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Abstract: This study aimed to compare the effectiveness of Drug-Coated Balloon (DCB) treatment with New-Generation Drug-
Eluting Stent (DES) implantation for Stent Edge Restenosis (SER). The study was conducted at LRH Peshawar from 11-02-2022
to 11-02-2023 and included 130 patients with stent edge restenosis. Ethical approval was obtained from the hospital's ethical
committee, and informed consent was taken from all patients. Patients were divided into two groups, Group A (DES) and Group B
(DCB), and their clinical outcomes were analyzed using propensity score matching (PSM). The study showed that DCB therapy
reduced the risk of target lesion revascularization (TLR) compared to DES during a median follow-up period of 1080 days. After
conducting PSM, there was no significant difference in the risk of TLR between the two groups. Moreover, there were no significant
differences in the risk of all-cause death, major adverse cardiovascular events (MACE), or TLR between Group A and Group B.
In conclusion, DCB treatment for SER was found to be equally as effective as new-generation DES following PSM. Therefore, DCB

can be considered a viable alternative to the new-generation DES for treating SER.
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Introduction

Drug-coated balloons (DCBs) are medical devices that treat
various vascular conditions, including stent edge restenosis
(Lin et al., 2018; Zhang and Chen, 2020). Stent edge
restenosis refers to re-narrowing a blood vessel at the edges
of a previously implanted stent (Ullrich et al., 2021). This
condition is attributed to the increase in smooth muscle cell
growth and the accumulation of scar tissue (known as
neointimal hyperplasia) at the stent's edges. ISR is affected
by a range of factors, including biological, genetic,
mechanical, and technical elements.(Jensen et al., 2018)
The latest generation of drug-eluting stents (DES) has
demonstrated advancements compared to the initial
generation of DES, particularly in decreasing the likelihood
of in-stent restenosis (ISR) and thrombosis (Byrne et al.,
2015).

Furthermore, performing a repeat revascularization
procedure for ISR carries a substantial risk of recurrent
ischemic events. (Tamez et al., 2021) Stent edge restenosis
(SER) represents a form of ISR that occurs specifically at
the stent's edge, making it the primary challenge associated
with ISR after stent placement. Studies have suggested that
the development of SER is linked to factors such as vessel
trauma from balloon inflation or stent deployment, the
presence of remaining plaque, and the reduced luminal
space in the stent's edge regions (Ino et al., 2016; Kim et al.,
2013; Kitahara et al., 2017). Moreover, mechanical stresses
resulting from hinge movement have been identified as
contributing to the risk of SER occurrences (Jimba et al.,
2021).

Drug-coated balloons (DCB) are medical devices used in
interventional cardiology and designed to treat narrowed or
blocked blood vessels, particularly arteries. Drug-coated
balloons (DCB) administer lipophilic anti-proliferative
drugs directly into the target vessel to inhibit neointimal
hyperplasia without including a metal stent or polymer. It is
widely acknowledged that utilizing DCBs offers a
beneficial strategy for treating de-novo coronary small
vessel disease (Cortese et al., 2020; Jeger et al., 2020b; Song
et al., 2020). Numerous studies have illustrated the efficacy
and safety of drug-coated balloons (DCBs) in addressing in-
stent restenosis (ISR) (Giacoppo et al., 2020; Kokkinidis et
al., 2018). Nevertheless, there remains uncertainty about the
results of using DCBs for SER. So, this research study
examines the clinical consequences following the
application of DCBs in SER cases compared to the latest-
generation DES. The study aimed to compare the clinical
outcomes of Drug-Coated Balloon (DCB) use for treating
Stent Edge Restenosis (SER) with New-Generation Drug-
Eluting Stent (DES) implantation.

