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ABSTRACT

There is a growing trend of patients with significant comorbidities among those referred for percutaneous coronary intervention
(PCI). Consequently, the number of patients undergoing complex high risk indicated PCI (CHIP) is rising. CHIP patients
frequently present with factors predisposing to extensive drug-eluting stent (DES) implantation, such as bifurcation and/or
heavily calcified coronary lesions, which exposes them to the risks associated with an increased stent burden. The drug-coated
balloon (DCB) may overcome some of the limitations of DES, either through a hybrid strategy (DCB and DES combined) or as a
leave-nothing-behind strategy (DCB-only). As such, there is a growing interest in extending the application of DCB to the CHIP
population. The present review provides an outline of the available evidence on DCB use in CHIP patients, which comprise the
elderly, comorbid, and patients with complex coronary anatomy. Although the majority of available data are observational,
most studies support a lower threshold for the use of DCBs, particularly when multiple CHIP factors coexist within a single
patient. In patients with comorbidities which predispose to bleeding events (such as increasing age, diabetes mellitus, and
hemodialysis) DCBs may encourage shorter dual antiplatelet therapy duration—although randomized trials are currently
lacking. Further, DCBs may simplify PCI in bifurcation lesions and chronic total coronary occlusions by reducing total stent
length, and allow for late lumen enlargement when used in a hybrid fashion. In conclusion, DCBs pose a viable therapeutic

option in CHIP patients, either as a complement to DES or as stand-alone therapy in selected cases.

1 | Introduction

Percutaneous coronary intervention (PCI) for chronic coronary
syndromes in contemporary practice has become progressively
selective [1], as the treatment target has shifted to cardiac
symptom relief following large randomized trials [2, 3]. Those
patients referred to the catheterization laboratory for

revascularization are characterized by increasing complexity [4,
5]. Indeed, the prevalence of complex high risk indicated PCI
(CHIP) is growing, a classification which is known to en-
compass a heightened risk at in-hospital and major adverse
cardiac or cerebrovascular events (MACCE) [6, 7]. The definition
of CHIP generally comprises three clinical spheres [1]: patient
characteristics and comorbidities [2], coronary anatomical

Abbreviations: BMS, bare metal stent; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CHIP, complex high risk and indicated PCI; CTO, chronic total coronary occlusion;
DAPT, dual antiplatelet therapy; DCB, drug-coated balloon; DES, drug-eluting stent; HBR, high bleeding risk; ICA, invasive coronary angiography; ISR, in-stent restenosis; LLL, late luminal loss; LM,
left main; LVEF, left ventricular ejection fraction; MACCE, major adverse cardiac or cerebrovascular events; MACE, major adverse cardiovascular events; MB, main branch; MI, myocardial infarction;
MVD, multivessel disease; PCI, percutaneous coronary intervention; PTX, paclitaxel; SB, side branch; SVD, small vessel disease; TLR, target lesion revascularization.
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complexity, and [3] ventricular hemodynamics [8]. Importantly,
the coexistence of multiple risk factors may pose a dilemma for
the physician; anatomically complex lesions often require ex-
tensive stent deployment, which exposes a CHIP patient to an
increased risk of in-stent restenosis (ISR) [9, 10]. In addition,
the required duration of dual antiplatelet therapy (DAPT) could
magnify the risk of bleeding in conjunction with other CHIP
factors [11]. These limitations of DES have revived the interest
in drug-coated balloons (DCB). The benefit of a DCB lies in the
absence of a metallic cage, while facilitating a rapid and uni-
form antiproliferative drug transfer to the coronary vessel wall
[12]. Furthermore, DCB use may drive a less aggressive an-
tithrombotic regime [13]. DCBs have recently been appointed a
guideline Class II recommendation (evidence level A) for the
management of ISR [14], but its potential has prompted
research into de novo coronary artery disease (CAD). The
heightened risk profile of CHIP patients demands alternative
therapeutic options which reduce stent burden, either through
a combination of DES and DCB (hybrid strategy) or with
DCB-only treatment. In this review, we discuss the definition of
CHIP and its role in clinical practice, followed by a compre-
hensive overview of the current evidence on the safety and
feasibility of DCB utilization in CHIP patients in the first
(patient characteristics and comorbidities) and second
(coronary anatomical complexity) clinical spheres.

2 | CHIP

2.1 | Definitions

The term complex high risk and indicated PCI has been intro-
duced as early as 2016 [8], with various definitions mentioned
throughout literature (Table 1). In general, CHIP is considered
to be a composite of three spheres: patient characteristics, cor-
onary complexity, and ventricular hemodynamics (Figure 1) [8].
The primary sphere “patient characteristics” pertains to the
presence of (concomitant) comorbidities, or prior medical his-
tory favoring PCI over coronary artery bypass grafting (CABG)
due to an increased surgical risk. The second sphere “coronary
complexity” includes (but is not limited to) left main (LM)
disease, severe calcification, bi- or trifurcation lesions, chronic
total coronary occlusions (CTOs), ostial lesions, thrombus, and
disease of saphenous vein grafts (SVG) [8, 15, 16]. The final
sphere considers “ventricular hemodynamics”; risk factors
which may predispose to hemodynamic decompensation during
intervention (e.g., impaired ventricular function or valvular
disease). An example of a typical CHIP patients is shown in
Figure 2.

