims: To assess prevalence, predictors, and clinical outcome of ST after implantation of drug eluting
stents (DES) compared with bare metal stents (BMS), in a large case-control study in a real world sce-
nario, as well as the relation between ST and duration of combined antiplatelet treatment.

Methods: In a case-control registry we included 475 patients who received at least 1 DES (sirolimus,
zotarolimus, everolimus, paclitaxel), compared with a group of 475 patients who received at least 1
BMS. We used 1.22 DES/patient vs. 1.26 BMS/patient (p=ns), treating 1.02 DES/lesion vs. 1.05 BMS/
lesion (p=ns). Main outcome was ST defined by the Academic Research Consortium (ARC) as definite
(acute, sub-acute, late), probable, and possible.

Results: At 15 months we found 0.8% (4) patients in the DES group vs. 1.1% (5) patients in the
BMS group with definite ST (ns); 0.4% (2) patients from each group had acute ST, while 0.4% (2) vs.
0.7% (3) patients had sub-acute ST (both comparisons were ns). None of the patients from the DES
group died, whereas two patients with definite ST from the BMS group died, with a case fatality rate of
40% (2/5). 0.2% (1) patient from each group had probable ST (ns) and 0.6% (3) vs. 0.4% (2) patients
had possible ST (ns). Independent predictors of stent thrombosis in merged groups were antiplatelet
therapy discontinuation (HR 3.8; 95%CI 1.9-7.6; p<0.01), diabetes (HR 2.15; 95%CI 1.4-5.1; p<0.01),
a lower left ventricular ejection fraction (EF) (HR 1.1; 95%CI 1.0-1.9; p<0.01 for each 10% decrease),
and LAD lesions (HR 1.0; 95%CI, 0.93-1.9; P<0.01).

Conclusions: ST is a rare complication (0.95%), similar after DES or BMS implantation. Premature
discontinuation of antiplatelet therapy, followed by diabetes and a lower LVEF, are the independent

 predictors of ST.
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INTRODUCTION

Context

The general concept from which this idea
was launched can be found from some aston-
ishing numbers concerning the first cases of
late ST (ST) published in Lancet, early 2004 (1-
2). Later on, in 2005 a very interesting meta-
analysis was published, concerning the two ex-
isting types of drug eluting stents (DES) at the
time, sirolimus eluting stent (SES) and paclitaxel
eluting stent (PES). This meta-analysis shows an
unexpectedly high rate of ST at 9 month follow
up with a cumulative rate of 1.3%. However,
ST was not found to be a relevant problem in
the randomized trials in which clopidogrel was
given with Aspirin in different periods: 2 mon-
ths in E-SIRIUS, 3 months in SIRIUS and 6
months in TAXUS. Rates of ST were similar be-
tween DES and bare metal stents (BMS) - 0.6-
1.4%. However, between 6 months and 2 years
of follow up, a slight increase in the rate of ST
was recorded, given the names late or very late
ST for DES groups (3-4).

Despite meta-analyses that monitored pa-
tients treated with DES vs. BMS, it is quite dif-
ficult to draw a definitive conclusion about the
risk of ST. As the main objectives of these stud-
ies were to bring out the risk of myocardial in-
farction and cardiac mortality or overall mortal-
ity, and not that of ST, nevertheless we can
outline some conclusions:

1. Due to the different patients profiles includ-
ed in registries or in randomized trials, there
are differences between data reported re-
lated to myocardial infarction, mortality and
implicated ST. Also, the two registry types
differ in terms of reported frequency of clin-
ical objectives. If randomized trials show
the same rate of incidence of MI and mor-
tality for the use of DES vs. BMS, the regis-
tries could tilt the balance in favor of DES, in
terms of mortality. Both studies concluded
that target lesion revascularization (TLR)
and target vessel revascularization (TVR) are
reduced through the use of DES.

2. In the first year of follow up, no statistical
differences exists in the incidence of ST be-
tween DES and BMS; after the first year, this
incidence is in favor of DES.