Methodology

The following cross-sectional study was conducted at LRH,
Peshawar, over one year from February 2022 to February
2023. The study focused on patients with stent edge
restenosis aged between 40 and 80 years, regardless of
gender. To ensure the quality of the study, certain selection
criteria were put in place. Patients who had only received
medical therapy or coronary bypass surgery (CABG) were
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excluded, as were patients with medical conditions that
made using antithrombotic drugs inadvisable. Also
excluded were patients who underwent PCI with both DCB
and DES in a single coronary artery and those who had
angioplasty in a saphenous vein graft during PCI.
Approval for the ethical aspects of this study was obtained
from the hospital's ethics committee. After approval, this
study was conducted in the cardiology department of Lady
Reading Hospital Peshawar. All patients who met the
inclusion criteria and presented to the cardiology
department were included in the study, and informed
consent was obtained from all enrolled participants. The
pros and cons of the present study were explained in their
native language before signing the informed consent. The
enrolled patients were physically examined. The patients
were categorized into two groups: Group A, which received
treatment with SeQuent Please DCB, and Group B, which
received DES treatment. Group A patients were treated with
SeQuent Please DCB coated with paclitaxel, while Group B
patients were treated with the following new-generation
stents: Xience, Ultimaster, Synergy, Resolute, and Orsiro.
The data of all the registered patients was gathered from
hospital records, clinical appointments, and telephone
consultations. PCI was carried out using best clinical
practice guidelines. All patients received 100U/kg of
intravenously given unfractionated heparin before PCI.
Throughout the process, the active clotting time was kept at
or above 300 seconds. DCB was used in accordance with
the noted recommendations. We performed the DCB
angioplasty as recommended, utilizing an inflation duration
of at least 60 seconds and an inflation pressure of at least 6.
Throughout the PCI procedures, all patients underwent
imaging procedures, including intravascular
ultrasonography and optical coherence tomography (OCT).
The operators choose the device size, balloon pressure, and
inflation time, as well as the lesion preparation, pre-
dilatation balloon choice (using a semi-compliant balloon,
non-compliant balloon, or scoring balloon before DCB or
DES), and scoring balloon or non-scoring balloon pre-
dilatation balloon selection. Throughout the procedures, the
operators had the discretion to determine whether to utilize
the imaging device and perform post-dilatation. Following
PCI, group A and B patients were treated with dual
antiplatelet therapy (DAPT) for at least 6 months.

Data entry and analysis were conducted using Statistical
Package for Social Sciences (SPSS) version 23. The data
was then displayed in tabular format, presenting Mean + SD
for continuous variables and frequency and percentage for
categorical variables.

Results

There were 130 patients with a mean age of 43.67+9.47
years in the DCB group and 44.3+10.19 years in the DES
group, with an insignificant P-value of 0.68. In group A,

there were 32 (46.3%) and 34 (54.0%) male and female,
respectively, and in group B, there were 36 (53.7%) and 29
(46.0%) male and female, respectively, with P-value of
0.38. The baseline characteristics of all the patients before
propensity matching are shown in Table 1, while the
Angiographic characteristics of all the patients before
propensity matching are shown in Table 2. All patients'
Procedural characteristics before propensity matching both
groups with P-value is shown in table 3-0.

Several key variables were examined in this comparative
analysis of patients undergoing different vascular
interventions, including Drug-Coated Balloon (DCB) and
Drug-Eluting Stent (DES) procedures. While no statistically
significant differences were observed in dilatation, non-
compliant balloons, intravascular ultrasound, optical
coherence tomography (OCT), post-diameter stenosis, and
follow-up angiography between the DCB and DES groups,
significant distinctions emerged. Notably, patients in the
DCB group had a smaller mean diameter but a longer mean
length for their vascular devices than the DES group.
Additionally, DES procedures employed a higher maximal
pressure on average. Furthermore, the follow-up duration
was significantly longer for the DCB group than for the DES
group. These findings provide valuable insights into the
procedural variances and outcomes associated with DCB
and DES interventions, which can inform clinical decision-
making and patient care strategies in the context of vascular
treatments (table 3).
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Fig 1: Bar chart showing gender-wise distribution in
both groups.

Table 1: Baseline characteristics of all the patients before propensity matching (n=130)

Variables DCB
(n=65)
Age (years) 43.67(9.47)
Gender
Male 32 (46.3%)
Female 34 (54.0%)

DES P-Value
(n =65)

