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ABSTRACT
Although drug-eluting stents are still the default interventional treatment of coronary artery disease, drug-coated balloons
(DCBs) represent a novel alternative therapeutic strategy in certain anatomic conditions. The effect of DCBs is based on the
fast and homogenous transfer of antiproliferative drugs into the vessel wall during single balloon inﬂation by means of a
lipophilic matrix without the use of permanent implants. Although their use is established for in-stent restenosis of both
bare-metal and drug-eluting stents, recent randomized clinical data demonstrate a good efﬁcacy and safety proﬁle in de
novo small-vessel disease and high bleeding risk. In addition, there are other emerging indications (e.g., bifurcation lesions,
large-vessel disease, diabetes mellitus, acute coronary syndromes). Because the interaction among the different delivery
balloon designs, doses, formulations, and release kinetics of the drugs used is important, there seems to be no “class effect” of
DCBs. On the basis of the amount of recently published data, the International DCB Consensus Group provides this update of
previous recommendations summarizing the historical background, technical considerations such as choice of device and implantation technique, possible indications, and future perspectives. (J Am Coll Cardiol Intv 2020;13:1391–402) © 2020 The
Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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rug-coated balloons (DCBs) are a novel

wall during single balloon inﬂation by means of a

treatment strategy for coronary artery dis-

lipophilic matrix without the use of permanent im-

ease based on the fast and homogenous

plants (Figure 1). DCB-only percutaneous coronary

transfer of antiproliferative drugs into the vessel

intervention (PCI) is the concept of treating coronary
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ABBREVIATIONS

stenoses while limiting the need for perma-

AND ACRONYMS

nent or semipermanent implants to those lesions at high risk for acute vessel closure or

BMS = bare-metal stent

unfavorable long-term results. Potentially,

DAPT = dual-antiplatelet

every PCI should aim at using the DCB-only

therapy

DCB = drug-coated balloon
DES = drug-eluting stent(s)
FFR = fractional ﬂow reserve
ISR = in-stent restenosis

strategy, which implies a similar approach
for every lesion preparation. This requires
an optimal angioplasty result, which may be
assessed using angiography, physiology, or
intravascular imaging, with drug delivery

MB = main branch

then performed with a DCB. Stent implanta-

PCI = percutaneous coronary

tion may be performed for suboptimal results

intervention

SB = side branch

after lesion preparation (i.e., a dissection or
unacceptable recoil primarily or as bailout after DCB application if necessary).
Although their efﬁcacy and safety have been
proved for both in-stent restenosis (ISR) and native
small-vessel disease, there are other emerging indications (e.g., bifurcation lesions, large-vessel disease, and high bleeding risk). Because of the recent
publication of new randomized clinical trial data, the
International DCB Consensus Group is updating its
previous recommendations (1,2).

LOCAL DRUG DELIVERY
Coronary stents reduce restenosis and prevent acute
vessel closure after balloon angioplasty (3). Until the
introduction of dual-antiplatelet therapy (DAPT),
their use was complicated by the frequent occurrence
of acute stent thrombosis (4), but they later became
the standard of care for obstructive coronary artery
disease, delivering more favorable acute results and
lower restenosis rates compared with angioplasty

HIGHLIGHTS
 DES still have some limitations in certain
clinical and anatomic conditions.
 DCBs are a novel therapeutic strategy for
coronary artery disease.
 Besides ISR, new data show possible indications for native coronary artery
disease.
 Future research will focus on alternative
drug coatings and other possible
indications.
alone (5). Drug-eluting stents (DES) were introduced
to reduce ISR by a controlled, sustained release of
antiproliferative

drugs.

However,

a

persistent

concern even with second-generation DES has been
the late occurrence of neoatherosclerosis and thrombotic events such as stent thrombosis (6). Therefore,
DCBs have become attractive, as they fulﬁll the
concept of “leaving nothing behind” without the
elevated thrombotic risk seen with temporary implants such as bioresorbable scaffolds (7).
Negative vessel remodeling and neointimal hyperplasia both contribute to restenosis after angioplasty
(8). These are slow processes that can be prevented by a
sustained release of antiproliferative drugs for restenosis prevention (9). Initial experimental work
demonstrated that non-stent-based approaches for
local drug delivery would require rapid drug uptake by
the tissue and drug persistence in the vessel wall to
compensate for a short contact time (10–12). Although a
variety of different coatings on balloon catheters were
tested, concepts using taxane compounds such as
protaxel and paclitaxel were investigated (10), and a