2.2 | CHIP in Clinical Practice

Several studies have reported an increase in comorbidities in
patients eligible for angioplasty [1, 28], along with a rise in
coronary disease complexity [29]. In contrast, the landscape of
interventional cardiology is evolving as revascularization rates
are declining [30]. This change has been attributed to recent
insights into the efficacy of revascularization in patients with
stable CAD, which suggest that PCI leads to cardiac symptom

relief but does not reduce the occurrence of major adverse
cardiovascular events (MACE) [2, 3, 31, 32]. Nevertheless, pa-
tients with CHIP characteristics are often excluded from the
aforementioned clinical trials. Although CABG is preferred in
certain cases (e.g., complex multivessel disease [MVD] or LM
CAD) [33, 34], there remains a proportion of patients who are
ineligible for surgery and in whom invasive treatment is
deemed appropriate. The treatment of these patients partly re-
lies on dedicated interventionalists.

2.3 | Determining Risk Profile and Outcome

Most studies concur that CHIP patients are at an increased risk
for adverse events, as reflected by a higher rate of in-hospital
complications [22], higher incidence of MACE at follow-up
(FU) [7], and reduced long-term survival rate [18, 23]. Factors
which mark a CHIP patient (e.g., age and bifurcation lesions)
are associated with ISR and ischemia-driven target lesion
revascularization (TLR) [10]. Extensive stenting, suboptimal
stent expansion, and malapposition are at the root of these
adverse events [9, 35, 36]. To identify which CHIP patients are
most at risk for a poor clinical outcome, various risk scores have
been developed [6, 18]. These studies emphasized an increased
all-cause mortality rate in CHIP patients, as well as an ex-
ponential rise in in-hospital MACCE rate with increasing CHIP
score. Reducing stent burden may directly impact the risk
associated with CHIP PCI, which makes DCB-angioplasty a
compelling alternative therapeutic option. The potential ad-
vantages and limitations of a DCB strategy in CHIP PCI are
summarized in the Central illustration (Figure 3).

3 | Rise of the DCB

3.1 | Introduction to DCB Technology

Delayed healing after permanent caging of a vessel is an
important disadvantage of DES, and may lead to ISR and stent
thrombosis [37]. Indeed, TLR rates following DES implantation
show an annual increase without plateau [38]. These risks
sparked the reintroduction of the DCB as a surrogate for DES
[39]. The DCB has a variable degree of compliance, and ade-
quate lesion preparation is imperative in achieving optimal
antiproliferative drug delivery [40]. The efficacy of a DCB is the
product of the interaction between the excipient, drug, and
coating procedure. Paclitaxel (PTX) is the most common agent
in DCB technology, usually applied at a concentration of
3 ug/mm?. PTX acts through the disruption of cell division by
binding to (and stabilizing) microtubules, preventing mitosis
and smooth muscle cell proliferation as the cell is arrested in
the M-phase [41]. PTX coated balloons have been shown to be
safe both in the treatment of CAD and peripheral artery disease
[42-44]. Given the earlier concerns of the safety of PTX, rapa-
mycin (sirolimus) was opted as an alternative. This drug,
known for its widespread application in DES, acts through the
inhibition of mammalian target of rapamycin (mTOR), a key
kinase which regulates cell growth and proliferation [45].
Although prior trials have reported a good efficacy of the sir-
olimus coated balloon [46-48], recent studies suggested that
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Patient
comorbidities

SURGICAL
INELIGIBILITY

Anatomy

FIGURE1 |

PTX has more potential in the late positive remodeling of the
treated artery [49, 50]. Figure 4 shows the difference in drug
penetration between both agents.

3.2 | Role of DCB in Current Practice

321 | ISR

The interest in DCBs was driven by clinical scenarios in which
stenting was not clinically feasible or desirable. In addition,
very-late stent-related adverse events has been reported to occur
in ~2%, regardless of stent type [51]. The earliest trials on DCB
can be traced back to its use in ISR. Scheller et al. [52] com-
pared PTX-coated balloons to uncoated balloon catheters in
ISR. At 6 months FU, angiographic in-segment late luminal loss
(LLL) was lower in the PTX arm (0.03+0.48mm vs.
0.74 +0.86 mm, p =0.002). Importantly, the 12-month MACE
rate was 4% in the PTX group (vs. 31% in the uncoated arm,
p =0.01). These findings were confirmed at 5 year FU [53].
Unverdorben et al. [54] extended the comparison to an older
generation PTX-eluting stent (Taxus Liberté), demonstrating
reduced rates of binary restenosis and improved event-free
survival in the DCB arm. A myriad of studies evaluated DCB in

Hemodynamics

Three spheres of CHIP. [Color figure can be viewed at wileyonlinelibrary.com]