44.3(10.19) 0.68

36 (53.7%) 0.38

29 (46.0%)
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BMI 22.72 (3.85) 23.0 (3.761) 0.41
LVEF 54.64 (6.63) 52.84 (6.53) 0.12
Hypertension 53(81.5%) 55 (84.6) 0.03
Diabetes 34(52.3%) 50 (76.9%) 0.00
Dyslipidemia 41 (63.1%) 44 (67.7%) 0.48
Family history 29 (44.6%) 30 (46.2%) 0.86
Smoking 26 (40.0%) 28 (43.1%) 0.72
ACS 11 (16.9%) 16 (24.6%) 0.28
CKD 10 (15.4%) 13 (20.0%) 0.57
Hemodialysis 4 (6.2%) 8 (12.3%) 0.22
PVD 15 (23.1%) 19(29.2%) 0.45
Prior CABG 8 (12.3%) 5 (7.7%) 0.38
Prior Ml 19 (29.2%) 12(18.5%) 0.15
Atrial fibrillation 9 (13.8%) 11 (16.9%) 0.62
LVEF 54.64 (6.63) 52.84 (6.53) 0.12
Prior DES 55 (84.6%) 52 (80.0%) 0.49
Prior BMS 19 (29.2%) 13 (20.0%) 0.22
Medications
Aspirin 54 (83.1%) 53 (81.5%) 0.81
P2Y12 inhibitor 51 (78.5%) 47 (72.3%) 0.41
Anticoagulation 20 (30.8%) 19 (29.2%) 0.84
Table 2: Angiographic characteristics of all the patients before propensity matching (n=130)
Variables DCB DES P-Value
(n =65) (n =65)
Target vessel
Total number of lesions 65 (100.0%) 65 (100%) -
Multivessel disease 12 (18.5%) 14 (21.5%) 0.661
Left main coronary artery 3 (4.6%) 5 (7.7%) 0.46
Left anterior descending coronary artery 34 (49.3%) 35 (50.7%) 0.86
Left circumflex coronary artery 9 (13.8%) 10 (15.4%) 0.84
Right coronary artery 24 (36.9%) 18 (27.7%) 0.26
Bifurcation 11 (16.9%) 13 (20.0%) 0.65
Ostial lesion 6 (9.2%) 10 (15.4%) 0.28
Chronic total occlusion 2 (3.1%) 5 (7.7%) 0.24
Lesion length (mm) 17.90 (1.4) 20.04 (3.1) 0.00
Minimal lumen diameter (mm) 0.70 (0.10) 0.68 (0.09) 0.39
Reference vessel diameter (mm) 2.57(0.19) 2.62 (0.18) 0.10
Diameter stenosis (%) 50 (76.9%) 51 (78.5%) 0.83
Table 3: Procedural characteristics of all the patients before propensity matching (n=130)
Variables DCB DES P-Value
(n =65) (n =65)
Devices/procedure
Predilatation 62 (95.4%) 57 (87.7%) 0.11
Scoring/cutting balloon 47 (72.3%) 16 (24.6%) 0.00
Non-compliant balloon 16 (24.6%) 25 (38.5%) 0.08
Diameter of DCB/DES (mm) 2.61 (0.10) 2.67(0.13) 0.004
Length of DCB/DES (mm) 18.90 (.82) 21.2 (2.72) 0.00
Intravascular ultrasound use 50 (76.9%) 53 (81.5%) 0.51
OCT use 14 (21.5%) 12 (18.5%) 0.66
Maximal pressure (atm) 12.80 (0.97) 13.33 (1.36) 0.01
Post-diameter stenosis (%) 8 (12.3%) 9 (13.8%) 0.79
Follow-up angiography (%) 54 (83.1%) 49 (75.4%) 0.28
Follow-up (days) 887.49 (7.1) 863.35 (26.5) 0.00
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Discussion

