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Percutaneous coronary intervention (PCI) has evolved significantly over the past four decades. Since its inception, in-stent restenosis (ISR)—the 
progressive reduction in vessel lumen diameter after PCI—has emerged as the main complication of the procedure. Although the incidence of ISR 
has reduced from 30% at 6 months with bare-metal stents to 7% at 4 years with drug-eluting stents (DESs), its occurrence is relevant in absolute 
terms because of the dimensions of the population treated with PCI. The aim of this review is to summarize the emerging understanding of the 
biological pathways that underlie ISR. In-stent restenosis is associated with several factors, including patient-related, genetic, anatomic, stent, le-
sion, and procedural characteristics. Regardless of associated factors, there are common pathophysiological pathways involving molecular phe-
nomena triggered by the mechanical trauma caused by PCI. Such biological pathways are responses to the denudation of the intima during balloon 
angioplasty and involve inflammation, hypersensitivity reactions, and stem cell mobilization particularly of endothelial progenitor cells (EPCs). The 
results of these processes are either vessel wall healing or neointimal hyperplasia and/or neo-atherosclerosis. Unravelling the key molecular and 
signal pathways involved in ISR is crucial to identify appropriate therapeutic strategies aimed at abolishing the ‘Achille’s heel’ of PCI. In this regard, 
we discuss novel approaches to prevent DES restenosis. Indeed, available evidence suggests that EPC-capturing stents promote rapid stent re- 
endothelization, which, in turn, has the potential to decrease the risk of stent thrombosis and allow the use of a shorter-duration dual antiplatelet 
therapy.
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Introduction
Percutaneous coronary intervention (PCI) is an effective and widely 
used treatment for patients with coronary artery disease. Despite 
the fact that the side effects of the procedure have progressively re-
duced thanks to extensive scientific work, in-stent restenosis (ISR) re-
mains one of the main limitations of PCI, leading to the recurrence of 
exertional angina pectoris or acute coronary syndromes.1

The incidence of ISR was reported to be up to 30% in the bare-metal 
stent (BMS) era but has substantially declined with the development of 
drug-eluting stents (DESs).2 However, a low rate of ISR after DES still 
exists, and its overall occurrence is not negligible because of the size of 
the population receiving PCI.3 Most importantly, ISR should not be re-
garded as a benign complication of PCI, as it is associated with the oc-
currence of acute coronary syndrome in nearly 50% of cases.3,4

The aim of this review is to update the state of knowledge on the 
biological pathways underlying ISR. We believe that a full understanding 
of previously unrecognized mechanisms of ISR has the potential to im-
prove the outcome of PCI.

Pathology of in-stent restenosis
Since the beginning of the stenting era, pathologists accurately defined 
the histological consequences of the endothelial damage caused by bal-
loon dilatation and stent implantation.5 Percutaneous coronary inter-
vention triggers two distinct pathological processes that eventually 
lead to ISR. The first one is excessive neointimal hyperplasia, which usu-
ally begins soon after PCI and has a timeframe of up to 12 months 
(Figure 1); the second is neo-atherosclerosis, which typically occurs 
after a minimum of 12 months (Figure 2).6

Neointimal hyperplasia is characterized by smooth muscle cell (SMC) 
proliferation embedded in an extracellular matrix rich in collagen.4

Interestingly, there are important differences between ISR after im-
plantation of a BMS vs. a DES. The BMS-ISR is characterized by a 

homogeneous tissue with a high density of SMC, whereas the 
ISR-DES is more often hypocellular and proteoglycan rich.4 Also, the 
SMC phenotype is more frequently synthetic in ISR due to BMS, and 
contractile or intermediate in ISR following DES implantation.7 In con-
trast, neo-atherosclerosis is characterized by the accumulation of 
lipid-laden foamy macrophages within the neointima, with or without 
necrotic core formation and calcifications.5 Importantly, the in-stent 
neoatheroma can further progress to form a thin cap that can lead 
to in-stent plaque rupture and acute myocardial infarction,5 represent-
ing an accelerated form of atherosclerosis secondary to dysfunctional 
endothelial coverage of the stented vascular segment.5 Finally, in the 
former BMS era, ISR due to neo-atherosclerosis was mainly observed 
beyond 3 years, while it is observed at earlier time points in the current 
DES era.