3. Dual antiplatelet therapy has proved ex-
tremely important in the first 6 months after
DES implantation, the ideal time duration is
yet to be defined based on data that have
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not yet been published. Recommendation
for treatment duration longer than 12 mon-
ths is based on multiple analyses, which mi-
ght be due to statistical combinations and
manipulations, so the choice of appropriate
duration of antiplatelet therapy must be
clearly defined for each patient based on
clinical presentation, associated comorbidi-
ties, how the procedure been undergone
and the type of stent used.

In the absence of AMI, coronary lesions
with visible thrombi or residual dissections, in-
tra procedural ST is a rare event (0.7%) (5). A
series of several prospective trials have demon-
strated the benefits of GP llbllla inhibitors in
interventional revascularization. Administra-
tion of abciximab has significantly reduced the
incidence of acute thrombotic complications
with a considerable improved prognoses both
short and long term, with maintained benefits
for 3 years (6-7). In the EPIC trial, abciximab
administration benefits were independent of
lesion characteristics that were considered to
be adverse (8).

Definitions

The lack of a universal definition for ST
made it difficult to compare data when this
problem began to be considered. Academic
Research Consortium (ARC) took in consider-
ation for the definition of ST the time when it
occurred, and the certainty of occurrence. And
so, the ARC definition was imposed and is the
most used definition in literature so far. In terms
of certainty of ST it is divided into:

- Definite thrombosis, which has a high level
of certainty, the diagnosis is made on angio-
graphic or post-mortem evidence of throm-
bosis.

- Probable thrombosis defined as sudden
death in the first 30 days after implantation
of a stent or any Ml in a previously stented
myocardial territory, regardless of the time
of occurrence.

- Possible thrombosis defined as any sudden
death after 30 days of stent implantation.
Although the ARC definitions were impo-

sed, they remain an imperfect point of balance

between sensitivity and specificity: definite
thrombosis is highly specific, but its true frequ-
ency is underestimated, while possible throm-
bosis has a higher sensitivity, but the certainty
of diagnosis is very low. The latest studies ex-
clude possible thrombosis term and select its



targets using terms definite and probable to put

a balance between sensitivity and specificity.
In terms of definite thrombosis, occurrence

time it would be divided as follows:

- acute ST: occurs in the first 24 hours after
implantation;

- subacute ST: occurs between 24 hours and
30 days after implantation;

- late ST: occurs in the interval of 30 days - 1
year after implantation; very late ST occurs
after 1 year after implantation (9-11). 4

METHODS

bjectives of the study: In this study we

proposed tracking and evaluating the inci-
dence of ST in patients treated with DES com-
pared with BMS, and finding the relationship
between ST and duration of antiplatelet thera-
py-

Coronary angiography was repeated for pa-
tients previously stented following the standard
indications. Thus, all patients who had acute
coronary syndrome, defined as any form of un-
stable angina or acute myocardial infarction
underwent coronarography again. Patients
who didn’t have ACS underwent angiography
according to the indications mentioned in AHA
guidelines / ACC (12) at the time.

Lot Features: The registry was a case-con-
trol study in which were included consecutive
patients, who received at least one DES, com-
pared with patients who received at least one
BMS, with matching gender and age; the inci-
dence of ST was tracked using ARC definition
of stent. The study was conducted between
2003 and 2008 and included 950 patients di-
vided into two groups. The first group with a
number of 475 consecutive patients each re-
ceived at least one DES (578 DES were used,
268 were SES, 152 zotarolimus eluting stent —
ZES, 122 everolimus eluting stent EES and 36
PES), the second group with a number of 475
consecutive patients, each received at least
one BMS (598 BMS were used, BMS classifica-
tion was not considered to be necessary). Hav-
ing in mind the urgency of certain cases (acute
coronary syndrome) we were unable to use
DES in this type of patients, due to the local
acquisition protocol of this type of prosthesis in
our cath-lab. The study also did not include
these types of patients in the BMS group for
proper lot equilibrium. All patients were as-
sessed at T month (clinical) at 6 months (by
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telephone) and 12 months (clinical) from the
index procedure. For those patients who did
not return to the clinic for follow-up informa-
tion had their information taken by telephone.
During follow-up (clinical and telephone) we
inquired about recent adverse events and dur-
ing the clinical visit we performed a standard
clinical examination and 12 leads ECG. The
study design dictated that the longest follow-up
period to be of 1 year. Due to data published,
relating to the high incidence of late and very
late ST in DES patients, we later decided to ex-
tend the period of follow up to more than a
year, with a telephone follow-up at 15 months
since study inception.