ISR of BMS [55, 56], DES [57-59], or both [60, 61]. These trials
led to the consensus that DCB in BSM-ISR and DES-ISR is safe
[62], resulting in a European Class I recommendation with
Level A of evidence [63]. Importantly, a recent update of the
ESC guideline downgraded DCB-angioplasty in ISR to a Class
ITa recommendation [14]. Possibly, this change may impact the
uptake of DCB for ISR in clinical practice in Europe. Treatment
of DES-ISR remains highly challenging, and it should be noted
that successful DCB-angioplasty warrants careful lesion opti-
mization (defined as a residual % diameter stenosis <20%,
balloon-to-stent ratio of >0.91, and an inflation time of >60s
[64]) and may benefit from the use of intravascular imaging (to
guide balloon sizing and dilation) [65]. Future studies should
incorporate these key methodological steps, so we may fully
appreciate the therapeutic efficacy of DCBs in ISR.

3.2.2 | Small Vessel Disease (SVD) and High-Bleeding
Risk (HBR)

Parallel to its application in ISR, there is a growing body of
evidence on DCB in SVD and patients with HBR. In SVD, the
capacity to adapt to neointima formation without compromis-
ing blood flow is hampered following stenting, resulting in
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Anatomical Hemodynamics

[ PATIENT CHARACTERISTICS

CORONARY COMPLEXITY

e Multivessel disease
e Ungrafted CTO RCA

e LM disease

e SVG disease

e Prior PCI

e Calcification

e Porcelain aorta

Moderate LVF

Poor RVF

Ischemic CMP

Chronic Heart Failure
Prior TAVI

Moderate MR

Severe TR

Total AV block (CRT-P)

FIGURE 2 | Case example of CHIP patient. Case example of a patient with CHIP factors pertaining to all clinical spheres. A significant stenosis
in the SVG (A, dotted circle) was treated with PCI (B, C). AV, atrioventricular; CMP, cardiomyopathy; CRT-P, cardiac resynchronization therapy
pacemaker; MR, mitral regurgitation; RCA, right coronary artery; RVF, right ventricular function; TAVI, transcatheter aortic valve implantation; TI,
tricuspid regurgitation. [Color figure can be viewed at wileyonlinelibrary.com]

higher clinical event rates [66]. Late lumen enlargement (LLE) restenosis and LLL [68]. In interpreting these studies, one
following DCB treatment could therefore prove beneficial [67]. should consider the varying definitions for SVD across trials,
Interestingly, a recent meta-analysis including all relevant RCTs the observed heterogeneity of the investigated patient popula-
on DCB use in SVD showed similar rates of angiographic tion and collected clinical endpoints, and absence of routine
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FIGURE 3 |

Central illustration. The present review investigated the application of drug-coated balloon (DCB) angioplasty in complex high risk

and indicated percutaneous coronary intervention (CHIP). There exist numerous advantages to DCB-angioplasty in CHIP, such as the reduction of

stent burden and the potential for a less aggressive dual antiplatelet therapy regime. These benefits should be weighed against the known limitations

of DCB. As the data is mostly observational, caution is advised when using DCB-angioplasty in complex coronary lesions where randomized data are

lacking. [Color figure can be viewed at wileyonlinelibrary.com]

angiographic FU with a high variety in follow-up time [69].
Regardless of these limitations, DCB in SVD is considered an
attractive alternative to DES in reducing stent burden [69].
Regarding HBR, Rissanen and colleagues explored the use of
DCB in the DEBUT (DCB for Treatment of De-novo Coronary
Artery Lesions in Patients With HBR) trial. The authors com-
pared PTX-DCB to BMS, both options which allow a shortened

DAPT duration of 1 month in patients with stable CAD. This
study demonstrated lower MACE rate at 9 months follow-up in
the DCB arm. As the DAPT regime was similar between groups,
it is unsurprising that bleeding events did not differ [70]. In the
BASKET-SMALL 2 (Basel Kosten-Effektivitits trial, DCBs for
Small CAD) trial, the potential effects of a less aggressive DAPT
regime are better appreciated. This cohort of SVD patients (20%
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FIGURE 4 | Drug penetration of paclitaxel and sirolimus. Paclitaxel predominantly penetrates into the tunica adventitia, whereas sirolimus shows an
equal drug distribution in the tunica adventitia and tunica media. Image by Ang et al. [12]. [Color figure can be viewed at wileyonlinelibrary.com]

HBR) demonstrated a numerical reduction of bleeding events at
3 years FU after DCB use [71]. Although the use of a reduced
DAPT period or single antiplatelet therapy appear feasible and
safe [13, 72], this remains to be confirmed in a randomized
setting. Current ESC guidelines propose a DAPT regime of
6 months following DCB (Class IIa, evidence level B), but
shorter DAPT duration (<3 months) may be considered in HBR
[73]. The International DCB consensus group advocates
1 month DAPT based on expert opinion [74]. The DEBATE
(DCB in Anticoagulated and Bleeding Risk Patients Undergoing
PCI) trial (ClinicalTrials.gov identifier: NCT04814212) will ex-
plore the combination of DCB-treatment and shortened DAPT
duration in de novo lesions of HBR patients.