Predisposing factors for in-stent 
restenosis
In-stent restenosis has been extensively investigated over the last two 
decades. It is now well documented that various mechanisms may pre-
dispose to its development, severity, and patterns, regardless of the 
type and efficacy of concomitant pharmacological treatment.6,8

Indeed, clinical and experimental investigations have shown that ISR 
can be associated with patient-related factors, genetic factors, anatomic 
factors, stent characteristics, lesion morphology, and procedural fac-
tors9 (Figure 3).

Patient-related factors
The clinical predictors of ISR include diabetes mellitus, chronic kidney 
disease, older age, female sex, and higher body mass index, among 
others.9 In addition, traditional cardiovascular risk factors for athero-
sclerosis, including smoking, arterial hypertension, and dyslipidaemia, 
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have been demonstrated to play a pathogenetic role in the formation of 
neointimal hyperplasia.10

Genetic factors
Genetic factors are currently thought to be associated with ISR inde-
pendent of conventional clinical variables. Although more studies are 
needed to use genetic risk markers in clinical practice, growing evidence 
now exists that multiple phenomena related to ISR are genetically de-
termined. Significant associations between polymorphisms in multiple 
genes and an increased risk of ISR have been reported. These include 
polymorphisms in the genes of the haemostatic system such as 
Platelet glycoprotein IIIa and the P2Y12 receptor.11 Interestingly, resist-
ance to the drugs eluted from stents seems to occur in genetically pre-
disposed patients as well.11

Anatomic factors
Anatomic factors determining ISR include vessel size and the location of 
coronary stenosis. Vessel size is a strong predictor of ISR after both 
BMS and DES implantation.12 Potential mechanisms underlying the 
poor outcomes associated with small vessel stenting include a smaller 
post-procedural minimal luminal area, a higher degree of vessel injury, 
and a higher metal strut density.12 Percutaneous coronary intervention 
at coronary bifurcations is also associated with higher rates of resten-
osis and target lesion revascularization compared with non-bifurcation 
lesions.13 Of importance, an appropriate technique (provisional vs. 

two-stent technique) is crucial to improve final stent geometry and ves-
sel wall apposition, thus minimizing the risk of ISR.13

Stent characteristics
Stent-related factors influencing ISR include stent characteristics, such 
as type, strut thickness, and the occurrence of stent fracture.14 A pleth-
ora of different stent designs are available nowadays, but no single stent 
design incorporates all the characteristics of an ‘ideal stent’. For ex-
ample, thinner stent struts are said to be associated with improved local 
blood rheology and less neointimal hyperplasia, although in specific sub-
sets of conditions (i.e. chronic total occlusion), ultrathin-strut DESs 
(60 mm) have resulted in higher degrees of late lumen loss compared 
with thin-strut (81 mm) DES.15 A stent fracture is defined as a com-
plete or partial separation of a stent that appears contiguous at the 
time of original implantation. This complication affects local drug deliv-
ery and causes a loss of platform support. Factors related to stent frac-
ture include PCI of the right coronary artery, excessive vessel tortuosity 
or angulation, and longer or overlapping stents.15 Conversely, stents 
with larger diameters or an open-cell design appear to have a lower 
risk of fracture.13

Lesion morphology
Heavily calcified lesions may result in suboptimal stent expansion and 
wall apposition, thus explaining why severe coronary artery calcifica-
tions are associated with higher rates of target lesion 

Figure 1 The histology of neointimal hyperplasia. (A) van Gieson’s elastin–stained cross-section of the stented segments. Intima hyperplasia is limited 
in the segments treated with bevacizumab stent and more pronounced in the arterial segments treated with control stent (×40). (B) Representative 
photomicrographs with haematoxylin and eosin staining at the stented segments, showing the difference in the neointima hyperplasia between the two 
groups (×200). Reproduced with permission from Stefanadis et al.51
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revascularization.14 Residual uncovered atherosclerosis, as well as baro-
trauma at the stent edge, is associated with ISR. Residual plaque burden 
and lipid-rich plaque are also associated with edge restenosis after DES 
implantation.16 Other lesion factors include a lipid arc of >185° and a 
minimum stent area of 4.1 mm2.16

Procedural factors
Optimal stent implantation is key to reducing the risk of ISR.17

Procedural factors predisposing to ISR include, among others, stent un-
derexpansion, stent malapposition, and stent gap (Figure 4). Undersizing 
or poor lesion preparation during stent implantation are the most com-
mon causes of stent underexpansion, causing a smaller post-procedural 
minimal stent cross-sectional area, which, in turn, is associated with 
ISR.17 Similarly, over-dilatation has also been related to the possibility 
of increasing the frequency of ISR. Indeed, excessive stent post- 
dilatation enhances tissue proliferation in response to greater vessel in-
jury, by altering the mechanical properties of the stent, disrupting the 
polymer coating, and increasing the distance between the stent struts.