F I G U R E 1 Drug-Coated Balloon Technique and Mechanism of Action

speciﬁc balloon coating using a contrast medium as an
excipient resulted in a dose-dependent reduction of
neointimal formation in a porcine coronary model (13).
The combination of a highly lipophilic drug and a
speciﬁc coating matrix was ﬁnally tested in a small
ﬁrst-in-human trial in coronary ISR, which showed a
signiﬁcantly lower incidence of restenosis (14). Of
note, one of the important aspects of local paclitaxel
therapy is the positive remodeling phenomenon,
describing a late luminal increase after a successful
DCB-only strategy (15,16).
Recently, sirolimus and its derivatives have been
investigated for the use in DCBs. Limitations of
“limus” substances are basically the poorer transfer
rate compared with paclitaxel (17) and the necessary

Reproduced with permission from B. Braun.

long persistence in tissue due to the reversible binding to the mammalian target of rapamycin receptor

Jeger et al.

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 13, NO. 12, 2020
JUNE 22, 2020:1391–402

Third International DCB Consensus Group Report

T A B L E 1 Commercially Available DCBs

Drug and Device

Dose (mg/mm 2)

Company

Additive

Substance Class

Approval

Boston Scientiﬁc

Acetyl tributyl citrate

Plasticizer

Aachen
Resonance

None

Danubio

Minvasys

n-Butyryl tri-n-hexyl citrate

Plasticizer

2.5

CE certiﬁed

SeQuent Please

B. Braun

Iopromide

X-ray contrast medium

3

CE certiﬁed

Paclitaxel
Agent
Elutax SV

Pantera Lux

2

CE certiﬁed

2.2

CE certiﬁed

Biotronik

n-Butyryl tri-n-hexyl citrate

Plasticizer

3

CE certiﬁed

RESTORE

Cardionovum

Shellac

Varnish

3

CE certiﬁed

AngioSculptX

Antioxidant

Spectranetics

Nordihydroguaiaretic acid

Chocolate Touch

QT Vascular

Undisclosed

Dior II, BioStream

Eurocor
Biosensors

Shellac

Essential

iVascular

Undisclosed

IN.PACT (Admiral, Paciﬁc,
Falcon)

Medtronic
Vascular

3

CE certiﬁed

3

CE certiﬁed

Varnish

3
3

CE certiﬁed

Urea

Endogenous metabolite

3.5

CE certiﬁed, FDA approved
(Admiral)

Sirolimus
Selution

Med Alliance

Biodegradable polymer

Microreservoirs

Virtue

Caliber
Therapeutics

Biodegradable polyester-based
polymers

Submicrometer
nanoparticles

Magic Touch
Sequent Please SCB

Concept Medical

Phospholipids

B. Braun

Crystalline sirolimus

CE certiﬁed
4

CE certiﬁed

CE ¼ Conformité Européenne; DCB ¼ drug-coated balloon; FDA ¼ U.S. Food and Drug Administration.

(18). Meanwhile, several concepts for local balloon-

TECHNICAL CONSIDERATIONS

based administration of sirolimus or its analogues
have been proposed (Table 1) (19–23). In preclinical

CHOICE OF DCB. A wide variety of different DCBs are

models, a biological effect for a coating with zotar-

available for coronary use (Table 1). Paclitaxel is still

olimus instead of paclitaxel was demonstrated (20).

the drug of choice, with a typical dose between 2 and

The SABRE (Sirolimus Angioplasty Balloon for Coro-

3.5 mg/mm 2 on the balloon surface. One of the critical

nary In-Stent Restenosis) trial reported the ﬁrst clin-

factors enabling successful drug transfer is the

ical experience with sirolimus in a liquid formulation

coating formulation and the technique of the coating

delivered by a porous balloon for coronary ISR (24).

procedure, thus resulting in different pharmacoki-

Another concept for balloon coating is the encapsu-

netic proﬁles (26). Therefore, the interaction among

lation of sirolimus in phospholipids (22). Unfortu-

drug doses, formulations, release kinetics, and le-

nately, only registry data have been presented for this

sions seems to be crucial for the vascular response

approach. Although some of these sirolimus coatings

after DCB therapy. As mentioned earlier, there is no

on balloons showed a rapid decrease of tissue con-

evidence of a “class effect” among different plat-

centrations (19,22), a crystalline sirolimus coating

forms, as outlined in current guidelines (27).