3.23 | De Novo Lesions

At present, data on the use of DCB in de novo lesions in large
coronary vessels are expanding. Shin et al. [75] reported a lower
MACE rate in patients treated with the hybrid strategy (DCB

and DES) versus DES-only in MVD. Although the authors did
not elaborate on the applied DAPT regime, major bleeding
events were reportedly lower in the hybrid strategy arm. Fur-
thermore, the reduced or complete lack of stent burden may
facilitate treatment with either DCB or DES if TLF occurs,
without resulting in multiple stent layers. To expand the role of
DCB in de novo lesions, Gao et al. [76] investigated the efficacy
of DCB angioplasty with rescue stenting compared to intended
stenting in an all-comer, de novo, non-complex patient popu-
lation in the important REC-CAGEFREE I trial. Notably, DCB
did not achieve non-inferiority compared to DES in terms of the
device oriented composite endpoint at 2 years. Notwithstanding
these results, the trial was able to confirm the safety of DCB-
only angioplasty: no acute occlusion occurred in the DCB arm,
and the rate of definite or probable device or vessel thrombosis
was extremely low. Moreover, subgroup analyses of bifurcation
lesions and SVD showed that DCB angioplasty was non-inferior
to DES. Future RCTs are needed to explore the potential of DCB
angioplasty in more complex patients and anatomical settings,
as well as different DCBs with novel coating technologies.

502 of 542

Catheterization and Cardiovascular Interventions, 2025


http://ClinicalTrials.gov
http://wileyonlinelibrary.com

FIGURE 5 |

Location of DCB in bifurcation studies. (A) DCB in SB and MB, followed by BMS in MB [96, 102, 103]. (B) DCB in SB, old generation

DES in MB [94, 95]. (C) DCB in SB, new generation DES in MB [97, 98, 104-108]. (D) DCB-only strategy, with or without DCB treatment of the MB
[109-115]. Comparison of DCBs (old- and new generation) was conducted versus POBA, BMS, old generation DES, and new generation DES. [Color

figure can be viewed at wileyonlinelibrary.com]

4 | DCB in CHIP-PCI

4.1 | The Elderly and Comorbid

411 | Increasing Age

The incidence of CHIP-PCI is rising in conjunction with age
[20]. Data on the utilization of DCB in the elderly are scarce,
and most trials investigated age in conjunction with other risk
factors. For instance, Sinaga et al. [77] investigated the use of
PTX-DCB in elderly patients with SVD, and found that
patients > 75 years old had more comorbidities, yet a statisti-
cally equal and acceptable MACE rate compared to
patients <75 years old at 9 months FU. In line with these
findings, the previously highlighted DEBUT and BASKET-
SMALL 2 trial provided insight in DCB use in an older popu-
lation, as the mean age were 77 years and 71 years (in HBR
group), respectively [70, 78]. Although neither trial provided a
sub-analysis on age, the efficacy of DCB (in HBR) was con-
firmed. The analysis by Sella et al. [79], a retrospective analysis
on DCB use in patients < 70 and >80 years old with de novo
CAD and ISR, appears to deviate from these findings. The au-
thors reported a much higher MACE rate at 24 months FU

(37.1% and 41.6% in both arms), which they attributed to the
inclusion of cardiac hospitalization in the composite endpoint.
Further, the TLR rate (7.6%) was twice as high as the previously
mentioned analysis by Sinaga et al. (3.6%), a point which was
not addressed by the authors. An important gap in the afore-
mentioned data is investigation into a reduced DAPT duration
or single antiplatelet therapy regime in the elderly. Treatment
with DES requires DAPT, varying from 1 month to 1 year,
which may pose a risk in older patients who are prone to
bleeding [80, 81]. While DCB use in the elderly may appear
feasible and safe, its potential benefit is hypothesized to be
driven by a more liberal DAPT therapy, but this has not been
investigated to date. Therefore, alterations in DAPT regime in
conjunction with DCB-only therapy in the elderly should be
considered carefully in anticipation of more conclusive data.

41.2 | Diabetes Mellitus

Diabetics are known to experience higher rates of target lesion
failure and TLR compared to non-diabetic patients [82]. Indeed,
the pro-inflammatory state of diabetics may favor a reduction in
stent burden, as caging of the vessel might promote
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TABLE 2 | Advantages and limitations of DCB in CHIP-PCI.