Investigation Protocol: Eligible patients
were fully informed about the purpose, proce-
dures, risks and benefits of this registry and, in
case of enrolling acceptance, were asked to
sign and date the routine informed consent
form for invasive procedures, which is standard
protocol in our cath-lab. The study protocol
aligns with ethical guidelines of the 1975 Dec-
laration of Helsinki and was approved by the
institution’s research committee where the re-
search was conducted. Patients were treated in
an academic hospital namely University Hospi-
tal of Bucharest. Clinical and demographic
data, type of lesions, procedural complications,
and proposed treatment were noted in the
standard follow up forms.

Clinical examination: The following clini-
cal parameters were précised: height, weight,
waist-hip index, NYHA functional class, systolic
and diastolic blood pressure and heart rate.
Blood pressure was determined by following
the current guidelines. Heart rate was mea-
sured using the radial pulse at the patient seat-
ed, with the upper limb in supine position.

Laboratory tests: Blood samples were col-
lected in the Cardiology Clinic, University Hos-
pital of Bucharest, not aimed at a specific pro-
tocol. The tests followed the standard protocol
from the observation sheets. Whenever myo-
cardial infarction was suspected after stent im-
plantation, the diagnosis was thereby made
based on increasing levels of Troponin | (Tnl),
and to avoid false positive results the 99" per-
centile was used as cut-off value. If Tnl was not
available, the diagnosis of myocardial infarc-
tion was based on elevated creatine kinase
(CK) and creatine kinase MB (CK-MB) levels
>1.5 times above normal during the first 48
hours or more than 3 times upper normal limit
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after 48 hours (13). Myocardial necrosis marker
level assessment was accepted from any autho-
rized laboratory, given the likelihood of a pa-
tient to present with AMI in another hospital
than the one in which the stent was mounted.

Resting ECG: 12-lead ECG was performed
before and after stent implantation (s) as a stan-
dard procedure in the Cardiology Clinic, Uni-
versity Hospital of Bucharest.

Echocardiography: was used to assess con-
ventional structural parameters, parameters of
global systolic and diastolic function (14). Data
was collected from ultrasound analysis reports
from the observation sheets.

Coronary angiography and angioplasty.
During all the procedures performed, in our
cath-lab, some cases required lesions prepara-
tion (predilation), thus the balloon size chosen
were very close but slightly smaller than the
stent. The stents used were pre-mounted. In
this registry we used four types of DES: SES
(Cordis®), PES (Boston Scientific®), ZES
(Medtronic®), EES (Guidant® - later Abbot Vas-
cular®) conform the internal policy of DES im-
plantation in SUUB. All DES were implanted at
high pressure (=12 atm), without exceeding
the rated burst pressure (RBP). If a suboptimal
result was obtained, judging from visual estima-
tion or quantitative coronary angiography
(QCA) (15), the stent would be subsequently
post dilated with a non-compliant balloon larg-
er in size than the stent. Depending on vessel
diameter, tortuosity, lesion length, location and
operator preferences several BMS were used
on occasion. All patients received unfraction-
ated heparin bolus at a dose of 70-100 1U/kg
before starting angioplasty. In case of procedur-
al time extensions an ACT check would be
needed and the patients would receive another
dose of unfractionated heparin according to
the standard protocol. The interventional strat-
egy for periprocedural Ilbllla glycoprotein use
and antithrombotic medication was left to be

DES BMS P
Age (years) 59 +11 60 + 11 ns
Sex (% sex @) 26% 27% ns
BMI (kg/m?) 28 £5.8 27 £5.1 ns
NYHA class I-1I I-1T ns
Systolic BP (mmHg) 129 + 14 133 £ 17 ns
Diastolic BP (mmHg) 76 +9 78 +9 ns
Heart rate (bpm) 69 +9 72 £10 ns

TABLE 1. The demographic characteristics of the studied groups.