with butylated hydroxytoluene as an excipient was
associated with persistent vessel concentrations of up

LESION PREPARATION. In uncomplicated lesions,

to 50% of the initial concentration at 1 month (23). In

lesion preparation (Central Illustration) using a semi-

a clinical randomized trial using this formulation in

or noncompliant balloon with a balloon-to-artery ra-

DES ISR, in-segment late lumen loss after 6 months

tio of 1:1 is recommended (1,2). In anticipated difﬁcult

was similar between the paclitaxel- and the sirolimus-

balloon delivery, vessel underﬁlling, or potential

coated balloon groups, while clinical events did not

undersizing, it is reasonable to start with a smaller

differ between the groups up to 12 months (25).

balloon and reassess vessel size after the use of va-

Taken together, because the interaction among the

sodilators. In the case of expansion failure of a stan-

doses, formulations, and release kinetics of the drugs

dard

used is important, there is no “class effect” of DCBs.

noncompliant

semicompliant
balloons

balloon,
or

cutting

high-pressure
and

scoring
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C E N T R A L IL L U ST R A T I O N DCB-Only Strategy for PCI in Coronary Artery Disease

Jeger, R.V. et al. J Am Coll Cardiol Intv. 2020;13(12):1391–402.

*FFR >0.80 may be a good compromise to guide angioplasty. DCB ¼ drug-coated balloon; DES ¼ drug-eluting stent; FFR ¼ fractional ﬂow
reserve; ISR ¼ in-stent restenosis; IVUS ¼ intravascular ultrasound; OCT ¼ optical coherence tomography; PCI ¼ percutaneous coronary
intervention.

balloons are recommended. Use of these specialty

dissection. Speciﬁcally, angiography must exclude

balloons may result in a more predictable and uni-

delayed contrast clearing from the vessel lumen, wall,

form pre-dilation result in comparison with standard

and any dissection plane. According to pre-stent and

balloons if any calciﬁcation is present in the vessel

pre-DAPT data, type A and B dissections have always

wall. In ISR, aggressive pre-dilation using high pres-

been safe to leave after balloon angioplasty (33),

sures may be recommended to tackle severe stent

whereas type C dissections are more open to debate,

underexpansion. Optimal lesion preparation has been

with some recent data suggesting good medium-term

shown to reduce event rates after DCB interventions

outcomes, exhibiting sealing of most of dissections

of ISR (28), with scoring balloons tending to improve

without

results (29), which may apply to de novo lesions as

Currently, any type C or greater dissection should be

signiﬁcant

neointimal

hyperplasia

(16).

well. Rarely, balloon angioplasty is not feasible or will

treated with stent implantation.

not produce an adequate result. In such cases, any
lesion preparatory adjunctive therapy, such as rota-

FRACTIONAL

blation, laser or orbital atherectomy, lithotripsy, or

ANGIOPLASTY. In the setting of residual dissections

FLOW

RESERVE

(FFR)–GUIDED

prolonged dilation, may be considered (30,31). These

and angiographically limited acute luminal gain after

ablative procedures can facilitate optimal balloon

pre-dilation, the use of FFR has been advocated to

angioplasty and subsequent drug administration.

better deﬁne the functional result, on the basis of the

Once lesion preparation has been performed, an

notion that an FFR value at the ischemic threshold is

be

an appropriate value to leave untreated. Although

conﬁrmed prior to DCB delivery, which consists of the

historical data show that FFR >0.90 after balloon

following factors: 1) a fully inﬂated balloon of the

angioplasty is a good indicator of immediate func-

correct size for the vessel; 2) #30% residual stenosis

tional improvement, with low restenosis rates in 2-

optimal

balloon

angioplasty

result

should

(32); 3) TIMI (Thrombolysis In Myocardial Infarction)

year follow-up (34), more recent trials advise 0.85

ﬂow grade 3; and 4) the absence of a ﬂow-limiting

(35) and even 0.75 after balloon angioplasty (36,37) as
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T A B L E 2 Randomized Controlled Trials of DCBs in ISR

Comparators
to PCB

n

Follow-Up Duration

Angiographic Follow-Up

p Value

MACE (%)

p Value

TLR (%)

p Value

POBA

108

6 months (angio)
12 months (clinical)

