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Abstract — ST-elevation myocardial infarction (STEMI) is a life-threatening cardiovascular condition requiring immediate
revascularization. Percutaneous coronary intervention (PCI) with drug-eluting stents (DES) has been the standard treatment;
however, the long-term risks of in-stent restenosis (ISR), late stent thrombosis, and dual antiplatelet therapy (DAPT)
complications necessitate alternative approaches. Drug-coated balloon (DCB) technology has emerged as a promising
therapeutic strategy, offering advantages such as reduced foreign body implantation, homogenous drug delivery, and faster
vascular healing. DCBs deliver antiproliferative drugs directly to the vessel wall, minimizing neointimal hyperplasia and
restenosis. This review explores the efficacy, safety, and clinical outcomes of DCB-PCI in STEMI management. Additionally,
we compare DCBs with DES and discuss their potential role in high-risk patient groups, including those with small vessels and
bifurcation lesions. Challenges such as late lumen loss and the need for optimized patient selection criteria are also examined.
Finally, ongoing clinical trials and future perspectives on integrating DCBs into mainstream STEMI treatment protocols are
highlighted.
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1. Introduction

ST-elevation myocardial infarction (STEMI) remains a
leading cause of morbidity and mortality worldwide [1, 2]. It
results from the acute occlusion of a coronary artery due to
plaque rupture and thrombus formation, necessitating urgent
intervention to restore myocardial perfusion [3-6].
Traditional treatment strategies include thrombolysis and
percutaneous coronary intervention (PCI), with PCI being the
preferred approach due to its superior efficacy in reducing
infarct size and improving survival rates [7, 8]. Over the
years, drug-eluting stents (DES) have revolutionized STEMI
management by mitigating restenosis through localized drug
delivery, but concerns remain regarding in-stent restenosis
(ISR), stent thrombosis, and prolonged dual antiplatelet
therapy (DAPT) requirements [9-12].

Drug-coated balloons (DCBs) have emerged as a potential
alternative to DES, especially in cases where stent
implantation may not be ideal [12]. Unlike DES, which leave
a permanent metallic scaffold, DCBs deliver antiproliferative
drugs directly to the vessel wall without permanent implants
[13, 14], promoting faster endothelial healing and reducing
the risk of late thrombosis [15-17]. This innovation is
particularly beneficial for patients with small vessel disease,
bifurcation lesions, or those at high risk of bleeding
complications associated with long-term DAPT [18-20].

Recent studies have demonstrated promising results for
DCB use in STEMI, showing comparable efficacy to DES in

preventing  restenosis  while  minimizing  long-term
complications [21, 22]. Clinical trials such as REVELATION
[23] and PEPCAD NSTEMI [24] have suggested that DCBs
can achieve favorable outcomes, particularly in carefully
selected patient populations [25, 26]. However, challenges
such as optimal patient selection, adequate lesion preparation,
and concerns regarding late lumen loss need to be addressed
before DCBs can be widely adopted in STEMI management
[27-29].

This review provides a comprehensive analysis of DCB-
based PCI in STEMI treatment, evaluating its clinical
benefits, potential limitations, and future prospects. By
integrating the latest evidence from clinical studies and trials,
we aim to highlight the role of DCBs in contemporary
interventional cardiology and their potential to redefine
STEMI management protocols.

2. Mechanism of Action of Drug-Coated Balloons

DCBs function by delivering a controlled dose of
antiproliferative drugs [30], such as paclitaxel or
sirolimus, to the vessel wall via a hydrophilic excipient as
illustrated in figure-1. Unlike DES, which continuously
release drugs over time, DCBs provide rapid and localized
drug uptake, reducing neointimal proliferation and
restenosis [31, 32]. This mechanism eliminates the need
for a permanent scaffold, allowing for more natural vessel
healing and reducing the risk of chronic inflammation and
late stent thrombosis [33-35].
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Preclinical studies have demonstrated that DCBs
achieve effective drug penetration within minutes of
balloon inflation, with sustained biological effects

lasting several weeks [36-38]. This approach

30

particularly advantageous in lesions where stent
implantation may lead to complications, such as small-
diameter vessels, bifurcation sites, or ISR cases [39-41]
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Figure 1. Mechanism of action of DCBs in coronary arteries, illustrating drug release and endothelial healing.

3. Clinical Evidence and Comparative
Outcomes

Several randomized controlled trials have evaluated the
efficacy and safety of DCBs in STEMI patients [42]. The
REVELATION trial was a prospective, multicenter study
comparing DCBs with DES in STEMI patients undergoing
primary PCI [43]. It reported non-inferior outcomes in
terms of late lumen loss, target lesion failure, and major
adverse cardiac events (MACE) at 9-month follow-up. The
trial suggested that DCBs provide a viable alternative to
DES, particularly for patients with contraindications to
stent placement [44, 45].

Similarly, the PEPCAD NSTEMI trial investigated the
role of DCBs in non-ST-elevation myocardial infarction
(NSTEMI) patients, demonstrating that DCBs could
achieve restenosis rates comparable to DES while avoiding
complications related to permanent stent implantation [12,
43, 46, 47]. The study highlighted that proper lesion
preparation and adequate vessel sizing were crucial factors
influencing clinical outcomes. Additionally, subgroup
analyses from other trials have shown that DCBs may be
particularly beneficial in cases involving small vessel
disease, bifurcation lesions, and ISR treatment [48, 49].

