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Kontext: Perkutanni koronarni intervence se bézné provadi jako zpUlsob 1é¢by ischemické choroby srdecni.
Dlouhé koronarni léze casto vyzaduji implantaci vice nez jednoho stentu, coz znameng, ze se jejich jednot-
livé segmenty mohou prekryvat. Zvysena pfitomnost kovu a zménéné hojeni cév v oblasti prekryti mohou
prispivat k nezddoucimu vyslednému klinickému stavu.
Metody: V této studii jsme hodnotili pacienty po perkutanni korondrni intervenci pro dlouhé Iéze na ko-
ronarnich tepnach. Pacienti byli rozdéleni do dvou skupin podle strategie pouzité pfi implantaci stentu: im-
plantace prekryvajicich se stentd nebo implantace jednoho dlouhého stentu. Béhem sledovani se hodnotily
klinické parametry véetné vzniku vyznamnych kardiovaskularnich pfihod, infarktu myokardu, revaskulariza-
ce cilové léze, trombdzy stentu a mortalita.
Vysledky: U pacientl s prekryvajicimi se stenty byl zaznamenan pocetné vyssi vyskyt nezadoucich klinickych
pfihod, ktery nicméné nedoséhl statistické vyznamnosti. Ve skupiné s prekryvajicimi se stenty byl pozorovan
zvI&steé vyssi pocet pripadl revaskularizace cilové léze a trombdzy stentu.
Zavér: Implantace prekryvajicich se stentl v [é¢bé dlouhych koronarnich lézi mize byt spojena s trendem
zvysujiciho se rizika nezadoucich kardiovaskuldrnich pfihod. Zlepseni vysledného klinického stavu u této
skupiny pacienttl mGze napomoci uvazliva volba strategie implantace stentu.
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ABSTRACT

Background: Percutaneous coronary intervention is widely used in the treatment of coronary artery dis-
ease. Long coronary lesions frequently require implantation of more than one stent, which may lead to
overlapping stent segments. Increased metal burden and altered vascular healing in the overlapping region
may contribute to adverse clinical outcomes.

Methods: This study evaluated patients who underwent percutaneous coronary intervention for long co-
ronary lesions. Patients were divided into two groups according to the stenting strategy: overlapping stent
implantation and single long stent implantation. Clinical outcomes including major adverse cardiovascular
events, myocardial infarction, target lesion revascularization, stent thrombosis, and mortality were assessed
during follow-up.

Results: Patients treated with overlapping stents demonstrated numerically higher rates of adverse clini-
cal events without reaching statistical significance. In particular, target lesion revascularization and stent
thrombosis were observed more frequently in the overlapping stent group.

Conclusion: Overlapping stent implantation in the treatment of long coronary lesions may be associated
with a trend toward increased risk of adverse cardiovascular events. Careful selection of stenting strategy
may help improve clinical outcomes in these patients.
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Introduction

Coronary artery disease remains one of the leading causes
of morbidity and mortality worldwide despite significant
advances in diagnostic and therapeutic strategies. Percu-
taneous coronary intervention has become a cornerstone
in the treatment of obstructive coronary artery disease
and is widely performed to restore coronary blood flow
and improve clinical outcomes. The introduction of drug-
-eluting stents has significantly reduced rates of restenosis
and repeat revascularization compared with bare-metal
stents, representing a major milestone in interventional
cardiology.!

Despite these advances, the treatment of long coro-
nary lesions continues to pose important procedural and
clinical challenges. Long lesions are commonly associated
with diffuse atherosclerosis, increased plaque burden,
and complex vessel morphology. These characteristics
have been shown to increase the risk of restenosis, tar-
get lesion failure, and other adverse cardiovascular out-
comes following percutaneous coronary intervention.2
Consequently, achieving complete lesion coverage often
requires the implantation of multiple stents.

In clinical practice, long coronary lesions frequently
necessitate the use of more than one stent, resulting in
overlapping stent segments. Stent overlap may increase
the total metal burden within the treated vessel and
may lead to alterations in local vascular biology. Experi-
mental and pathological studies have suggested that
overlapping segments may be associated with delayed
endothelial healing, increased inflammatory response,
and greater neointimal proliferation.3 In addition, over-
lapping regions may disrupt normal coronary flow dy-
namics, which may further contribute to thrombotic
complications.