Unlike underexpansion, stent malapposition refers to struts that are 
not apposed to the vessel wall and therefore form a virtual space be-
tween the struts and the arterial intima. Malapposition usually occurs 
when stents are undersized or in arteries with significant tortuosity 
and/or with variations in lumen diameter.13 Interestingly, acute 

malapposition is not associated with a higher risk of stent-related ad-
verse events, while late malapposition has been associated with an in-
creased risk of ISR. Finally, a stent gap—a discontinuous coverage of 
coronary lesions between two stents—leaves a zone of the coronary le-
sion not exposed to the antiproliferative effect of the eluted drug and 
the mechanical support of the strut, thus increasing the risk of ISR.13

Biological pathways
Regardless of the factors initiating ISR, there are common pathophysio-
logical pathways of this complication, consisting of the multiple molecu-
lar phenomena triggered by mechanical PCI-related trauma.17 These 
biological pathways are the local and systemic responses that occur 
after denudation of the endothelial cells during balloon angioplasty 
and stenting, such as inflammation, hypersensitivity, and stem cell mo-
bilization. The results of these processes may be either the healing or 
pathological processes, leading to the pathological substrates of ISR 
(neointimal hyperplasia and/or neo-atherosclerosis).

Vascular inflammation
The role of inflammation in the development of ISR is clearly demon-
strated by the evidence that autoimmune diseases, including inflammatory 

Figure 2 Histological findings of neo-atherosclerosis. (A) Cross-sectional histology of a bare-metal stent implanted in the coronary artery for 7 years 
ante mortem (×20). (B) High-power image of the box in A (×100). A large necrotic core containing cholesterol crystals is identified within the neointima. 
The fibrous cap overlying the necrotic core is infiltrated by numerous foamy macrophages and is markedly thinned (arrowheads point to thinnest por-
tion), which resembles vulnerable plaque encountered in native coronary arteries. The asterisks represent metal struts. (C ) Cross-sectional histology of 
a paclitaxel-eluting stent implanted in the coronary artery for 4 years ante mortem (×40). (D) High-power image of the box in C (×200). A relatively small 
necrotic core containing cholesterol crystals is formed around metal struts (asterisk). The fibrous cap is infiltrated by numerous foamy macrophages and 
is markedly thinned (yellow arrowheads point to the thinnest portion). NC, necrotic core; PES, paclitaxel-eluting stent. Reproduced with permission 
from Park et al.52
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bowel diseases, rheumatoid arthritis, systemic lupus erythematosus, 
antiphospholipid-antibodies syndrome, and Hashimoto’s thyroiditis, are 
a risk factor for ISR.18 Indeed, vascular inflammation involves complex in-
teractions between numerous cell types that release pro-inflammatory 
markers, cytokines, chemokines, and/or express cellular adhesion mole-
cules (CAMs).19 Specifically, immediately following PCI, the surrounding 
endothelial cells are activated by pro-inflammatory cytokines, such as 
C-reactive protein, interleukin-1 beta (IL-1β), IL-6, transforming growth 
factor-beta (TGF-β), and tumour necrosis factor-alpha (TNF-α) secreted 
by monocytes (Figure 5).20 Inflammatory cytokines stimulate growth fac-
tors such as platelet-derived growth factor and fibroblast growth factor, 
which, in turn, trigger the activation of vascular SMCs and their migration 
to the intima, thus initiating restenosis.21

Considering the synergistic effects of inflammatory cytokines and 
growth factors in the pathogenesis of restenosis, these factors can 
also be used for prognostic purposes. C-reactive protein, which was 
originally used as a marker of inflammation in the BMS era,22 does 
not have any predictive role in the current DES era, as drugs eluted 
from stents halt the local inflammatory response that leads to ISR.23

In an attempt to identify alternative biomarkers of the risk of ISR, mul-
tiple studies have assessed the relation of ISR to matrix metalloprotei-
nases (MMPs), plasminogen activator inhibitor-1, and the complement 
components C3a and C5a.24 Of them, a clear association with ISR has 
been demonstrated only with MMPs,25 which play fundamental roles in 
the migration of vascular SMC matrix remodelling, thus suggesting that 
they may predict a greater risk of ISR after DES implantation.