*BMI = body mas index; BP = blood pressure; NYHA = New York Heart
Association.
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decided by principal operator. Thrombotic

stent occlusion was fully documented angio-

graphically as complete thrombotic occlusion

(TIMI flow 0 or 1), or restricted flow due to the

presence of a thrombus with TIMI flow 1 or 2

in the artery treated with one or more stents in

index procedure (16-18).

Statistics. For statistical data processing we
used the SPSS program (Statistical Package for
the Social Sciences) version 15 (19), and the
statistical methods used were:

1. Descriptive parametric statistics and non-
parametric average with standard deviation
or percentile using “unpaired Student t
test”;

2. Data comparison with ANOVA (for discrete
variables) or chi-square test and rank test
(for non discrete variables);

3. Univariate and multivariate regression anal-
ysis for needed correlations to be estab-
lished specifically to identify independent
predictors of MACE and long term resteno-
sis;

4. Odds ratio (OR) and 95% confidence inter-
vals (Cls) were reported with probability
value "two-tailed”;

5. Statistical significance was accepted at a p
<0.05.0

RESULTS

linical Features. The general characteris-

tics of all patients considered to receive
DES compared with those treated with BMS
according to local policy University Hospital of
Bucharest are shown in Tables 1 and 2. There
were no statistically significant differences be-
tween the 2 groups in terms of age, sex, height,
weight, body mass index, NYHA functional
class, systolic and diastolic blood pressure val-
ues and heart rate. There were no significant
differences for risk factors other than diabetes
(27% vs. 12%, p <0.01) and a history of Ml
(68% vs. 46%, p <0.01) when compared to
BMS group. This data shows an indication ex-
pansion DES stenting for our hospital aligning
with what is happening in hospitals in which
the acquisition process for DES different, but
not yet reaching their level. There was no drug
related standardization received by patients
during the periprocedural and follow up peri-
ods except for antiplatelet and anticoagulant
medication. As follows:

- Aspirin (ASA) was administered as a load-
ing dose of 250 mg in patients naive and a



maintenance dose of 75-100 mg/day. Treat-
ment duration was for life. All patients received
ASA in the DES group, something we have con-
sidered mandatory in such patients, given the
raised concerns about the likely incidence of
ST in DES. Patients who had proven allergy to
ASA didn't received DES, this being our domes-
tic policy in our catheterization laboratory. Of
those treated with BMS group 99% received
aspirin. The 5 patients who did not receive ASA
had proven intolerance and clopidogrel was
recommended indefinitely. No major event re-
lated to ST (definite, probable or possible) oc-
curred to this category of patients.

- The thienopyridines available during the
study were ticlopidine and clopidogrel. Ticlopi-
dine was never used. Clopidogrel was adminis-
tered according the following defined protocol:
patients who were not receiving this medica-
tion at all received a loading dose of 300 mg (if
the procedure took place in =6 hours) or 600
mg (if the procedure took place in <6 h) prior
to the procedure; patients who were on chron-
ic clopidogrel therapy the 75 mg/ day had their
daily dose unaltered. Besides the acknowl-
edged indications at that time in some difficult
cases considered by us to be of high thrombosis
risk, we recommended 150 mg clopidogrel for
7-30 days depending on the case, however
these cases were not more than 8.4% in DES
group, or 7.4% in the BMS (p = ns). In the fall
of 2010 the study results CURRENT — OASIS 7
were published coming to reinforce the idea
that the ACS patients treated with PCl and
double dose clopidogrel benefit was over the
conventional dose of 75 mg/day within 7 days
the intervention (20-21). We found no reason
to not give clopidogrel in any patient of the to-
tal 950 enrolled in the study, despite some mild
side effects. With the exception of 4 patients in
the DES group and 5 patients in the BMS group,
all were on this type of treatment for 9 months,
mainly due to the national program of reim-
bursement. Regarding patients who discontin-
ued the treatment prematurely (3 patients in
DES group and 4 in the BMS group), stopping
clopidogrel was due to objective reasons such
as various unexpected surgical procedures, but
throughout the same period they remained on
therapy with ASA and clopidogrel resumed at a
maximum of 14 days after stopping for all pa-
tients. Time of discontinuation of clopidogrel in
these patients was between the 155 days and
207 days after the procedure. No major event
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DES BMS
Smoking 79% 76%
DM 27% 12%
Hypertension 79% 77%
Dislipidemia 85% 83%
Family history 19% 20%
MI history 68% 46%
CVA history 4.2% 5%

P

ns

<0.01

ns
ns
ns

<0.01

ns

TABLE 2. Cardiovascular risc factor distribution for atherosclrosis.

