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(Abstract

management.

Coronary artery disease remains one of the leading causes of cardiovascular mortality worldwide. With advancement of medi-
cal therapy, percutaneous coronary intervention with stenting has become a cornerstone in the management of acute coronary
syndrome. However, complications such as restenosis of stent has become a bane in the treatment of coronary artery disease.
Factors such as sedentary lifestyle, nonadherence to medication, mechanical factors such as stent expansion, stent trauma,
stent allergy, genetic factors have been implicated in the occurrence of in-stent restenosis. Patients often present in overt
symptomatic acute coronary syndrome. Coronary angiography remains the mainstay of diagnosis. Treatments such as place-
ment of drug-eluting stents, drug coated balloons, vascular brachytherapy and balloon angioplasty have been employed in the
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Introduction

Coronary Artery Disease (CAD) results from accumulation of
fat plaques within the walls of the arteries that supply the heart
myocardiuml1. Globally, CAD is one of the leading causes of
death [1]. Numerous clinical studies have shown that athero-
sclerosis is the most crucial cause of CAD which comprises
lipid adherence to the arterial wall thus inducing inflammation
and endothelial dysfunction, resulting in the proliferation and
migration of vascular smooth muscle cells and eventually inti-
mal hyperplasia [2].

Since its inception, Percutaneous Coronary Intervention (PCI)
has been effective in the primary treatment of complex CAD
which has helped in the management of Myocardial Infarction
(MI), and death related to acute coronary syndrome (ACS) [3].
However, PCI may cause a few types of complications such as
traumatic coronary artery dissection, coronary artery perfora-

tion, coronary artery restenosis, and iatrogenic coronary artery
thrombosis [3]. Restenosis in coronary arteries typically oc-
curs within 6 months to 12 months post-PCI with about 50% of
the artery occluded and this scenario becomes more prominent
with high morbidity if a drug eluting stent was placed [4]. With
the use of modern drug-eluting stents (DES), in-stent resteno-
sis (ISR) happens in 2-10% of PCI cases [5].

Multiple factors have been implicated in the science and mech-
anism of coronary artery restenosis after PCI such as endo-
thelial progenitor cells (EPCs), Specificity Protein 1 (SP1),
Calcineurin-Like Phosphodiesterase Domain containing 1
(CPPED1), medication non-compliance (Statins, and renin—an-
giotensin—aldosterone system blockers reduce in-stent resteno-
sis), high levels of HB-EGF, interleukin-10 and interleukin-18,
and sedentary lifestyle [1,6-10]. A study also argued there may
be an association between the occurrence of ISR and anemia
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thus recommending that anemia should be assessed at the fol-
low up clinic visits [9]. The etiology and management of ISR
has been a major niche in the field of interventional cardiology,
our study aims to review the current literatures on the factors,
causes, etiologies, and remedies available for the prevention of
restenosis in patients post-PCI.

Review

Methodology: We based our study on a defined set of inclu-
sion and exclusion criteria.

Inclusion Criteria: We included studies within the last 10
years. We searched PubMed, Google Scholar, EMBASE and
the Cochrane databases for relevant studies. We included ar-
ticles from 2013 to 2023 and considered systematic reviews,
meta-analyses, randomized control trials, and clinical trials.
Keywords for the search included “restenosis” and “percutane-
ous coronary intervention”; we combined the keywords in ev-
ery combination to generate all possible articles for screening.
Our keyword combinations and search results generated a total
of 800 articles. We read the abstracts with our objectives, the
inclusion criteria, and the exclusion criteria (below) in mind,
which narrowed them down to 80 full-text articles. Ultimately,
we included 67 articles in our review (Figure 1).
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Figure 1: PRISMA chart detailing the systematic search.

Exclusion Criteria: We excluded all studies case reports, case
series, articles in languages other than English, and non-full-
text articles.