The present study was conducted in our setup to compare
the clinical outcomes of Drug-Coated Balloon (DCB) use
for treating Stent Edge Restenosis (SER) with New-
Generation Drug-Eluting Stent (DES) implantation. This
study showed that the results and outcomes of DCB in
treating SER are similar to those of DES. Multiple studies
have pointed out that drug-coated balloons (DCB) exhibit
effectiveness and safety similar to drug-eluting stents (DES)
in the context of in-stent restenosis (ISR) (Cutlip et al.,
2007; Jensen et al., 2018). The current study further
illustrates the applicability of drug-coated balloons (DCB)
in the case of patients with lesions categorized as small
vessel disease (SVD). Specifically, mechanical damage or
movement of the stent's edge segment can lead to the
development of neointimal hyperplasia. Stent under
expansion and remaining plaque also represent risk factors
for stent edge restenosis (SER) (Gogas et al., 2013).
Therefore, DCB angioplasty is a suitable approach for
addressing SER since it has been documented to mitigate
neointimal hyperplasia and unfavorable vessel remodeling
(Jeger et al., 2020a). The release of anti-proliferative
medications from drug-coated balloons (DCB) impedes the
growth of neointima, potentially resulting in a decrease in
stent edge restenosis (SER). Furthermore, DCB therapy has
exhibited further beneficial effects, such as reducing plaque,
promoting healing responses, and encouraging favorable
vessel remodeling (Kang et al., 2013; Kleber et al., 2015).
These impacts can counteract adverse remodeling;
nevertheless, it has been documented that DCB treatment is
comparatively less efficacious in addressing in-stent
restenosis (ISR) within drug-eluting stents (DES) compared
to bare metal stents (Funayama et al., 2021; Zhu et al.,
2021). In the present study, the clinical outcomes observed
in the DCB group closely resembled those in the DES
group. Numerous potential factors contributed to the
favorable results achieved with DCB in addressing stent
edge restenosis (SER). One potential explanation lies in the
utilization of imaging techniques during the procedure.
Indeed, all patients in this study underwent assessments
using imaging modalities, such as intravascular ultrasound
or OCT. We use these imaging methods to evaluate lesions
before and after DES implantation or before DCB
angioplasty. Furthermore, calcified lesions are a recognized
risk factor for target lesion revascularization (TLR)
following DCB treatment (Peng et al., 2020). Nevertheless,
it is widely recognized that attaining thorough plaque
coverage with drug-eluting stents (DES) is essential,
ensuring that the stent's edge section is positioned within a
vessel with minimal plaque and calcification (Cortese et al.,
2018). These measures are essential for minimizing in-stent
restenosis (ISR) and thrombosis post-DES implantation.
Nevertheless, despite these precautions, stent edge
restenosis (SER) can still occur due to stent under expansion
or calcification. In such instances, high-pressure balloons
prove more effective than DCB, as DCB lacks the capability
for high-pressure ballooning. Suppose an imaging device
detects stent under expansion in stent edge restenosis (SER)
cases. In that case, it is more probable that pre-dilatation will
be employed using a high-pressure balloon to ensure

sufficient expansion before either DES implantation or
DCB angioplasty. As a result, suitable pre-dilatation was
conducted for lesions presenting stent malapposition, stent
under expansion, or calcified lesions. Therefore, imaging
techniques prove valuable in elucidating the mechanisms
underlying SER and enhancing the chances of a successful
percutaneous coronary intervention (PCI). Utilizing a
scoring balloon for pre-dilatation has the potential to
amplify the advantageous outcomes of DCB. Kufner et al.
documented that scoring balloons for pre-dilatation before
DCB angioplasty effectively reduced the incidence of
restenosis following DCB treatment (Costa et al., 2008).
Scoring balloons can achieve significant lumen expansion
while mitigating the risk of detrimental dissection following
ballooning. Additionally, the disruptions caused by the
scoring balloon in the plaque and vessel may enhance the
accelerated delivery of drugs (Kufner et al., 2017). In our
research, scoring balloons were commonly employed to
prepare lesions in the DCB group. Consequently, these
factors might have played a role in the positive results
observed with DCB treatment for stent edge restenosis
(SER), which is on par with the outcomes seen with the
latest drug-eluting stents (DES).

Similarly, long stent implantations have been linked to an
elevated risk of periprocedural myocardial infarction (MI)
and stent thrombosis (Coughlan et al., 2022; Serruys et al.,
2002). Minimizing the overlap of drug-eluting stents (DES)
and the number of DES implantations is crucial to mitigate
these adverse clinical events. Due to these considerations,
drug-coated balloons (DCB) are a valuable choice for
treating stent edge restenosis (SER).

Conclusion

It was concluded that following propensity score
matching (PSM), the incidence of target vessel
revascularization (TVR) in individuals undergoing DCB
treatment for stent edge restenosis (SER) was similar to
that observed in individuals treated with the latest-
generation drug-eluting stents (DES). Moreover, the
extended-term  outcomes of DCB treatment,
encompassing measures such as overall mortality, major
adverse cardiovascular events (MACE), and target
lesion revascularization (TLR), were similar to those
seen in DES therapy. As a result, DCB stands out as an
essential treatment choice for individuals with SER.
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