* DM = diabetes mellitus; MI = miocardial infarction; CVA = cerebro-vascular

accident.

related to ST (definite, probable or possible)
occurred in this category of patients. In each
group there was one patient who stopped tak-
ing clopidogrel in the first week after discharge,
but remaining on aspirin. Both had subacute
ST objectified angiographically. After 9 months
from the procedure, adherence to clopidogrel
till the end of our follow-up to month 15 was
19% in the BMS group and 58% in the DES
group (p <0.01) but the tendency to push the
dual antiplatelet therapy further than one year,
came with a recommendation that came after
2006.

- Of the two types of available heparin, un-
fractionated heparin (UFH) and low molecular
weight heparin (LMWH) we used only UFH as
a standard protocol: we gave bolus dose of 70-
100 IU/kg before the procedure in patients na-
ive, and if the patient was on continuous infu-
sion of UFH or when the procedure was
extended then ACT check was needed and
UFH was administered according to the stan-
dard protocol. All patients received UFH. We
did not administrate LMWH due to our labora-
tory protocol and lack of data imposing this
type of medication over UFH in patients with-
out ACS.

- libllla glycoprotein antagonists were ad-
ministered with rates below that of other regis-
tries of the same type as ours. The only product
eptifibatide was administered at a rate of 7.1%
in the DES group vs. 6.3% in the BMS (p = ns).
This drug was used abiding by the main opera-
tor preference, cases being chosen as compli-
cated angiographically.

- Products such as direct thrombin inhibitor
type bivalirudin were not available to be used.

Angiographic features. The materials used
were the same, no major differences between
the two groups, and here we mention arterial
sheaths, diagnostic catheters, guide catheters,
guide wires, angioplasty balloons semi-compli-
ant or noncompliant. From the point of view of
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the DES types, they were selected from all
types of stents used in the Cardiology Clinic
University Hospital of Bucharest, during the
registry period: SES 46%, PES 7%, ZES 26%,
and EES 21%. These stents were stainless steel
structure (SES, PES) or cobalt chrome (ZES,
EES), permanent polymer, and drugs with cyto-
static and antiproliferative roles.

The distribution of angiographic data for the
entire study population is reported in Table 3.
There were no significant differences between
groups in the number of stents used, or vascu-
lar lesions treated. 1.02 stents/lesion were used
in the DES group respectively 1.05 stents/lesion
in the BMS group (p = ns). If we refer to the
number of patients, 1.22 stents/patient were
used in the DES group respectively 1.26 stents/
patient in the BMS group (p = ns). The average
of lesions per patient was 1.19 lesions/patient
in the DES group respectively 1.20 lesions/pa-
tient in the BMS group (p = ns). Significantly
more DES were used for dilation of LAD lesions
(59% vs. 48%, p <0.01), as well as for ostial
lesions (7% vs. 4%, p <0.01). Also, more DES
were used for treatment of small caliber ves-
sels, defined by us as being those vessels that
have reference vessel diameter (RVD) <3 mm
(71% vs. 41%, p <0.01) and vessels with dif-
fuse atheromatous infiltration, defined by us as
lesion length >15 mm (88% vs. 51%, p <0.01).
These two definitions of diffuse vascular dis-
ease and small caliber vessels are consistent
with data obtained from the related literature.
Number of lesions treated for stent restenosis
using another stent was overwhelmingly in fa-
vor of DES (8.0% vs. 0.4%, p <0.01). Basically
a single patient in the BMS was restented also
with BMS for the treatment of ISR and that due

DES BMS P
INDEX PCI
Total number of stents 578 598 ns
Total number of lesions 568 572 ns
LAD lesions (%) 59% 48% <0.01
RVD <3.0 mm (%) 66% 44% <0.01
Lesion length >15 mm (%) 84% 56% <0.01
Bifurcation 14% 12% ns
Chronic total occlusions 6% 6% ns
Venous Grafts 1% 1% ns
Ostial lesions 7% 4% <0.01
Preprocedural MLD (mm) 0.4+0.2mm 0.4+0.2 mm ns
Postprocedual MLD (mm) 3.1+0.4 mm 3.2+0.4 mm ns
Acute Gain (mm) 2.7+0.3 mm 2.8+0.2 mm ns

TABLE 3. Angiographic data distribution from INDEX procedure.