Discussion

Epidemiology of modern-day percutaneous coronary inter-
vention

There are several articles postulating varying degrees of change
as regards the utilization of PCI over the years. Interestingly,
the prevalence of PCI when stratified as urgent, elective, in-pa-
tient or outpatient differs [11]. A somewhat recent retrospective
study using data from 4 states in the US showed that between

2010 to 2017, there was a 14.9% increase 1n the rates of urgent
PCI performed but a somewhat stable rate of elective PCI[11].
It also showed a decrease in inpatient PCIs but a noteworthy
97.3% increase in the prevalence of outpatient PCI [11]. All
trends in this study were statistically significant [11]. There
have also been reports of increased trends in incidence of com-
plex PCI cases [12] explained by the continuous evolution of
PCI and the emergence of data showing comparable outcomes
in selected complex cases when compared to CABG [13,14].
The fact that the PCI is a less invasive and more tolerable pro-
cedure has increased its utilization and could also play a part,
seeing the increasing age, co-morbidity index and changes to
the risk-profile of the current patient population [15]. A similar
trend was replicated by a study that analyzed the New South
Wales Admitted Patient Data Collection (NSW APDC) show-
ing a 35% increase in the annual PCI rate between 2008 and
2019 [15].

It is also important to note the significant increase in the num-
ber of hospitals with the capacity to perform PCI procedures
[16]. Between 2003 and 2011, there was a 21.2% increase in
the number of PCI capable centers and the advent of the new
CMS rule allowing PCI in ambulatory surgical centers follow-
ing data supporting the possibility of same-day-discharge and
lower cost incurred might further this trend [16,17]. On another
note, there was a noteworthy longer delay in symptoms to first
medical contact and the door to balloon time during the peak
of the COVID 19 pandemic in 2020 but fortunately, this had
no significant effect on major adverse cardiac events (MACE)
depicting the perseverance of esteemed quality in PCI manage-
ment [18].

Pathophysiology of restenosis in coronary artery disease
Mechanism of restenosis in PCI In-Stent Restenosis (ISR) has
been known to be a major complication reducing the long-term
efficacy of coronary artery stenting, for which Drug-Eluting
Stents (DES) were developed to overcome [19]. Resteno-
sis results from vascular injury caused by balloon dilatation
and stent implantation, arising from inflammatory responses
triggered by endothelial denudation, mechanical stretch, and
subintimal hemorrhage [20]. This culminates in a cascade of
various proliferative processes [20]. Vascular smooth muscle
cell activation such as proliferation, differentiation, migration,
extracellular matrix synthesis, and migration of matrix metal-
loproteinase results in the formation of neointimal hyperpla-
sia [21,22]. DES acts by releasing adequate amounts of anti-
inflammatory, immunomodulatory, or antiproliferative agents,
well distributed at the site of vascular injury during the early
phase of healing [20]. Although various notable predictors for
ISR have been recognized, the precise reasons for DES reste-
nosis are still not fully understood [23]. Multiple factors such
as biological, mechanical, technical, and genetic have been
shown to play key roles in DES restenosis [23].

Biological Factors

Inflammation

Inflammation causes several proliferative processes, thus play-
ing a vital role in the pathogenesis of ISR, promoting neointi-
mal proliferation [24]. C-reactive protein (CRP), a commonly
used inflammatory biomarker, has been shown to predict ISR
[20]. An increase in baseline and post-procedural CRP levels
is associated with Bare-Metal Stent (BMS) restenosis [25,26].
However, CRP levels do not significantly predict the risk of
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DES restenosis as the eluted drug can eliminate local inflamma-
tory responses that could lead to ISR in patients with enhanced
systemic inflammatory response [27,28]. Although, increased
CRP is associated with an increased risk of DES thrombosis
[29]. Other significant inflammatory markers that have been
evaluated for increased risk of DES include complements C3a
and C5a, plasminogen activator inhibitors, and matrix metal-
loproteinases (MMPs) [30-32]. MMPs are involved in the mi-
gration of vascular smooth muscle cell matrix remodeling [33].
Some studies have shown an association between MMPs and
the occurrence of DES restenosis [33].

Neo atherosclerosis

Neo atherosclerosis is due to the accumulation of lipid foamy
macrophage in the neointimal, with or without necrotic core
and calcium [34,35]. In-stent neo-atherosclerosis has been re-
ported to be an important factor in late vascular complications
seen in PCI, which includes late ISR and late stent thrombosis
[20]. In BMS, it was seen that restenosis with neo-atheroscle-
rosis emerged after 3 years with a prevalence of 15.4%, while
in DES, ISR with neo-atherosclerosis was seen at an earlier
time with subsequent increase with time [20]. Neo atheroscle-
rosis is suggested to be accelerated dysfunctional and incompe-
tent endothelial coverage of the stented segment, especially in
DES [20]. Optical Coherence Tomography (OCT) is the most
suitable modality in assessing neo-atherosclerosis and helps in
distinguishing it from neointimal hyperplasia [20]. Neo athero-
sclerosis on OCT is characterized by a heterogeneous composi-
tion with an in-stent necrotic core with a thin fibrous cap, lipid
or calcification, and foamy macrophage accumulation, while
neointimal hyperplasia is seen as a homogeneous bright layer
on OCT [20,36].