A meta-analysis of multiple clinical trials further
supported the efficacy of DCBs in STEMI treatment,
indicating similar rates of target vessel revascularization
(TVR) and myocardial infarction recurrence when
compared to DES [50-52]. However, some concerns
remain regarding late lumen loss, which underscores the
need for optimized treatment protocols

and lesion preparation techniques to enhance drug

absorption and effectiveness [53, 54]

4. Advantages and challenges of DCBs in
STEMI

One of the primary advantages of DCBs is the
elimination of permanent metallic implants, leading to a
lower risk of late stent thrombosis and a shorter duration of
DAPT [49, 55]. Additionally, DCBs facilitate a more
physiological vessel response, allowing for better
remodeling and endothelial function as illustrated in
figure-2. The absence of a metallic scaffold also makes
future interventions more manageable, reducing
complications in cases where repeat procedures are
necessary [56, 57].

However, the success of DCB therapy is highly
dependent on appropriate lesion preparation. Suboptimal
balloon expansion, inadequate plagque modification, or
residual dissections can impair drug delivery and increase
the risk of restenosis [46, 58]. Additionally, DCBs may be
less effective in heavily calcified lesions, where adequate
drug penetration might be hindered. Late lumen loss,
although generally minimal, remains a concern,
necessitating further research into the long-term durability
of DCB treatment [59]. rates of target vessel
revascularization (TVR) and myocardial infarction
recurrence when compared to DES [50-52]. However,
some concerns remain regarding late lumen loss, which
underscores the need for optimized treatment protocols
and lesion preparation techniques to enhance drug
absorption and effectiveness [53, 54].
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Figure 2. Mechanism of action of DCBs in coronary arteries, illustrating drug release and endothelial healing.

Table 1. Summary of Key Clinical Trials on DCB Use in STEMI

Trial Name Study Patient Outcomes Conclusion References
Design Population

REVELATION RCT STEMI patients Non-inferior to DES in DCBs are a viable alternative to  [60, 61]
late lumen loss DES in STEMI

PEPCAD NSTEMI RCT NSTEMI patients Comparable restenosis DCBs reduce adverse effects [43, 62]
rates to DES associated with stents

ISAR-DESIRE 3 RCT ISR patients Lower restenosis rates DCBs are superior for ISR  [63]
than repeat DES management

BASKET-SMALL 2 RCT Small vessel Comparable efficacy to DCBs avoid permanent stent [64, 65]

disease DES complications

5. Conclusion and future perspectives

Ongoing research aims to optimize DCB technology
through novel drug formulations, improved balloon
coatings, and enhanced delivery mechanisms. Advances in
excipient technology are being explored to enhance drug
retention and transfer efficiency, ensuring prolonged
therapeutic effects. Additionally, research efforts are
directed towards refining the pharmacokinetics of
antiproliferative agents, such as sirolimus, to improve drug
stability and bioavailability within the arterial wall. The
development of next-generation DCBs with biodegradable
coatings and hybrid drug delivery systems is also under
investigation to address limitations associated with
existing devices. These innovations hold the potential to
maximize the clinical efficacy of DCBs while minimizing

risks such as late lumen loss and suboptimal drug
absorption.

Future trials will focus on establishing standardized
protocols for DCB use in STEMI patients and identifying
subgroups that may derive the most benefit from this
approach. One of the critical aspects under investigation is
the optimization of lesion preparation techniques to
enhance drug uptake and vessel healing. Studies are also
exploring the use of imaging modalities such as
intravascular ultrasound (IVUS) and optical coherence
tomography (OCT) to guide DCB deployment, ensuring
precise drug delivery. Furthermore, patient-specific
factors, including comorbidities such as diabetes and
chronic kidney disease, need to be carefully evaluated to
determine the most appropriate treatment strategies. Large-
scale randomized controlled trials will provide further
clarity on the effectiveness of DCBs compared to drug-
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eluting stents (DES) in various clinical scenarios. As
interventional cardiology evolves, integrating DCBs into
mainstream PCIl strategies will validation through
extensive clinical research. The current body of evidence
suggests that DCBs hold significant promise in selected
cases, particularly those where stent implantation poses
challenges due to vessel size, anatomy, or previous
intervention history. Patients at high risk for in-stent
restenosis (ISR) or those requiring shorter durations of
dual antiplatelet therapy (DAPT) may particularly benefit
from DCBs. However, to ensure widespread adoption,
training programs and guidelines must be developed to
assist interventional cardiologists in mastering DCB
techniques and understanding patient selection criteria.

Moreover, the cost-effectiveness of DCBs compared to
traditional DES therapy needs thorough evaluation.
Although DCBs reduce the risk of long-term
complications associated with permanent metallic
implants, the initial procedural costs and long-term
conomic impact remain areas of interest. Health economic
studies are crucial to determining the financial viability of
DCB implementation in routine clinical practice.
Additionally, research into combination therapies, such as
the use of DCBs alongside bioresorbable scaffolds or
adjunctive pharmacological agents, may further enhance
outcomes and expand the therapeutic applications of this
technology.

With continued advancements in technology and
procedural techniques, DCBs may play a crucial role in
redefining STEMI management, offering a safer and more
effective  alternative  to  traditional  stent-based
interventions. The future of DCB therapy lies in
personalized medicine approaches, leveraging precision
diagnostics and patient-specific treatment algorithms to
tailor interventions accordingly. As clinical experience
grows and evidence accumulates, DCBs have the potential
to revolutionize interventional cardiology by providing an
innovative, non-permanent solution to coronary artery
disease, ultimately improving patient outcomes and long-
term cardiovascular health.
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