* LAD = left anterior descending; RVD = refernce vessel diameter; MLD =
minimal luminal diamter.
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to reasons that were kept for strict patient safe-
ty. This difference in terms of ISR was expected,
known as the indication there of for DES treat-
ment. There were no statistically significant dif-
ferences between the two groups when it came
to bifurcation lesions, chronic total occlusion
(CTO), and degenerated venous graft lesions.
But, clearly we are obliged to underline the sig-
nificantly lower frequency of these types of le-
sions treated when you compare them with
those from the specific literature. The vast ma-
jority of bifurcation lesions were treated using
the single stent technique in the main vessel,
since it is well known that subacute ST and re-
stenosis had a higher incidence when using
two or more stents in this lesion type. All CTO
had procedural success; however this doesn’t
show the reality of our catheterization labora-
tory, worthy to mention that these patients re-
spectively were chosen from those with suc-
cessful vessel opening. Patient cases with
degenerated venous graft lesions were very few
in number and this was mainly due to a low
incidence of patients with aorto-coronary by-
pass addressed for angiography. All procedures
were made without distal protection devices
due to their lack in our laboratory, contrary to
recommendations in the literature, due to the
low number of such cases and strained econo-
mic conditions they were not seen necessary to
equip the laboratory with such devices at that
time, adding that the current circumstances are
much different now.

Main objectives results

Definite thrombosis was objectified in 0.8%
(4) in the DES group vs. 1.1% (5) in the BMS
group (p = ns). Four patients had acute ST, two
from each group (0.4%, p = ns), the remainder
had subacute ST (0.4% vs. 0.7%, p = ns). There
were no patients with late or very late ST. All
the aforementioned cases are cases of angio-
graphically objectified ST. Two patients with
subacute ST, both located in the anterior de-
scending coronary artery from the BMS group
died during hospitalization, so rate case - fatal-
ity rate was 40% in the BMS group (2/5). One
of the two dead patients stopped clopidogrel
deliberated less than one week of discharge af-
ter the index procedure and was mentioned in
the paragraph describing antiplatelet medica-
tion (Figures 1 and 2). In the DES group there
were no deaths among those with definite ST.



Probable ST was one case from each group.
Thus, there was a sudden death in the first 30
days after stent implantation in the DES group
and acute myocardial infarction in the BMS
group with ECG changes in the territory served
by the stented artery complicated with acute
heart failure and death in less than 48 hours
from admission. The latter patient did not have
coronary angiography due to inability to ensure
such a procedure neither post-mortem autop-
sy; therefore we eventually could not possibly
objectify the presence of thrombus. Both pa-
tients were on treatment with aspirin and clop-
idogrel.

Possible thrombosis was reported in the DES
group in 0.6% (3), and the BMS group 0.4% (2)
(p = ns). Thus, in the DES group there were
three sudden deaths, one on day 236 from the
index procedure (patient was on dual anti-
platelet treatment) and two in more than one
year after stent implantation (patients were no
longer on dual antiplatelet treatment, stopping
clopidogrel at 9 months after the procedure).
In the BMS group there were two sudden
deaths, both occurred more than a year after
angioplasty with stent (patients were receiving
aspirin without clopidogrel).