Medication Resistance

Resistance to antiproliferative drugs has been suggested to be a
cause of restenosis [20]. One such is that of resistance to drugs
acting on mTOR receptors [20]. Sirolimus and other drugs in
its class inhibit the function of the mammalian Target of Ra-
pamycin (mTOR) causing suppression of smooth muscle cell
migration and proliferation by arresting cells in the G1 phase or
even inducing apoptosis of cells [20]. However, mutations of
mTOR or FKBP12 prevent rapamycin from binding to mTOR
[37,38]. Likewise, mutations or defects of mTOR-regulated
proteins, including S6K1,4E-BP1, PP2A-related phosphatase,
and p27 (Kipl) contribute to rapamycin insensitivity [20]. In
the same vein, resistance to Paclitaxel, which binds B-tubulin
subunits of microtubules causing interference with microtu-
bule dynamics and preventing their depolymerization, is also
suggested to cause restenosis20. Paclitaxel resistance is due to
increased expression of the mdr-1 gene and its products [20].

Stent Allergy

Hypersensitivity reactions to any component of DES includ-
ing the anti-stenotic drug, drug carrier vehicle(polymer), and
the stent platform may lead to restenosis after implantation
[20]. Previously, allergic reactions to nickel and molybdenum
released from BMS were one of the triggering mechanisms for
ISR [20].

Mechanical Factors

Stent Expansion

Stent under-expansion or over-dilation of an undersized stent is
associated with DES restenosis. Stent under-expansion results
from poor expansion mainly due to calcified lesions and chron-

1c stent recoil [20]. Stent under-expansion can be visualized
in cross-sectional intravascular ultrasound or OCT image [20].
Multiple studies using intravascular ultrasound have revealed
that stent under-expansion is an important predictor of reste-
nosis after DES implantation [23,29]. This is likely explained
as when the minimum stent area is small at baseline, the ex-
pected neointimal hyperplasia is assumed to be significant,
compared to when the minimum stent area is large, the same
amount of neointimal hyperplasia would be less in causing ISR
[20]. There is also low shear stress and flow reversal with stent
under-expansion as it disrupts blood flow. This cascades into
multiple progressive events leading to neointimal growth [40].
Paradoxically, over-dilatation has been suggested to cause re-
stenosis, this is due to extreme post-dilatation, impairing the
effectiveness of DES by enhancing tissue proliferation. In re-
sponse to greater vessel injury, altering the mechanical proper-
ties of the stent and disrupting the polymer coating [41].

Stent Trauma

Restenosis can arise from stent fracture due to local trauma
exerted on the vessel and the movement of the stent edge [42].
Furthermore, there is a decrease in local drug delivery at the
fracture area and this increases the growth of neointimal tis-
sues [20]. Predictors of stent trauma and subsequent fracture
include the length of the implanted stent, saphenous vein graft
location, and right coronary artery location [20].

Other mechanical factors include stent gap, polymer damage,
non-uniform stent strut distribution, and non-uniform drug de-
position [20,28,43,44].

Genetic Factors

Genetic factors play a vital role in inflammatory response [45],
this indirectly contributes to the development of neointimal
tissues. GENDER study revealed a variant of 2 adrenergic
receptor to be associated with elevated risk of ISR [46]. How-
ever, rare alleles of CSF2, CD14, and CCLI11 as well as poly-
morphism in the TNF gene were associated with decreased risk
of ISR [47]. In addition, polymorphism in the gene of platelet
glycoprotein Illa, Factor V Leiden, and P2Y 12 receptors affect
the risk of restenosis [48].