Advantages

Limitations

Elderly and
comorbid

Bifurcation lesions

Calcified lesions
and CTOs

Reduction of stent burden in high event rate
population
Uncaging of vessel in diabetics may reduce
inflammatory response

Possibility of shorter DAPT duration

Accumulative benefit of DCB in case of
multiple CHIP factors

Reduction of stent burden in high event rate
lesions

May support the adage “Keep it Simple, Swift
and Safe (KISS)” through DES in MB and DCB
in SB (if indicated)

May be preferred in specific lesions, such as
stent-in-stent, prior stenting with old
generation DES, and small caliber SB

DCB-only strategy appears to yield
comparable results to DES treatment

May reduce risk at stent-related adverse events

While dissection may occur, evidence supports
that non-flow limiting dissection frequently
heals without intervention

Uncaging of the vessel in CTO PCI may allow
for LLE

A hybrid strategy (combined DES and DCB)

Randomized data on DCB in elderly and comorbid is
scarce

Challenging to distill the isolated impact of DCB use
in a high risk population

No clear consensus on DAPT duration

Longer FU time warranted

High variety in study design of available data

Current trials do not include all relevant factors
predisposing to SB occlusion

Future RCTs with larger sample sizes and
angiographic FU (incl. invasive coronary imaging or
intracoronary measurements) are warranted

Aggressive lesion preparation is essential

Calcification may impair drug infiltration and
therefore positive vascular remodeling

Increased risk at perforation and dissection may
require (bail-out) stenting

Degree of calcification is not clearly defined and

may reduce stent burden

often angiographically determined, hampering
clinical translatability

The efficacy of DCBs in the subintimal lumen in CTO
PCI has been scarcely explored

Note: Abbreviations as previously described.

inflammation and subsequent stent-related adverse events [82].
An interesting study conducted by Her et al. [83] found that the
benefit of reduced stenting in conjunction with DCB use was
most evident in patients with diabetes and MVD. Patients with
diabetes who were treated with a hybrid strategy experienced
lower rates of MACE and cardiac death. Furthermore, a meta-
analysis showed a trend toward lower TLR in diabetics fol-
lowing DCB versus DES angioplasty in de novo SVD [84]. The
presented data was hampered by their observational nature (2
of the 3 included studies), in which a high (>95%) rate of
stenting with BMS in the DCB arm may have impacted the
angiographic outcomes. These studies emphasized the cumu-
lative risk for stent-related events in diabetes patients in con-
junction with (a) SVD, (b) diffuse disease or MVD, and (c) prior
(extensive) stenting. As such, the combination of one or more of
these clinical factors may support a lower threshold for DCB
therapy in diabetics [85].

4.1.3 | Hemodialysis (HD)

HD patients, like diabetics, are prone to worse clinical outcomes
following stent implantation [86]. It is not surprising that TLR
and MACE rate are persistently high following both DES and

DCB use in HD compared to non-HD patients [87-89]. Perhaps
the advantage of DCB use in HD patients lies not in the
reduction of stent-related adverse events or MACE, but in the
possibility of reducing bleeding events. Increased thrombo-
genicity and a predisposition to severe bleeding coexist in the
HD patient, and DCB use may enforce a less aggressive DAPT
regime. However, this hypothesis remains to be clarified, as the
aforementioned trials did not explore shortened DAPT duration
and its potential impact on bleeding events. In summary, the
accumulative risk of adverse events in the primary CHIP sphere
may encourage a lower threshold for the utilization of DCBs.
Whether this can be applied in conjunction with a less
aggressive DAPT regime warrants further investigation.

4.2 | Complex Anatomical Lesions

4.2.1 | Bifurcation Lesions

Bifurcation lesions pertain to all lesions occurring at or adjacent
to a significant sidebranch (SB), which the operator wants to
preserve during PCI. Bifurcation PCI is highly prevalent
(15—20%), and associated with a higher rate of procedural
complications and inferior clinical outcomes compared to
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FIGURE 6 | Caseexamplesof DCB in complex anatomical lesions. (A) Multivessel (incl. bifurcation) PCI. Treatment of acute coronary syndrome
and multivessel disease using DCB-only angioplasty. 74 years-old male at high bleeding risk (chronic kidney disease and anemia) presented with ST-
elevation myocardial infarction. (a) The culprit lesion was predilated using non-compliant (NC) balloon of 1:1 balloon-to-vessel ratio, followed by
paclitaxel-iopromide DCB (inset). (b) Final result with TIMI 3 flow. (c) Follow-up angiography three months later. (d, €) Angiography of the left
coronary artery revealed diffuse multivessel disease involving significant stenoses in the left main (LM), left anterior descending artery (LAD), left
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non-bifurcation lesions [90, 91]. Although a simple stenting
technique is favored above a double stenting technique [92],
some SB lesions require a complex two-stent technique—
especially if there is significant flow limitation in the SB, diffi-
cult SB access, or if the SB covers considerable myocardial
territory [91]. There are drawbacks to bifurcation stenting, such
as stent deformation and multiple layers of metal and polymers
[90]. The DCB may tackle some of these limitations, as well as
obviate a need for re-wiring or kissing balloon inflation. Fur-
ther, it has been suggested that DCB use may prevent carina
shift; a significant cause of SB narrowing following treatment of
the main branch (MB) [90, 93]. Most importantly, the DCB has
the potential to simplify bifurcation PCI, as the DCB may either
be deployed in the SB (with stenting of the MB), or in both the
MB and SB [74]. The numerous options for DCB placement in
bifurcation PCI has resulted in an abundance of study designs
(Figure 5). Recently, the hybrid strategy was explored in bi-
furcation lesions. After the DCB had been studied in conjunc-
tion with a PTX-stent [94-96], Worthley et al. [97] moved to a
combination of a newer generation DES (everolimus-eluting) in
the MB and a DEB in the SB. Although the LLL in the SB was
low (0.10 + 0.43 mm) paired with a low clinical event rate, the
small sample size (n=35) and low rate of true bifurcations
(31.4%) were important limitations of this study. Equally,
Pellegrini and colleagues reported a low clinical event rate in a
small sample size (n = 50) with a combined strategy of DCB (in
SB) and DES (in MB), but managed to include solely true

