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SUMMARY

Introduction: Despite technological and pharmacological progress, stent thrombosis remains a dreadful complication of PCI
and appears to be a multifactorial disease.

Objectives: Our study aims to review the determinants of this pathology in our local environment.

Methods: Retrospective monocentric study in Sahloul hospital. We collected data about all stent thrombosis between 2007
and 2017 and studied a similar number of controls. Our research consists in a comparative case-control study.

Results: Urgent PCI, thrombus, overriding stents, hemodynamic instability and poor TIMI flow increase the risk of stent
thrombosis. Multivariate analysis shows a significant link between stent thrombosis, hemodynamic instability during
procedure (P=0.037) and an abnormal preprocedural TIMI flow (P <0.001).

Conclusion: We highlight the impact of an abnormal TIMI flow and hemodynamic instability in the occurrence of stent
thrombosis.
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RESUME

Introduction : Malgré les progrés technologiques et pharmacologiques, la thrombose de stent reste une complication redoutable de
I’angioplastie et apparait comme une maladie multifactorielle.

Objectifs : Notre étude a visé a faire le point sur les déterminants de cette pathologie dans notre environnement local.

Méthodes : il s’agissait d’une étude rétrospective monocentrique a I’hdpital de Sahloul. Nous avons recueilli les données sur toutes
les thromboses de stent entre 2007 et 2017 et on a étudié un nombre similaire de témoins. Notre travail est une étude comparative
cas-témoins.

Résultats : L’angioplastie urgente, le thrombus, les stents antérieurs, I’instabilité hémodynamique et le mauvais flux TIMI augmentent
le risque de thrombose du stent. L’analyse multivariée a montré un lien significatif entre la thrombose du stent, ’instabilité
hémodynamique au cours de la procédure (P = 0,037) et un flux TIMI pré-procédural anormal (P <0,001).

Conclusion : On a mis en évidence I'impact d’un flux TIMI anormal et d’une instabilit¢ hémodynamique dans la survenue d’une
thrombose de stent.
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INTRODUCTION

Cardiovascular diseases were responsible of up to
30% of total deaths inTunisiain 2009 [|].Percutaneous
coronary interventions developed as an answer
to this issue. The use of coronary stents resulted
in better outcomes when compared to balloon
angioplasty, yet implanting these devices could lead to
severe complications such as stent thrombosis. The
bad prognosis of the latter allowed improvements
in stent materials and preventive pharmacological
therapy with the elaboration of new antiplatelet
agents of greater potency than clopidogrel, e.g,
Ticagrelor and Prasugrel [2]. Various elements can
cause stent thrombosis, some of which are related
to the patient, the pharmacological environment,
the procedure and the stents themselves. Despite
its decreasing rates, stent thrombosis is associated
with hard clinical events including death. Data on this
pathology are scarce in our local environment. In
this regard, we sought to identify the determinants
of stent thrombosis in our daily practice

METHODS

Our study is a retrospective monocentric survey
in the cardiology department of Sahloul hospital,
Sousse, Tunisia, encompassing all patients hospitalized
between 2007 and 2017 with a diagnosis of stent
thrombosis. Our work consists in a comparative case-
control study to assess the determinants of stent
thrombosis.We included all patients hospitalized with
a definite diagnosis of stent thrombosis as stated
by The Academic Research Consortium [3]. We
enrolled an identical number of controls with similar
sex proportion and period of implantation of stents
before the occurrence of stent thrombosis.VWe seized
and analyzed data using SPSS STATISTICS 20 software.

RESULTS

These results are related to the ‘cases’ arm. Data
about our controls are shown in the following
comparative section.
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A- Patients characteristics

63 patients were admitted for stent thrombosis
between 2007 and 2017, most of them were
hypertensive, smokers and diabetics. Table | reports
the distribution of cardiovascular risk factors.

Table 1. Prevalence of cardiovascular risk factors and
comorbidities

Pathology Percentage of patients
Hypertension 52.4%
Current smoking 49.2%
Diabetes mellitus 39.7%
Dyslipidemia 25.4%
Renal failure 15.9%
Evolving carcinoma 1.58%
Coronary heredity 7.9%
Heart failure 23.8%
Bleeding history 7.9%

B- Peri-interventional data

Most of our patients underwent PCl in the
context of ACS. Lesions were thrombotic in
most procedures with an abnormal TIMI flow. We
observed a greater propensity of LAD involvement
and type B lesions. PCl strategy was heterogeneous,
with direct stenting being the preferred approach.
The result was optimal in 90% of the procedures.
Table 2 summarizes our findings.