Hypersensitivity (allergic inflammation)
Besides classic inflammatory reactions, there is evidence suggesting that 
the effector cells of allergic inflammation may play a role in adverse re-
actions following coronary stent implantation.26 Initially described by 
Ehrlich,27 mast cells and eosinophils play a pivotal role in allergic inflam-
mation. Evidence of the reciprocal modulation of functions between 
these two cell types through soluble mediators led to the definition 
of an ‘allergic effector unit’.28 Apart from the well-known systemic 
IgE-dependent pathway of allergic inflammatory activation, these cells 
are also endowed with a large repertoire of receptors, allowing them 
to respond to different IgE-independent local or systemic stimuli. 
Once activated, mast cells and eosinophils release a plethora of cyto-
kines, growth factors, and vasoactive agents able to mediate tissue in-
flammation and remodelling.29

Metal stent struts and polymers may promote the local recruitment 
and activation of effector cells in allergic inflammation. In particular, 
IgE-independent phenomena, such as Type IV hypersensitivity or foreign 
body–induced activation, may be involved, resulting in delayed arterial 
healing with incomplete stent re-endothelialization and stent malapposi-
tion, conditions that may predispose to stent thrombosis (Figure 6).30

Accordingly, eosinophilic infiltrates surrounding stent struts have been 
described in ISR tissue of patients treated with BMSs, but rarely in post- 
balloon restenotic tissue.30 It is also worth noting that histopathological 
studies have shown that eosinophilic infiltrates are found more frequent-
ly with DES than with BMS, suggesting that allergy-mediated inflamma-
tion plays a greater role with ISR-DES than with ISR-BMS.28

Figure 3 The central role of biological mechanisms over possible underlying factors in the occurrence of in-stent restenosis. Reproduced with per-
mission from Maleknia et al.53

In-stent restenosis after PCI                                                                                                                                                                               5



Pathological evidence also supports the notion that hypersensitivity to 
the polymer is the most relevant mechanism, because in vivo studies 
have shown that polymers might produce hypersensitivity reactions 
and promote inflammation in coronary arteries.28

Endothelial progenitor cells
A subset of cells that play a major role in the occurrence of ISR is con-
stituted by endothelial progenitor cells (EPCs).31 These, consisting of a 
small fraction (between 0.01 and 0.3%) of blood mononuclear cells, are 
present in peripheral blood at different stages of endothelial differenti-
ation. In recent years, it has become evident that EPC-derived paracrine 
signals play a pivotal role in orchestrating the repair processes in da-
maged tissues.32 Endothelial progenitor cells are first mobilized into 
peripheral blood in response to chemo-attractants released by ischae-
mic or damaged tissues.33 Although the way this complex mixture of 
factors modulates the activities of target cells at the molecular level re-
mains elusive, there is a general agreement that the paracrine signalling 
mediated by EPCs results in the production of an angiogenic micro-
environment that stimulates proliferation in the nearby endothelium 
(Figure 7).34 After BMS implantation, the post-PCI increase of EPCs 
over baseline identified patients at higher risk of ISR with an augmented 
count of CD34+ cells being found as the best discriminating param-
eter.35 At variance with BMSs that do not exert any direct action on 
EPCs, DES may affect the number and function of EPCs.36

First-generation DESs were shown to reduce both late lumen loss 
and CD34+ cell mobilization and were therefore linked with re- 
endothelialization. Similarly, when second-generation DESs were 

used, the number of uncovered stent struts related significantly to 
the extent of mobilization and differentiation of EPCs.37 Importantly, 
a recent meta-analysis of the 5 studies including 651 patients that 
have so far assessed the relationship of EPC at the time of PCI with 
the subsequent occurrence of ISR found that a lower baseline EPC 
count was associated with a significantly greater occurrence of ISR [haz-
ard ratio 1.33; 95% confidence interval (CI) 0.97–1.82, P = 0.045].38