bifurcation lesions based on the Medina classification [98]. A
final category worth mentioning is the application of DCB
versus plain-old balloon angioplasty (POBA). A meta-analysis
by Corballis et al. [99] showed that DCB in the SB outperformed
POBA in terms of lower LLL. The aforementioned data illus-
trate the high variety in study design, and with it the difficulty
of interpreting the data in a clinical setting. Nevertheless, sev-
eral conclusions can be drawn from these studies. First, the
major advantage of DCB in bifurcation PCI is its ability to
simplify a procedure. This is in line with the European Bi-
furcation Club, who advocate the adage “Keep It Simple, Swift
and Safe (KISS)” [100]. If SB treatment is pursued on the basis
of significant disease, compromised TIMI flow, or considering
myocardial territory subtended by the SB, this may be easily
solved by DCB-therapy. Second, when a provisional approach
with stenting of the MB is performed, DCB in a significantly
diseased SB may be preferred over POBA [100], which was
recently confirmed by Gao and colleagues [101] in the multi-
center randomized DCB-BIF trial. In patients with a simple and
true coronary bifurcation lesion undergoing provisional stent-
ing of the MB, Gao et al. demonstrated a lower MACE rate
following DCB-treatment of the compromised SB, compared to
treatment with an uncoated non-compliant balloon of the SB.
Finally, there may be scenarios in which a DCB may be pre-
ferred over stenting, such as in stent-in-stent bifurcation
lesions, prior stenting with older generation DES, or small
caliber SB lesions. Minimization of stent deployment may be

circumflex artery (LCX), first diagonal branch (D1) and a subtotal occlusion of the intermediate branch (IM). In a staged procedure—during the same
index hospitalization—full revascularization was done. Arrows point to the sites of optical coherence tomography (OCT) images. (f) In OCT, LM and
proximal LAD were found to have minimal lumen areas (MLA) of approx. 5 mm? and severe calcification (upper row). Lower row: OCT after
predilatation using 4.0 mm cutting balloon and 5.0 mm NC balloon in the LM and 3.5mm NC balloon in the LAD shows therapeutic medial
dissections and increase in MLAs (automatic measurement in LM underestimates MLA) (g) Occluded IM was wired using a high weight polymer
jacket wire and a microcatheter. IM, LCX and D1 were predilated using 1:1 balloon-to-vessel ratio NC balloons. (g) Altogether eight paclitaxel-
iopromide coated DCBs were used, and several bifurcations were treated. (h, i) The final angiograms showed non-flow limiting dissections in all
treated branches, and less than 30% angiographic recoil. (j—1) Follow-up angiography 3 months after revealed a good result of the “leaving nothing
behind” approach in the revascularization of calcified and diffuse multivessel disease and LM bifurcation. The patients was asymptomatic with
normal ejection fraction. (B) Calcified lesion (incl. rotatripsy) PCI. Treatment of calcified LAD using rotatripsy followed by a DCB-only approach.
74 year old male with high bleeding risk (oral anticoagulation, anemia, and frailty) was admitted to the hospital due to new onset heart failure with
poor left ventricular ejection fraction (20%). (a) Coronary angiogram showed severely calcified lesions (arrows) in LAD and in the first diagonal
branch. The LAD lesions were debulked with upfront rotational atherectomy (insets), using 1.25 mm (proximal and distal) and 1.75 mm burrs
(proximal). (b) After rotablation, NC balloons at 20 ATM were used for predilatation (2.5 mm for the distal LAD and diagonal branch, and 3.0 mm for
proximal LAD). (c) Angiography after rotablation and predilations with NC balloons. OCT after predilations did not show adequate cracks in the
calcium or sufficient lumen areas (inset). (d) Intravascular lithotripsy using 3.0 mm balloon and 120 pulses was performed in the LAD followed by
repeated predilations using NC balloons. (e) Sirolimus-coated DCBs with microreservoir technology were used for the diagonal branch (2.5 X 20 mm)
and LAD (2.75 X 30 mm, 3.0 X 40 mm and 3.5 X 20 mm). (f) Final result showing normal flow and less than 30% angiographic recoil. OCT confirmed
sufficient cracks in the calcium and lumen areas in the LAD (inset). (g—i) Control angiography 3 months later demonstrated a good result of DCB-
only treatment in the calcified complex lesion. (C) CTO PCI with a hybrid approach. Treatment of calcified CTO RCA. 59 year old male with a history
of diabetes mellitus type II and ambulant myocardial infarction in the inferior territory. Patient presented with refractory anginal symptoms.
Angiography revealed a CTO of the distal RCA, J-CTO score = 2 (calcification, length > 20 mm). Due to persisting symptoms under optimal medical
therapy, the patient was accepted for CTO PCI. (a, b) Set-up shots with dual catheter injection of the RCA, revealing ample retrograde filling by the
LAD (Rentrop III, CCS 2) via septal collaterals. (c) Successful recanalization of the CTO via antegrade wire escalation. (d) After wiring of the CTO
vessel, the entire coronary artery was predilated at high pressure (20 atm). (e, f) Intravascular ultrasound (IVUS) was performed from the right
posterior descending artery (RPD) to the ostium. Besides extensive adjacent disease in all segments of the RCA (proximal, mid, distal, RPD, and
posterolateral branch [RPL]), IVUS also revealed almost 360 calcium ring. G) PCI was performed with a short drug-eluting stent (SYNERGY,
3.5x 38 mm, left upper corner) to cover the CTO body, followed by 4 paclitaxel-DCBs (AGENT, twice 2.75x 30 mm in RPL and RPD (with kissing
balloon inflation), 4.0 x 30 mm mid-RCA, 4.0x20 mm in proximal RCA). A second DES (3.5x8 mm) was placed at the distal edge due to edge
dissection. H-J) Final result with good stent expansion (confirmed by IVUS), and non-flow limiting dissection in the proximal RCA, mid-RCA, RPL,
and RPD. J-L) Follow-up at 12 months shows late lumen enlargement in the proximal RCA, mid-RCA, RPL and RPD, as well as good stent result—
confirmed by IVUS. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 | (Continued)