Several clinical studies have investigated the potential
impact of stent overlap on clinical outcomes. Earlier stud-
ies suggested that overlapping stents were associated
with increased rates of restenosis and stent thrombosis,
particularly in the era of first-generation drug-eluting
stents.* However, with the introduction of newer-gen-
eration drug-eluting stents characterized by thinner
struts, improved polymers, and enhanced drug delivery
systems, the clinical implications of stent overlap remain
controversial. Some studies have reported comparable
outcomes between overlapping and non-overlapping
stenting strategies, while others have continued to dem-
onstrate an increased risk of adverse events in overlap-
ping segments.®

Given the increasing complexity of coronary inter-
ventions and the frequent need to treat long lesions in
contemporary practice, understanding the clinical impli-
cations of stent overlap remains highly relevant. Clari-
fying whether overlapping stent implantation affects
long-term clinical outcomes may help guide procedural
strategies and optimize patient management during per-
cutaneous coronary intervention.

Therefore, the present study aimed to evaluate the ef-
fect of stent overlapping regions on clinical outcomes in
patients undergoing percutaneous coronary intervention
for long coronary lesions.

Methods

Study design and study population
This study was designed as a single-center retrospective
observational study. Consecutive patients who under-
went percutaneous coronary intervention for long co-
ronary lesions at the cardiology department between
January 2019 and December 2025 were retrospectively
screened. Clinical, angiographic, and procedural data
were obtained from the hospital electronic medical re-
cord system and catheterization laboratory database.
Patients aged 18 years or older who underwent percu-
taneous coronary intervention for a coronary lesion with
a total stent length greater than or equal to 30 mm were
included in the study. Patients with previous coronary ar-
tery bypass graft surgery, cardiogenic shock at presenta-
tion, in-stent restenosis, or incomplete clinical follow-up
data were excluded from the analysis.

Definition of long coronary lesion

Long coronary lesion was defined as a coronary stenosis
requiring a total stent length of 30 mm or greater during
percutaneous coronary intervention. Lesion length was
determined based on coronary angiographic assessment
performed by experienced interventional cardiologists.

Study groups

Patients were divided into two groups according to the
stenting strategy used during the index procedure. The
overlapping stent group consisted of patients in whom
two or more stents were implanted with overlapping
segments to achieve complete lesion coverage. The non-
-overlapping group included patients treated with a sin-
gle long stent without overlapping segments.

Percutaneous coronary intervention
procedure

All coronary angiography and percutaneous coronary
intervention procedures were performed according to
standard clinical practice guidelines. Vascular access was
obtained through either the radial or femoral artery de-
pending on operator preference. Lesion characteristics,
stent diameter, and stent length were determined by the
interventional cardiologist based on angiographic fin-
dings. Drug-eluting stents were used in all patients. Post-
-dilatation was performed when considered necessary to
optimize stent expansion.

Data collection

Demographic characteristics, cardiovascular risk factors,
angiographic findings, procedural details, and follow-
-up outcomes were collected retrospectively from medi-
cal records and the institutional database. Angiographic
data included lesion length, target vessel, stent diameter,
stent length, and number of implanted stents. Follow-up
data were obtained from hospital records and outpatient
visits, and when necessary, by telephone contact.

Clinical outcomes and definitions
The primary outcome of the study was the occurrence
of major adverse cardiovascular events during 12-month
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follow-up. Major adverse cardiovascular events were de-
fined as a composite of cardiovascular death, myocardial
infarction, target lesion revascularization, or definite
stent thrombosis.

Myocardial infarction was defined according to the
Fourth Universal Definition of Myocardial Infarction.
Stent thrombosis was defined according to the Academic
Research Consortium (ARC) criteria. Target lesion revas-
cularization was defined as repeat percutaneous coro-
nary intervention or coronary artery bypass graft surgery
performed due to restenosis or re-occlusion within the
previously treated lesion segment. Stent thrombosis was
defined according to standard clinical definitions.