LLL 0.03  0.48 mm
vs. 0.74  0.86 mm

0.0002

4 vs. 31

0.01

0 vs. 23

0.02

27.8 vs. 59.3

0.009

9.3 vs. 38.9

0.004

PEPCAD II (97)

PES

131

6 months (angio)
12 months (clinical)
3 yrs (clinical)

LLL 0.17  0.42 mm
vs. 0.38  0.61 mm

0.03

9 vs. 22

0.08

6 vs. 15

0.15

RIBS V (98)

EES

189

6–9 months (angio)
12 months (clinical)

LLL 0.14  0.5 mm
vs. 0.04  0.5 mm,
binary
restenosis 9.5% vs. 4.7%

0.14
0.22

8 vs. 6

0.60

6 vs. 1

0.09

12 vs. 10

0.64

8 vs. 2

0.04

4.2 vs. 8

0.576

Study Name (Ref. #)

BMS ISR
PACOCATH ISR I
and II (14)

5 yrs (clinical)

34.8 vs. 41.5

3 yrs (clinical)
SEDUCE (99)

EES

50

9 months (angio)
12 months (clinical)

LLL 0.28 mm vs. 0.07 mm,
proportion uncovered struts
(OCT) 1.4% vs. 3.1%

0.1
0.025

TIS (100)

EES

136

12 months

LLL 0.02 mm vs.
0.19 mm

0.0004

10.3 vs. 19.1

0.213

7.4 vs. 16.2
(TVR)

0.110

POBA

110

6 months (angio and
clinical)
3 yrs

LLL 0.43  0.61 mm
vs. 1.03  0.77 mm,
restenosis 17.2% vs.
58.1%
LLL 0.46  0.51 mm
vs. 0.55  0.61 mm

<0.001
0.001

16.7 vs. 50.0

<0.001

15.3 vs. 36.8

0.005

20.8 vs. 52.6

0.001

19.4 vs. 36.8

0.046

16.5 vs. 16 (TLF)

0.92

15.6 vs. 12.3

0.48

16.8 vs. 18.6
(TLF)

0.73

15.9 vs. 13.7

0.66

23$5 vs. 19$3
vs. 46$2

0.5
(PCB vs.
PES)
0.91
(PCB vs.
PES)

22$1 vs. 13$5
vs. 43$5

0.09
(PCB vs.
PES)
0.11
(PCB vs.
PES)

DES ISR
PEPCAD-DES (101)

PEPCAD CHINA
ISR (102)

PES

220

9 months (angio)
12 months (clinical)

0.0005*

2 yrs (clinical)
PES vs. POBA 402

ISAR DESIRE
III (103)

6–8 months (angio)
12 months (clinical)

Diameter stenosis 38%
vs. 37.4%

0.007*

3 yrs (clinical)

38.0 vs. 37.7
vs. 55.7

33.3 vs. 24.2
vs. 50.8

ISAR DESIRE
IV (29)

Scoring and
PCB

252

6–8 months (angio)
12 months (clinical)

LLL 0.31  59 mm
vs. 0.41  0.74 mm

0.27

18.4 vs. 23.3

0.35

16.2 vs. 21.8

0.26

RIBS IV (104)

EES

309

6–9 months (angio)
12 months (clinical)

Binary restenosis
19% vs. 11%

0.06

18 vs. 10

0.04

16 vs. 8

0.035

RESTORE (105)

EES

172

9 months (angio)
12 months (clinical)

LLL 0.15  0.49 mm
vs. 0.19  0.41 mm

0.54

7.0 vs. 4.7

0.51

5.8 vs. 1.2

0.10

FIM LIMUS DCB
(25)

SCB

50

6 months (angio)

LLL 0.21  0.54 mm
vs. 0.17  0.55 mm

0.794

16 vs. 12

>0.99

16 vs. 12

>0.99

BIOLUX (106)

SES

229

6 months (angio)
12 months (clinical)

LLL 0.03  0.40 mm
vs. 0.20  0.70 mm

0.40

16.9 vs. 14.2
(TLF)

0.65

12.5 vs. 10.1

0.82

DARE (107)

EES

278

6 months (angio)
12 months (clinical)

MLD 1.71  0.51 mm
vs. 1.74  0.61 mm

<0.0001*

10.9 vs. 9.2

0.66

7.1 vs. 8.8 (TVR)