Echocardiographic characteristics

Context of stent implantation before stent
thrombosis, angiographic data and procedural
aspects of angioplasty.
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Determinants of stent thrombosis

Table 2. Context of stent implantation before stent thrombosis,
angiographic data and procedural aspects of angioplasty

Presentation Percentage of patients

(or number when applies)

STEMI 49%
NSTEMI 13%
o 38%
Cardiogenic shock 24.5%
Angiographic analysis

TIMI flow < 3 53%
Presence of thrombus 43%
Left main stenosis 7.3%
LAD stenosis 81.8%
Circumflex stenosis 56.4%
Right coronary stenosis 50.9%
Bifurcation lesion 12%
Plaque dissection 8%
Plaque calcification 6%
Chronic total occlusion 6%

Lesion type according to ACC/
AHA classification

Atype lesion 12%
B type lesion 68%
C type lesion 20%
Course of angioplasty

Predilatation 40%
Postdilatation 20%
Thromboaspiration 12%
Direct stenting 60%
Average number of stents

implanted 2
Average stent length (millimeters) 21.29
Average stent diameter

(millimeters) 2.95
Use of bare metal stents 66%
Use of drug eluting stents 349%
Overriding stents 15.3%
Result of the procedure

Final TIMI flow = 3 90%
Coronary dissection 4%
Stent malapposition 29%

Residual stenosis <30% in stent
edges 10%
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C- Comparative case-control section

Significant findings related to ST in univariate analysis
include revascularization in an emergent setting
(p<001), bleeding events (p=0.02), hemodynamic
instability during PCl (p=0.006), the presence of
thrombus (p=0.017) and pre procedural TIMI flow < 3
(p <0.001) (Table 3).

Table 3. Univariate analysis
Univariate analysis

Percentage Odds P value
ratio

Cardiovascular risk factors
and comorbidities

Smoking 49% 69% 042 0.22

Cases Controls

Hypertension 52.4% 39.7% 1.67 0.15
Diabetes 39.7% 33% 1.31 045
Dyslipidemia 25.4% 16.1% 1.77 0.2
Renal failure 16.4% 21% 056 0.24
Heart failure 23.8% 254% 091 0.83
Bleeding 79% 0 - 002
Coronary heredity 79% 32% 258 044

Contextofstentimplantation Cases Controls
and angiographic data

Angioplasty for STEMI 49% 349% 18  0.12

41.5% 11.1% 5.67 <0.001

245% 6.34% 4.8 0.006
431% 22.2% 265 0.017
52.9% 17.5% 5.32 <0.001

Emergency
revascularization

Hemodynamic instability
Presence of thrombus
Initial TIMI flow <3

Final TIMI flow <3 98% 32% 326 0.29
Calcified plaques 58% 7.9% 072 0.95
Plaque dissection 8% 47% 174 0.74
CTO 59% 1.6% 3.8 0.2
Bifurcation angioplasty 12% 20.6% 0.52 0.22
Thromboaspiration 12% 1.59% 8.45 0.059
a6 - 069
Residual cronary stenosis 10% 79% 1.29% 0.7
Overriding stents 15.3% 6.3% 268 0.1

We used multivariate analysis to determine the
impact of the following parameters: Emergent versus
elective revascularization, hemodynamic instability
during PCI, TIMI flow before and after procedure
and the presence of thrombus. Only hemodynamic
instability (p=0.037) and an altered pre-procedural
TIMI flow (p<0.001) emerged as significant predictors
of stent thrombosis



DISCUSSION

I- Patient’s characteristics

Cardiovascular disease risk factors

We found more diabetics in our ST patients, this
finding was not statistically significant in our study
but the increased rates of ST in diabetics are
reported in numerous publications [4],[5]. The
RESTART [6] and HORIZON-AMI [7] studies show
similar results and pinpoint the need for insulin as an
additional risk factor.

In one study Kerieiakes and al. found a greater
proportion of hypertension among patients
receiving drug eluting stents and presenting with
stent thrombosis, but as in our data this finding was
statistically insignificant [8].

Paradoxically we found more smokers in the
“controls” arm. We hypothesize that this could
be related to declaration bias. ]-CYPHER Japanese
registry enrolled 12812 patients treated with a
Sirolimus stent for a 5-year follow-up and found an
association between smoking and very late stent
thrombosis [9]. Another publication of Tsuyoshi
Honda links smoking to subacute ST with a fivefold
relative risk compared to non-smokers [10].

Malignant disease

An article by C. Michael Gross published in JACC
and addressing a population of 108 patients with
malignancy found a ST rate of 5.56% versus 0.78% for
7081 other patients free of malignant disease, P value
was <0.000001 [I 17.We notice similar findings in the
German ST registry [12]. An interesting publication
focuses on the effect of malignancy treatments and
finds that chemotherapy is associated with delayed
stent endothelialization, which could lead to stent
thrombosis [13].