Statistical analysis

Continuous variables were expressed as mean + standard
deviation, and categorical variables were presented as
numbers and percentages. The normality of data distri-
bution was assessed using the Kolmogorov-Smirnov test.
Continuous variables were compared using the Studen-
t's t-test or the Mann-Whitney U test as appropriate. Ca-
tegorical variables were compared using the chi-square
test or Fisher's exact test when necessary. A two-sided
p-value of less than 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using sta-
tistical software.

Ethics statement

The study protocol was reviewed and approved by the
Scientific Research Ethics Committee of the Faculty of
Medicine at Health Sciences University Erzurum City
Hospital. Ethical approval was granted on December 10,
2025 (Meeting No: 12, Decision No: 297; Approval No:
2025/297). The study was conducted in accordance with
the principles of the Declaration of Helsinki. Due to the
retrospective design of the study, the requirement for in-
formed consent was waived by the ethics committee.

Results

Study population

A total of 214 patients who underwent percutaneous co-
ronary intervention for long coronary lesions were inclu-
ded in the study. According to the stenting strategy, pati-
ents were divided into two groups: the overlapping stent
group (n = 96) and the single long stent group (n = 118).

Baseline clinical characteristics

Baseline clinical characteristics of the study population
are presented in Table 1. The mean age of the overall
population was 63.4 + 10.8 years, and 68% of the pati-
ents were male. The prevalence of major cardiovascular
risk factors, including hypertension, diabetes mellitus,
hyperlipidemia, and smoking, was similar between the
two groups. No statistically significant differences were
observed between the groups with respect to baseline
demographic or clinical characteristics.

Angiographic and procedural characteristics
Angiographic and procedural characteristics are summa-
rized in Table 2. Lesion length was significantly longer in

the overlapping stent group compared with the single
stent group (38.6 = 6.4 mm vs 31.2 + 4.8 mm, p <0.001).
Accordingly, the mean stent length and the number of
implanted stents were significantly higher in the over-
lapping stent group. Drug-eluting stents were used in all
patients. Procedural success was achieved in the majority
of cases, and post-dilatation rates were comparable be-
tween the two groups.

Clinical outcomes
Clinical outcomes during follow-up are presented in Table
3. Major adverse cardiovascular events were numerically
higher in the overlapping stent group; however, the di-
fference did not reach statistical significance (14.6% vs
7.6%, p = 0.09). Target lesion revascularization was sig-
nificantly higher in the overlapping stent group (8.3%
vs 3.4%, p = 0.048). Stent thrombosis occurred more fre-
quently in the overlapping stent group; however, the dif-
ference did not reach statistical significance.

The rates of myocardial infarction and cardiovascular
death were similar between the two groups.

Table 1 - Baseline clinical characteristics

Variable Overlapping  Single stent p-value
stent(n=96) (n=118)
Age (years) 64.1 £ 10.2 62.8 = 11.1 0.38
Male sex, n (%) 66 (68.7) 79 (66.9) 0.77
Hypertension, n (%) 58 (60.4) 69 (58.5) 0.78
Diabetes mellitus, n (%) 34 (35.4) 38 (32.2) 0.63
Hyperlipidemia, n (%) 46 (47.9) 54 (45.8) 0.76
Current smoking, n (%) 29 (30.2) 32 (27.1) 0.61

Table 2 - Angiographic and procedural characteristics

Variable Overlapping Single stent p-value
stent(n=96) (n=118)

Lesion length (mm) 38.6 +6.4 31.2+48 <0.001

Stent length (mm) 448 +7.3 345+5.6 <0.001

Number of stents 2104 1.0+ 0.0 <0.001

Post-dilatation, n (%) 58 (60.4) 69 (58.5) 0.79

Radial access, n (%) 71 (74.0) 85 (72.0) 0.74

Table 3 - Clinical outcomes during follow-up

Outcome Overlapping  Single stent  p-value
stent(n=96) (n=118)

Major adverse 14 (14.6) 9 (7.6) 0.09

cardiovascular events,

n (%)

Myocardial infarction, 4(4.2) 3 (2.5) 0.49

n (%)