0.65

Mixed ISR

Only randomized controlled trials in ISR are included. *Noninferiority.
angio ¼ angiographic; BMS ¼ bare metal stent; EES ¼ everolimus-eluting stent; LLL ¼ late lumen loss; MACE ¼ major adverse clinical events; MLD ¼ mean luminal diameter; ISR ¼ in-stent restenosis;
OCT ¼ optical coherence tomography; PCB ¼ paclitaxel-coated balloon; PES ¼ paclitaxel-eluting stent; POBA ¼ plain old balloon angioplasty; SCB ¼ sirolimus-coated balloon; SES ¼ sirolimus-eluting stent;
TLF ¼ target lesion failure; TLR ¼ target lesion revascularization; TVR ¼ target vessel revascularization.

optimal FFR cutoffs to predict future outcomes.

most recently used pre-dilation balloon may be used

Despite the absence of valid data on the ideal FFR

as a guide, while the presence of very distal lesions,

threshold after plain balloon angioplasty, an FFR of

extreme tortuosity, or excessive calciﬁcation should

0.80 may be a good compromise to guide angioplasty

all increase the awareness of the possibility of DCB

(Central Illustration). This issue is one that should be

delivery failure. The use of a guiding catheter with

further investigated.

good support, a guide extension, a buddy wire, or,

DCB

DELIVERY. First-generation

deliverable

than

standard

DCBs were less

balloons

with

with particular care, deep guide engagement are all

larger

options to aid balloon delivery. Care should be taken

crossing proﬁles, whereas current-generation DCBs

when handling a DCB, as some brands may shed drug

show improved deliverability. The passage of the

and carrier when touched or after contact with liquid.
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T A B L E 3 Randomized Controlled Trials of DCB Only in De Novo Lesions of Small Coronary Vessels

Study Name
(Ref. #)

Comparators

n

Follow-Up Duration

Angiographic
Follow-Up

p Value

MACE (%)

p Value

TLR (%)

p Value

PICCOLETO
(58)

Dior PCB vs. TAXUS
Liberté PES

57

6 months (angio)
9 months (clinical)

MLD 1.11  0.65 mm
vs. 1.94  0.72 mm

0.0002

35.7 vs. 13.8

0.054

32.1 vs. 10.3

0.15

BELLO (59,66)

IN.PACT Falcon PCB
vs. TAXUS Liberté
PES

182

6 months (angio)
12 months (clinical)
3 yrs (clinical)

LLL 0.08  0.38 mm
vs. 0.29  0.44 mm

0.001

10 vs. 16.3

0.21

4.4 vs. 7.6

0.37

14.4 vs. 30.4

0.015

RESTORE SVD
(61)

Restore PCB vs.
Resolute Integrity
ZES

230

9-12 months (angio)
12 months (clinical)

LLL 0.26  0.42 mm
vs. 0.30  0.35 mm,
diameter stenosis
29.6  2.0% vs. 24.1
 2.0%

0.41, <0.001

9.6 vs. 9.6

1.0

4.4 vs. 2.6

0.72

Sequent Please PCB
vs. TAXUS Element
PES and Xience EES

758

6 months (angio)*
12 months (clinical)

LLL 0.13 mm (0.14
to 0.57 mm) vs.
0.10 mm (0.16 to
0.34 mm)

0.72

8 vs. 8

0.918,
0.0152†

3.4 vs. 4.5

0.438

BASKETSMALL 2
(60)

Only randomized controlled trials in patients with lesions in native coronary vessels #2.75 or 3.0 mm are included. *Only clinically indicated angiography. †Noninferiority.
ZES ¼ zotarolimus-eluting stent; other abbreviations as in Tables 1 and 2.

Each DCB brand will have speciﬁc instructions for

operators prefer the use of DCBs over DES in patients

use, and particular notice needs to be taken of the

presenting with ﬁrst ISR, reserving the use of a new

maximum transit time in the patient (i.e., before

DES layer for patients with subsequent recurrences

excessive drug loss has occurred) and the minimum

after DCB treatment. The use of DCB instead of repeat

inﬂation time for drug delivery (Central Illustration).

DES implantation is particularly attractive in patients

Most manufacturers would not recommend reinser-

with multiple previous stent layers, those with rele-

tion of the same DCB after delivery failure. The lesion

vant side branches emerging from the stent with ISR,

that has undergone lesion preparation plus at least

and those who on clinical grounds may beneﬁt from a

2 mm proximally or distally should be covered with

shorter dual-antiplatelet regimen (40). Therefore,

the DCB.

treatment of ISR has entered current guidelines on
myocardial revascularization as a recommendation

ANGIOGRAPHIC INDICATIONS

(Class I, Level of Evidence: A) (27).