Prevention of in-stent restenosis: novel 
approaches
The elucidation of the molecular and cellular mechanisms of inflamma-
tion and cellular proliferation in vascular injury and repair has powered 
the development of the so-called EPC-coated stents. In the DES era, 
concern about the use of cytostatic or cytotoxic drugs that produce 
a long-lasting inflammatory response, delayed endothelization, and 
vasomotor dysfunction prompted the idea that a bioengineered DES 
with a luminal surface covered with an anti-CD34+ antibody able to 
capture EPCs might promote a ‘controlled’ healing.39 Upon stent place-
ment, the anti-human CD34 antibodies would therefore attract circu-
lating EPCs and promote rapid stent re-endothelization. Theoretically, 
the accelerated healing should translate into a decreased risk of stent 
thrombosis and restenosis, with the potential benefit to reduce the 
duration of dual antiplatelet therapy (DAPT).39 A representative 
EPC-capturing stent was the Genous™ stent (OrbusNeich, Ft. 
Lauderdale, FL, USA), which uses monoclonal antibodies against 
CD34+. Although preliminary findings showed the safety and efficacy 
of this novel stent,40 a trend towards higher rates of target vessel failure 

Figure 4 The joint effects of cytokines and growth factors in the pathogenesis of in-stent restenosis. Representative optical coherence tomography 
findings from patients presenting with stent thrombosis: (i) persistent uncovered stent struts late after implantation; (ii) marked stent malapposition in 
the target vessel, this may have been present at the time of implantation or acquired due to late positive remodelling; (iii) neo-atherosclerotic plaque 
formation: diffuse low-signal intensity with higher backscatter in deeper neointimal layers may indicate underlying lipid-rich atherosclerotic tissue; (iv) 
severe stent underexpansion at the site of overlap of multiple stent layers. Reproduced with permission from Byrne et al.9
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with this stent has been observed subsequently in the TRI-stent 
Adjudication Study-High risk of Restenosis study41 and in the Healthy 
Endothelial Accelerated Lining Inhibits Neointimal Growth 
First-in-Man (HEALING) study and the HEALING II study.41,42

With this background, the EPC-capturing technology has been ap-
plied to a commercially available sirolimus-eluting stent to minimize 
the hyperproliferative reaction to the damaged vessel wall and suppress 
late loss.43 This led to the development of a specifically engineered de-
vice, the COMBO™ (OrbusNeich), which combines sirolimus elution 
from an abluminal biodegradable polymer matrix along with a covalent-
ly bound CD34 antibody layer, designed to control neointimal prolifer-
ation and promote vessel healing with accelerated stent strut tissue 
coverage.44 COMBO™ has been evaluated in four randomized 
controlled trials, i.e. the Randomized study to Evaluate the safety and 
effectiveness of an abluMinal sirolimus coatED bio-Engineered 
StEnt (REMEDEE)—comparing COMBO™ to the paclitaxel DES 

(Taxus Liberte™, Boston Scientific, Marlborough, MA, USA),45 the 
REMEDEE-OCT (optical coherence tomography) study,46 the Japan– 
USA Harmonized Assessment by Randomized, Multi-Center Study of 
OrbusNEich’s COMBO StEnt (HARMONEE)—comparing COMBO™ 
and XIENCE™ (Abbott Vascular, Santa Clara, CA, USA),47 and the 
SORT OUT X trial—comparing COMBO with the sirolimus-eluting 
Orsiro™ stent (Biotronik, Bülach, Switzerland).48 In this trial, 3146 pa-
tients were randomized to treatment with EPC-capturing or DES. At 
12 months, the intention-to-treat analysis showed that rates of death, 
cardiac death, and myocardial infarction at 12 months did not differ 
significantly between the two-stent groups. However, the DES was 
superior to the EPC-capturing stent mainly because the latter was as-
sociated with an increased risk of target lesion revascularization 
when compared with the former. Differences in the stent technologies 
might well explain these results, as COMBO stents have a greater strut 
thickness (100 μm). Thus, the theoretical benefit of EPC-capture 