appealing in these cases, and can be justified as the applicability
of DCB in ISR and SVD has been confirmed.

4.2.2 | Calcified Lesions

Calcified lesions account for one-third of patients in the cardiac
catheterization laboratory. The presence of calcification is
associated with DES underexpansion and malapposition fol-
lowing implantation [116, 117], both independent risk factors
for stent thrombosis and ISR [118]. To reduce these risks,
aggressive lesion preparation is essential, either through (high-
pressure) POBA, cutting or scoring balloons, lithotripsy, or
ablative techniques such as rotational atherectomy (RA) [118].
In calcified lesions, the application of DCBs may defer com-
plications associated with stent implantation [77]. In a

retrospective single-center study, Rissanen et al. [119] explored
DCBs in calcified de novo coronary lesions extensively prepared
with RA, followed by ballooning (semi-, non-compliant or
cutting) at the discretion of the operator. The overall MACE
rate at 24 months was high (20%) and mostly driven by car-
diovascular mortality (12.3%). Possibly, this is a result of the
high lesion complexity, patient risk factors (82% had one HBR
risk factor), and the inclusion of ACS patients (32%). In another
study, the use of DCB in calcified lesions showed lower rates of
LLE compared to non-calcified lesions, with comparable LLL
and restenosis rates. The authors hypothesized that the pres-
ence of calcification may impair drug infiltration and therefore
positive vascular remodeling [120]. Another potential pitfall of
calcified lesions is the increased risk of dissections or coronary
perforation [116] which may require additional stenting. DES
deployment is encouraged if flow-limiting dissection occurs
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TABLE 3

Status

Inclusion

Study objective Study design

Country

ID
NCT04255043

Title

Recruiting

Impact of IVUS- versus angiography- Multi-center, randomized 260

guided DCB treatment in HBR patients as

China

ULTIMATE-III trial

measured by LLL at 7 months

Recruiting

376

Single-center, randomized

Assess interaction in treatment effect
between OCT pattern of neointima and

Germany

NCT05544864

ISAR-DESIRE 5 trial

type of PCI (DCB or DES) in ISR as

measured by MACE at 24 months

Recruiting

300

Multi-center, randomized

Assess application of DCB under OCT
guidance in STEMI patients as measured

China

NCT05680051

DCB in STEMI under

OCT guidance

by LLL at 10 months

Abbreviations: DEB, drug-eluting balloon; OCT, optical coherence tomography; POBA, plain old balloon angioplasty; QFR, quantitative flow ratio; SCB, sirolimus-coated balloon, STEMI, ST-elevation myocardial infarction. Other

abbreviations as previously described.