DISCUSSIONS

In 2006 the effervescence of the late ST
reached its peak, following important discus-
sions concerning the importance of the meta-
analyses presented during the European Soci-
ety of Cardiology held in Barcelona. The studies
included in the meta analysis were RAVEL,
SIRIUS, E-SIRIUS, C-SIRIUS, TAXUS 11, IV, V
and VI, studies that followed the first genera-
tion of DES, namely SES and PES. Those who
have not accepted the idea said that the data
indicate some concern that late ST is undiag-
nosed in patients treated with DES than with
BMS, but never proven (3). In the same year,
FDA raised the first questions about the long
term safety of SES and PES. The survey BASKET
(Basel Stent Cost-effectiveness Trial-late throm-
bosis events) highlighted the phenomenon of
"Cath up” for late events like late myocardial
infarction and sudden death in patients with
premature withdrawal of double antiplatelet
therapy in DES patients compared to BMS pa-
tients (4). In a meta-analysis of Maurice L. pub-
lished in NEJM in 2007 after 1440 days of fol-
low up, the incidence of ST was 1.2% for the
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FIGURE 1. Subacute BMS thrombosis, implanted in proximal left

anterior descending artery.

FIGURE 2. Balon angioplasty in the thrombozed stent in proximal
LAD. The same case from Figure 1.

patients treated with SES and 0.6% in the group
treated with BMS (p = 0.20). As for patients
treated with PES at the same follow-up period
the incidence was 1.3% and 0.8% in the com-
pared group (p = 0.24). The two curves started
to breakup one year after stent implantation
(5).

Due to new data published and obtained
since the early use of DES and especially after
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FIGURE 3. Subacute DES thrombosis, implanted in medio-proximal
segment of right coronary artery.

Ve

FIGURE 4. Final vessel aspect after thromb-aspiration. Same case
from Figure 3.

2006, as described above, related to the high
incidence of late and very late ST after DES im-
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plantation, we decided to follow a large num-
ber of patients, which were all treated with
DES in the Cardiology Clinic University Hospi-
tal of Bucharest (SUUB), for an initial period of
12 months, later extended to 15 months from
study inception. We started from the premise
that most of the literature related to ST comes
from very few registries and randomized trials
that had the primary objective of ST. This re-
search assumes that real life differs significantly
in certain circumstances, in comparison to ran-
domized trials. DES use policy for all coronary
lesions is difficult to implement due to current
economic constraints. Thus we see necessary
to pursue a controlled registry study, which in-
cludes, without exception, all patients consec-
utively treated with DES.

In a large cohort of consecutive patients
treated with PCI with DES implantation, com-
pared with patients treated with BMS (case
control study), we reported on a period of 15
months follow-up, definite thrombosis inci-
dence of 0.8% (4/475) in the DES group vs.
1.1% (5/475) in the BMS group (p = ns), never-
theless a substantially higher rate than the re-
ported cases in large randomized trials (be-
tween 0.4% and 0.6%). The difference between
our results and data from literature is due to the
type of the studies we compare. Majority data
for the literature are from randomized trials
with particular inclusion/exclusion criteria. Un-
fortunately ST was not set as a main objective,
date we got being as surrogate end-points. Our
registry, as we mentioned before, has only one
exclusion criteria, one which is particular for
our country. So, we try to illustrate, as much as
we can, the real life that we got in the cath lab,
having the ST as the main objective. If you col-
lect all cases of ST (definite, probable, possible)
that being called cumulative ST, we will have
an incidence of 1.7% (16/475) for each group
(p = ns) (22-23). Independent predictors for
cumulative ST are antiplatelet therapy discon-
tinuation (HR 3.8; 95%Cl 1.9-7.6; p<0.01),
diabetes (HR 2.15; 95%Cl 1.4-5.1; p<0.01), a
lower left ventricular ejection fraction (EF) (HR
1.1; 95%Cl 1.0-1.9; p<0.01 for each 10% de-
crease), and LAD lesions (HR 1.0; 95%Cl,
0.93-1.9; p <0.01).

DES treatment indications have expanded
in recent years, which is why more and more
complex lesions, very often in patients with
complex medical problems have been solved
with this type of stent. Thus, more than a quar-