Figure 5 The joint effects of cytokines and growth factors in the pathogenesis of in-stent restenosis. In the process of inflammation, the secretion of 
cytokines causes the invasion of inflammatory cells such as macrophages, monocytes, and T cells. Monocytes cause the proliferation of fibroblasts by 
secretion of platelet-derived growth factor. Also, platelet-derived growth factor causes more growth in monocytes. Macrophages with the secretion of 
inflammatory cytokines such as transforming growth factor-beta enhance the performance of platelet-derived growth factor, which increases vascular 
smooth muscle cells proliferation and their migration to the intima. On the other hand, the simultaneous secretion of tumour necrosis factor-alpha and 
interleukin 1 with basic fibroblast growth factor leads to stimulation of fibroblasts and endothelial cells. Endothelial cells through the secretion of vas-
cular endothelial growth factor stimulate proliferation and migration of vascular smooth muscle cells to the intima, but in the presence of transforming 
growth factor-beta, their function is inhibited. On the other hand, in the presence of basic fibroblast growth factor, fibroblasts are affected by the inter-
feron gamma, which increases the endothelial cell accumulation and provides conditions for inducing restenosis. Meanwhile, the release of TNF-α and 
interleukin 1 inhibits the biological function of the insulin-like growth factor, thus preventing the formation of the intima and reducing restenosis. bFGF, 
basic fibroblast growth factor; EC, endothelial cell; IL-1, interleukin 1; IFN-γ, interferon gamma; IGF, insulin-like growth factor; MQ, macrophage; PDGF, 
platelet-derived growth factor; TGF-β, transforming growth factor-beta; TNF-α, tumour necrosis factor-alpha; VEGF, vascular endothelial growth fac-
tor; VSMC, vascular smooth muscle cell. Reproduced with permission from Maleknia et al.53
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stents, which is currently documented only in terms of safety, will likely 
emerge when the new technology becomes available on DES with thin 
struts.

A systematic review analysed these 4 trials, including a total of 3961 
patients.38 The meta-analysis did not detect any significant difference 
between EPC-coated DES and standard DES in the 1-year occurrence 
of cardiac death [relative risk (RR) 1.146; 95% CI 0.666–1.974, P =  
0.98], but the EPC-capturing DES was associated with a significantly 
higher occurrence of target lesion revascularization when compared 
with DES (RR 1.727; 95% CI 1.199–2.487, P = 0.025). Similarly, there 
was a significantly higher occurrence of target vessel failure with 
EPC-capturing DES vs. standard DES (RR 1.591; 95% CI 1.213–2.088, 
P = 0.04). Similar findings have been reported recently by Nardin 
et al.49 who performed a large patient-level pooled analysis of subjects 
undergoing PCI with the COMBO stent participating in the randomized 
clinical trials performed so far or in observational investigations. In a to-
tal of 6753 patients, target lesion failure at 1 year occurred in 303 
(4.6%) patients. The rates of cardiovascular death, myocardial infarc-
tion, and target lesion, revascularization were 1.3, 1.8, and 2.5%, re-
spectively. The rate of definite/probable stent thrombosis was 0.73%, 
early ST (<1 month) was 0.48%, while late stent thrombosis (1–12 
months) was 0.26%. On the basis of these results, the authors con-
cluded that the low rates of unfavourable endpoints suggest that this 
stent technology may be a good alternative to other contemporary 
DES platforms.

In summary, available evidence suggests that EPC-capturing stents 
promote a rapid stent re-endothelization, which, in turn, has the po-
tential to decrease the risk of stent thrombosis and allow the use of a 
shorter duration of DAPT. However, these benefits should be 
weighed against the possibility of increasing the risk of target lesion fail-
ure and target vessel revascularization at 12 months. The additional 
ongoing randomized trial (SORT OUT XI), which is comparing 
COMBO™ vs. BioMatrix Alpha™ stent in a population of 3140 pa-
tients (NCT03952273), is currently testing the hypothesis that the 
use of a newer thin-strut technology might improve the results of 
EPC-capture stents.

Conclusions
It is now well documented that different mechanisms predispose to 
the development, severity, and patterns of ISR. Although several fac-
tors, including clinical presentation, genetics, lesion morphology, stent 
characteristics, and procedural factors, are associated with ISR, recent 
evidence shows that the common pathophysiological pathways of this 
complication are constituted by the multiple molecular phenomena 
that are triggered by the mechanical trauma caused by PCI. These bio-
logical pathways are the local and systemic responses that occur after 
denudation of the endothelial cells during balloon angioplasty and 
stenting, such as inflammation, hypersensitivity, and stem cell 

Figure 6 The role of allergic inflammation in adverse reactions after stent implantation. DES, drug-eluting stents; PCI, percutaneous coronary inter-
vention. Reproduced with permission from Niccoli et al. Circulation 2018;138:1736–1748.26
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mobilization. Unravelling the key molecular and signal pathways in-
volved in the ISR process is crucial to identify appropriate strategies 
aimed at abolishing the ‘Achille’s heel’ of PCI. With this regard, re-
search is currently focused on developing newer stents and novel 
pharmacological strategies.50 Ongoing studies are somewhat encour-
aging along these lines.
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