Target lesion 8 (8.3) 4 (3.4) 0.048

revascularization, n (%)

Stent thrombosis, n (%) 3 (3.1) 1(0.8) 0.18

Cardiovascular death, 2 (2.1) 2(1.7) 0.85

n (%)
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Discussion

In the present study, we evaluated the clinical impact of
stent overlapping in patients undergoing percutaneous
coronary intervention for long coronary lesions. The main
findings of our study were that overlapping stent implan-
tation was associated with a higher rate of target lesion
revascularization during follow-up, whereas other major
adverse cardiovascular outcomes such as myocardial in-
farction and cardiovascular mortality were comparable
between patients treated with overlapping stents and
those treated with a single long stent.

The treatment of long coronary lesions remains one
of the most challenging scenarios in contemporary inter-
ventional cardiology. Diffuse atherosclerotic disease and
increased plaque burden frequently require implantation
of multiple stents to achieve complete lesion coverage.
Previous studies have demonstrated that lesion length
is an important predictor of restenosis and adverse
clinical outcomes after percutaneous coronary interven-
tion.® It should be noted that lesion length was signifi-
cantly greater in the overlapping stent group, which may
have influenced the observed outcomes. Lesion length
is a well-established predictor of adverse events follow-
ing percutaneous coronary intervention and may act as
a confounding factor in the relationship between stent
overlap and clinical outcomes.

One of the main concerns regarding stent overlap is
the increased metal burden within the vessel wall. Patho-
logical and experimental studies have demonstrated that
overlapping stent segments may lead to delayed endo-
thelialization, increased inflammatory response, and ex-
cessive neointimal proliferation.? These mechanisms may
increase the risk of restenosis and thrombotic complica-
tions.

Several clinical investigations have evaluated the clini-
cal implications of overlapping stents. Earlier studies con-
ducted during the first-generation drug-eluting stent
era demonstrated higher rates of restenosis and repeat
revascularization in overlapping segments.” Similarly, ob-
servational studies have reported that overlapping stent
implantation may be associated with an increased inci-
dence of target lesion failure and adverse cardiovascular
events.?

However, with the introduction of newer-generation
drug-eluting stents characterized by thinner struts and
improved polymer biocompatibility, the clinical impact of
stent overlap remains controversial. Recent studies have
suggested that newer-generation stents may mitigate
some of the adverse vascular responses associated with
overlapping segments.*

In our study, we observed a higher rate of target le-
sion revascularization in patients treated with overlap-
ping stents. This finding is consistent with previous stud-
ies reporting that increased metal density and vessel wall
injury in overlapping segments may promote neointimal
hyperplasia and restenosis.®

On the other hand, the rates of myocardial infarc-
tion and cardiovascular mortality were similar between
the two groups in our study. These findings are consis-
tent with several contemporary studies indicating that
although stent overlap may increase repeat revascu-

larization, it does not necessarily translate into higher
mortality or myocardial infarction rates during mid-term
follow-up.°

Overall, our findings emphasize the importance of
careful procedural planning when treating long coronary
lesions. Whenever technically feasible, minimizing stent
overlap or using a single long stent may reduce the risk of
repeat revascularization.

Study limitations

This study has several limitations. First, this was a retro-
spective single-center observational study and therefore
may be subject to selection bias. Second, the relatively
small sample size may limit the statistical power to de-
tect differences in less frequent clinical outcomes. Thi-
rd, intravascular imaging techniques were not routinely
used, which may have provided additional insights into
stent expansion and overlap geometry. In addition, lesion
length was significantly longer in the overlapping stent
group, which may have confounded the association be-
tween stent overlap and clinical outcomes. No multivaria-
ble adjustment analysis was performed due to the sample
size, and therefore the findings should be interpreted
with caution. Finally, the follow-up duration was limited
to 12 months.

Conclusion

In patients undergoing percutaneous coronary interven-
tion for long coronary lesions, overlapping stent implan-
tation was associated with a higher rate of target lesion
revascularization during follow-up. However, other ma-
jor adverse cardiovascular outcomes were comparable
between overlapping and non-overlapping stenting stra-
tegies.
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