[74], while DCB treatment in non-flow limiting dissection is
thought to facilitate drug penetration into the vessel wall and
promote LLE [121, 122]. Ueno et al. [123] successfully avoided
high rates of major, flow-limiting dissection by applying an
aggressive rotablation strategy (to properly modify calcifica-
tion), followed by DCB inflation at low pressure. Dissection
warranting DES-placement occurred in only 2%. While this
strategy is an interesting concept, there is also evidence that
dissection frequently heals without intervention [122, 124],
further reinforcing the notion that permanent caging of the
vessel may not be necessary when (non-flow limiting) dissec-
tion occurs. Notwithstanding these data, adequate lesion prep-
aration without causing flow-limiting dissection is imperative
when considering DCB-angioplasty in calcified lesions. There
are currently no robust, randomized data recommending the
routine use of DCB over DES [118], and the extent of calcifi-
cation may dilute the potential benefits of DCB treatment.
Caution is advised when applying DCB-angioplasty in highly
calcified lesions, as well as the careful implementation of cal-
cium debulking methods, dedicated balloons (scoring or cut-
ting), and intravascular imaging to guide intervention.
Randomized studies incorporating these methods may further
clarify the role of DCB in calcified lesions.

4.2.3 | Chronic Total Occlusions

Calcification is also highly prevalent in CTOs [125], and is
associated with guidewire crossing failure [126]. CTOs are
defined as an occlusion without antegrade flow through the
lesion with a presumed or documented duration of >3 months
[127]. The use of a DCB in CTO is tantalizing, considering that
the presence of disease adjacent to the CTO lesion often war-
rants extensive stenting, which carries a higher risk of stent-
related adverse events. The combination of extensive plaque in
CTOs and negative remodeling due to chronic hypoperfusion
might favor the use of DCBs [128]. Uncaging of the vessel al-
lows for LLE, and may prevent stent-related adverse events
caused by stent undersizing and malapposition [128]. The fea-
sibility and safety of a DCB-only approach in CTO PCI was
explored by Kdln and colleagues. Of 27 patients with success-
fully recanalized lesions, 1 reocclusion and 1 restenosis oc-
curred at a mean FU of 8.6 months, but no reported death or MI
[129]. Another retrospective study by Jun et al. [130] explored a
DCB-strategy in 84 patients (93 vessels). Dissection occurred in
73% following DCB use, of which only three vessels warranted
bail-out stenting. Interestingly, 96% of all vessels showed no
residual dissection at angiographic FU, and clinical outcomes
were favorable at 1 and 2 years following CTO PCI. The
aforementioned trials include cases with intraplaque wiring,
whereas the efficacy of DCB in the subintimal space has been
scarcely explored. The major concern with DCB use in the
subintimal lumen is the pro-apoptotic effect of PTX, as this
drives vessel enlargement (i.e., positive remodeling) which may
cause vessel wall thinning and subsequent aneurysm formation
[128, 131, 132]. Only Ybarra et al. [133] described the applica-
tion of DCB in the subintimal lumen during an investment
procedure with improved vessel healing at angiographic FU,
although no definitive conclusions can be drawn from this case
series. In summary, the various wiring approaches in CTO PCI
require a different application of DCBs. In intraplaque wiring, a

511 of 542



DCB-only strategy has been shown to be safe and feasible.
When dissection and re-entry techniques are deployed, the DCB
may be utilized in combination with DES to reduce overall stent
burden. This concept is the foundation of the randomized Co-
CTO (DCB Coronary Angioplasty vs. Stenting for Treatment of
Disease Adjacent to a Chronic Total Occlusion) trial
(ClinicalTrials.gov identifier: NCT04881812). In this study, a
minimal stenting strategy (stenting of the CTO lesion and DCB
treatment of adjacent disease) will be compared to a complete
stenting strategy, with the aim of testing non-inferiority. This
study will provide insight in whether DCB use can be extended
to CTO PCI (albeit in a hybrid fashion). As is paramount in all
DCB trial designs, the Co-CTO trial warrants a 1:1 balloon-to-
vessel ratio, and excludes vessels with unfavorable character-
istics for DCB treatment (e.g. high-grade dissection, residual
stenosis > 30%, or reduced thrombolysis in myocardial infarc-
tion flow). An overview of the advantages and limitations of
DCB in CHIP PCI is shown in Table 2. Case based examples of
the aforementioned complex anatomical lesions (bifurcation,
calcified, and CTO) are depicted in Figure 6a—c.

5 | Future Perspectives

The use of DCBs in the third sphere of CHIP (i.e., ventricular
hemodynamics) has not been addressed in this review, as data
on this area are lacking. Future studies may elucidate whether
DCBs are a suitable therapeutic option for patients in this
category, for example through simplification of complex pro-
cedures when ventricular hemodynamics are severely com-
promised. Finally, the current body of data on DCB use is
rapidly expanding as a result of ongoing research, as sum-
marized by Table 3.

6 | Conclusions

Extensive stent deployment in CHIP PCI is common, and
stent-related adverse events remain a serious concern in
contemporary PCI. The present review considered the rising
application of DCB in CHIP, specifically in the first
and second clinical sphere. Although mostly observational,
the data suggest DCB could reduce stent burden and con-
comitant risk in CHIP PCI. Whether this could facilitate a
less aggressive DAPT regime remains to be elucidated. Ran-
domized controlled trials comparing a DCB-only or hybrid
approach (DES + DCB) to a DES-only approach are steadily
becoming available, yet caution is required in the routine
uptake of DCBs in complex coronary lesions where ran-
domized data are lacking.
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