ter of patients treated with DES were diabetic
and over half of them had a history of an acute
coronary event. Significantly more pharmaco-
logically active stents were used for the treat-
ment of small vessel lesions and diffuse lesions
(Figures 3 and 4), which thereby increase the
risk of ST. Also, the LAD lesions were preferably
treated with DES, which makes the prognosis
of ST in these cases to be a reserved one. Simi-
lar records that have followed patients treated
with DES or BMS, discontinuation of dual anti-
platelet therapy weighed more in ST, for defi-
nite (1 case of 4 i.e. 25% for the DES group and
1 case of 5 or 20 % for the BMS group, p = ns)
as well as for cumulative thrombosis (3 cases
out of 204, i.e. 1.5% and 3 cases of 388 i.e.
0.8%, p = 0.02), which supports idea that pa-
tients treated with DES, the kind pursued in
this registry should be maintained on dual anti-
platelet medication for more than one year af-
ter implantation (24). Besides discontinuation
of antiplatelet agents, other factors that weighed
in the balance tilting towards ST were diabetes,
LVEF <30% and LAD lesions (25).

Diabetes is known to induce a hyper coagu-
lant status. If we consider the association of di-
abetes induced nephropathy in particular, the
risk of ST rises up to 4-fold (26-27). In our stu-
dy, we have in the the DES group 2 cases of
definite ST with diabetes out of a total of 128
cases of diabetes mellitus (2/128 1.6%, p
<0.01), on the other hand in the BMS group
(1/57 1.8%, p <0.01), and the cumulative
thrombosis (4/128 3.1%, p <0.01) and in the
BMS group (3/57 5.3%, p <0.01) (28-31).

Moderate to severe depression of LV pump
function (LVEF <30%) was shown to have an
important role in the increased incidence of ST.
The literature data is not consistent with clear
mechanisms by which depressed LV systolic
function leads to ST, but the modified rheologi-
cal condition could have the most important
role (32-33).

LAD lesions had an important role in ST in
our registry and were strongly associated espe-
cially with moderate - severe depressed LVEF
(33-35).

No correlation was observed between stent
type and ST. Data from the literature seem to
tip the scale towards increased incidence of ST
after using stents with paclitaxel. After 6 years
since these ST issues were first raised, the data
is still contradictory and of absolute need for
randomized trials, including the most impor-
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tant commonly used DES in current practice,
with imperative very long follow-up (35).

Study limits. A limitation of the current
study was the poor angiographic documenta-
tion. However, case partitioning according to
ARC definition can be considered to be very
close to real life, drawing attention to those
cases with a high likelihood of ST, which may
otherwise be overlooked (15-16). We took the
potential risk of adverse events overlooking
lack of their proper reporting, but we are con-
vinced that we have achieved a high rate of
patient tracking, having no patients lost to fol-
low-up. Initially, the study design was intended
for one year follow up, later was extended with
another telephone follow up three months lat-
er, this being appreciated by us as a method of
increasing objective reporting. We assumed
the risk of losing the very late ST patients espe-
cially in the DES group, but when we had start-
ed the registry this fact was not a reality. It was
not in our protocol to test patients with ST for
clopidogrel resistance, because this test was
not in our local laboratory standard of care, but
we referred the patients to hematology special-
ist for this particular test. Few and inconsistent
data were available as we did not take in con-
sideration. We tried to perform IVUS for all the
definite ST, but due to the objective reason this
was not possible. For the cases we did, no pro-
cedure related or human error ST related was
found. No mismatch between stents and vessel
diameter was found. For the case we did not
perform IVUS, we reviewed the initial protocol
and recorded data; high pressure deployment
was used for stents and no spontaneous or pro-
voked dissection was found. U

CONCLUSIONS

he cumulative incidence of ST (sum of all

three entities defined by the ARC) is 1.7%
(8/475) for each group. The incidence of defi-
nite and probable ST, which according to ex-
perts is the most important, is 1.1% vs. 1.3% in
the DES, BMS respectively (p=ns). Stopping
antiplatelet medication prematurely weighed
most in favor of ST. Along with this factor, dia-
betes, LVEF <30% and LAD lesions are identi-
fied as independent predictors of cumulative
ST. No correlation was found between ST and
stent type used. There is a tendency towards
correlation in terms of the stent length with
thrombosis, but with no statistical significance.
This trend may be due to high-pressure stent
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implantation and post dilation processes, fac-
tors known to decrease the incidence of throm-
botic events. The clinical consequences were
extremely serious. Thus, the case - fatality in
the BMS group was 40%, and the majority of
the other patients with ST, had nonfatal myo-
cardial infarction. 1
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