I1- Clinical presentation, angiographic findings
and procedural aspect of angioplasty related
to stent thrombosis

A- Context of stent implantation

A publication of Neville Kukreja shows that stenting
in the context of acute coronary syndromes is
favorable to the development of stent thrombosis
[14].An explanation would be that plaque rupture and
necrotic lipid cores abound in this context, especially
for STEMI [15],[16]. Holmes et al detected delayed
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intimal healing and covering of stent struts lying above
necrotic corps [17]. Our results show that 49% of ST
victims underwent angioplasty for STEMI treatment.
In univariate analysis, urgent revascularization was a
predictor of ST (p< 0.001). Cardiogenic shock appears
to be strongly associated to ST even in multivariate
analysis (P=0.03). A paper published by Iqgbal et al
concludes that with an odds ratio of 11.7 and P value
<0.001, cardiogenic shock is the first determinant of
stent thrombosis [18].

B- Complexity of lesions

In our ‘cases’ arm, 88% of lesions were B or C
type according to the ACC/AHA classification, the
percentage in the ‘controls’ arm was 80.9%. We
also found more CTO in the ST group but none
of our findings were significant. A paper written by
Tomohisa Tada shows that B2 and C type lesions
are independent risk factors of ST [19]. Zuzana
Motovska found that long multiple lesions and
multivessel disease favor stent thrombosis [20]. The
Spanish registry highlights the proportional relation
between lesions length and ST [21].A meta-analysis
of 221066 patients and 4276 ST incriminates CTO
and bifurcation lesions [22].A study by Pedro Dardas
suggests less stent thrombosis when calcified
lesions are pre-treated with rotablation [23]. A
study of Georgios Sianos reveals that the presence
of thrombotic lesions is strongly and independently
associated to death and stent thrombosis [24] and
a publication in the Scandinavian cardiovascular
journal demonstrates that an initial TIMI flow < 2
lead to more ST, essentially in the acute and subacute
setting [25]. In his work Juergen Kammler analysed
the impact of a final TIMI flow < 3 and noticed a
higher trend toward MACCE and ST [26]. In our
study TIMI flow < 3 prior to stenting emerged as
the strongest predictor of ST in multivariate analysis
(P <0.001).

C- Angiographic aspects

Stéphane Cook analyzed thrombosed stents using
intravascular imaging and found frequent stent
malaposition [27]. Alfonso et al observed severe
stents under-expansion in a group of patients
presenting with ST despite that the procedure
fulfilled the criteria of an optimal angioplasty [28].A
publication describes 39% of stent overriding in the
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ST group versus 8% for the controls suggesting a
cause-effect relation to stent thrombosis (p<0.001)
[29]. The EXAMINATION study finds more ST in
patients with overriding stents particularly in the
subgroup of bare metal stents [30].

Peter Sick collected data about 2523 angioplasties
with a 6-month follow-up and found a greater
number of stent thrombosis in the presence of
residual coronary stenosis in the stent edges [31].A
meta-analysis of Cutlip et al enrolled 6186 patients
and showed a strong bond between per-procedural
coronary dissections and the occurrence of ST with
an odds ratio of 3.8 and a confidence interval of [1.9-
7.7] [32].An ltalian study analyzed 4630 lesions and
found significantly more ST in the group of patients
having coronary dissection with a percentage of
6.3% versus 1.3% (p=0.011) [33]. Our own data is
limited but it supports these allegations

D- Stents properties

A study published in the JACC showed that stent
polymers alter arterial healing in animal models
[34], another publication found similar safety
profile in terms of mortality and occurrence of
ST between bare metal stents and drug eluting
stents with bioresorbable polymers [35]. Reports
pointed a higher rate of ST with drug eluting stents
mainly attributed to delayed endothelialization.
Aloke V Finn found that this delay was the primary
substratum responsible of late ST in a series of
autopsies [36]. These findings changed overtime
and a large cohort of 18334 patients found lower
trends of ST for second generation DES and BMS
when compared to first generation DES at 3 years
of follow-up [19]. A meta-analysis encompassing
9673 patients found more very late ST with BMS
than second general DES [37].

Stent thrombosis is proportional to stent number
and length. Cutlip et al found [.5 more stent
thrombosis for every 10 more mm in stents length
[32]. Cook et al [29] as well as the German ST
registry [12] show correlation between ST and the
number of endoprosthesis (odds ratio : .35, p =
0.027).With 882 cases of ST among 73798 patients,
the Swedish cardiac catheterization registry
emphasized the importance of stents diameters
and concluded to a 50% reduction of risk for
each supplementary millimeter [38]. Overall, our
results show longer and smaller stents in patients
developing ST.
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CONCLUSION

We found a significant association between ST,
hemodynamic compromise during PCl and alteration
of TIMI flow during coronary angiography.
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