Clinical approach to patients with restenosis

Presentation with symptoms of myocardial ischemia in patients
post-PCI should raise concern for restenosis [49]. Patients can
present with stable angina, unstable angina, NSTEMI, and
STEMI [49]. Recent data suggest that ISR-PCI accounts for
5-10% of all PCI procedures performed in current clinical
practice [50]. ISR was previously recognized as a pathologi-
cal process. However, it is now increasingly recognized that
ISR is not benign and can commonly presents as an ACS [51].
In a retrospective analysis of the Cath-PCI registry it showed
that about 25% of the patients with ISR will present with an
NSTEMI (15.5%) or STEMI (7.8%) caused by the ISR lesion
[52]. Patients with ISR PCI were more likely to have hyper-
tension, dyslipidemia, end-stage renal disease, diabetes, con-
comitant cerebrovascular disease, peripheral arterial disease,
and chronic lung disease [52]. It is important to take a thorough
history of how well-controlled these co-morbidities are in pa-
tients suspected of restenosis [52]. It is also important to gather
information about adherence to anti-platelet therapy, and lipid-
lowering medications. Patients who come in with chest pain
should get an electrocardiogram and high sensitivity troponin
[52]. The gold standard for diagnosis of ISR is coronary angi-
ography with the aid of intracoronary imaging [53].
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Treatment

The European Society of Cardiology recommends the imple-
mentation of Drug Eluting Stents (DES) and treatment with
Drug Coated Balloons (DCB) due to their demonstrated supe-
riority and favorable outcomes in ISR treatment [54-56].

DES stands out as the most effective therapeutic option owing
to its potent anti-proliferative properties [57]. It has exhibited
superior efficacy compared to DCB in pivotal trials and net-
work meta-analyses, substantiating its status as the preferred
choice [57,39]. Nevertheless, there is currently no definitive
evidence guiding the selection of a specific DES type for DES-
ISR treatment, nor is there consensus regarding the need for
stent-type modification during additional DES implantation for
DES-ISR [57,58].

DCBs function by delivering antiproliferative therapy to the
vessel wall, eliminating the need for an additional metallic
scaffold-like DES [56]. The balloon coating typically com-
prises lipophilic active drugs and a spacer that facilitates drug
transfer from the balloon surface to the vessel wall [59]. Com-
monly employed medications include paclitaxel and sirolimus,
although recent concerns regarding increased mortality have
been raised with paclitaxel usage in peripheral interventions
[60].

Vascular brachytherapy, a technique involving the delivery
of radiation to inhibit neointimal formation within the stent
and impede neointimal cell growth in the targeted area with-
out damaging the surrounding tissue, has seen limited usage
since the advent of DES [61,62]. However, some observational
analyses suggest that Intravascular Brachytherapy (IVBT) may
play a role in managing recurrent ISR [61,62].

Additional treatment modalities, such as balloon angioplasty,
cutting and scoring balloons, ablative therapy, and bioresorb-
able scaffolds, have demonstrated inferior efficacy when com-
pared to DES and DCB, or have been associated with compli-
cations. Consequently, they are not routinely employed except
as adjunctive therapies [57,58].

In complex cases, such as ISR of the Left Main Stem (LMYS),
recalcitrant ISR in a major vessel, multivessel disease, or ISR
located in the ostial Left Anterior Descending (LAD) artery,
Coronary Artery Bypass Grafting (CABG) represents a viable
treatment option [63].

Prevention

In-stent restenosis remains a challenge in patients undergoing
PCI, requiring various mechanisms from increased vascular
proliferation to increased platelet activation which increases
the risk of thrombosis. Paclitaxel, a microtubule-stabilizing
drug has demonstrated efficacy in preventing stent restenosis
due to its antiproliferative, antiplatelet, and antithrombotic
properties [62]. A Combination of metformin and atorvastatin
a lipid-lowering drug that reduces LDL has been shown to de-
crease restenosis in a dose-dependent fashion with typical dos-
es ranging from metformin 1.5gram per day plus atorvastatin
20 milligram per night and metformin 1.5gram per day -+ator-
vastatin 40 milligram per night. Metformin reduces ISR by
inhibiting the concentration of oxandrolone and steroids [63].

Conclusion
In-stent restenosis is an established but rare complication post-

PCI. The use of modern-day drug eluting stent has helped to
decrease the incidence of ISR. Etiology remains multifacto-
rial, considering the genetic and biologic risk factors. Patients
often present with symptoms of acute coronary syndrome, with
coronary angiography being the gold standard for diagnosis.
Preventive measures with lipid lowering therapy are highly en-
couraged, as well as the use of DES and DCB for treatment.
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