ISR. ISR histologically is different from restenosis

consider the underlying pathology, and guidance

after angioplasty, because early after stent implan-

using

tation increases the extent of neointimal hyperplasia

extremely helpful and is highly recommended to

(38). Although bare-metal stent (BMS) ISR is typically

detect “mechanical” causes of ISR failure and correct

characterized by neointimal hyperplasia, DES ISR is

them accordingly (Central Illustration) (27,40). The

typically characterized by neointimal hyperplasia

requirements are essentially similar and independent

Lesion preparation of ISR lesions must carefully
intravascular

imaging

modalities

can

be

with late neoatherosclerotic changes (39). In ISR

of using a DCB or a DES as ﬁnal treatment. However,

populations (27,40,41), beneﬁt from DCBs may be

the use of DCBs in conventionally undilatable lesions

found in patients presenting with both BMS ISR and

is limited. Rotablation (45), lithotripsy (46), and

DES ISR (Table 2). However, patients with DES ISR

scoring or cutting balloons may be useful tools to

represent a selected high-risk population with pri-

improve stent expansion and luminal gain and to

mary failure of local drug delivery by the stent

avoid slippage of pre-dilation balloons (47,48).

(42,43), and the potential relative efﬁcacy of DCBs
versus DES according to the underlying tissue sub-

DE NOVO LESIONS IN SMALL VESSELS. The inter-

strate

ventional treatment of coronary small-vessel disease,

(e.g.,

neointimal

hyperplasia

vs.

neo-

usually

randomized trial data published in a large meta-

or <3.0 mm, remains challenging. Although DES are

analysis, DCBs are similarly effective as DES in the

as effective in small as in large vessels, the resulting

reduction of revascularization for BMS ISR, whereas

late lumen loss occupies a higher percentage of the

they have somewhat lower efﬁcacy in DES ISR (44).

respective vessel diameter, leading to higher rates of

The necessity of a new permanent metal layer limits

ISR and clinical events (49). The clinical feasibility of

the

implantation

the treatment of small-vessel disease with DCBs has

compared with the use of a DCB. As a result, many

initially been shown in several nonrandomized

attractiveness

of

repeat

DES

deﬁned

as

lesions

in

vessels

#2.75

atherosclerosis) may be different. On the basis of
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T A B L E 4 DCB Only in De Novo Lesions of Large Coronary Vessels

Study Name/
First Author et al.
(Ref. #)

DELUX (70)
FALCON (69)

DCB

n

Pantera Lux

105

$2.75-mm
DCB (%)

In.Pact Falcon

326

Venetsanos et al. (53)

SeQuent Please, In.Pact
Falcon, Pantera Lux

985

Rosenberg et al. (54)

Sequent Please

731

21

Uskela et al. (68)

Sequent Please

463

79

Yu et al.(108)

Sequent Please

595

36

DEBUT (57)

Sequent Please
vs. BMS (RCT)

103

76

Sequent Please
vs. BMS and DES (RCT)

104

PEPCAD-NSTEMI (62)

$3.0-mm
DCB (%)

Bailout
Stent (%)

MACE (%)

TLR (%)

23

22

9.4 (12 months)

3.1 (12 months) (TVR)

4.8

8.0 (12 months)

4.9 (12 months)

25
6

8
6

5.6 (9 months)

2.3 (9 months)

60

12

6.1 (stable CAD, 12 months)

1.4 (stable CAD, 12 months)

0.5

0 (10 months)

0 (10 months)

2

1.9 (9 months)

0 (9 months)

17.4

3.8 (9 months)

1.0 (9 months)

64

3 (12 months)

Only studies including de novo lesion treatment in 100 patients or more and reporting device diameter are included.
CAD ¼ coronary artery disease; RCT ¼ randomized controlled trial; other abbreviations as in Tables 1 and 2.

studies and registries (43,50–55), while subsequently

events and acute vessel closure, which may be due to

several randomized clinical trials were performed

the lack of foreign material and its inherent throm-

comparing DCB and balloon angioplasty (56), BMS

bogenicity (53,54,57,62,68–70). However, randomized

(57), and DES (58–62) (Table 3). In some of these trials,

data for the comparison between DCBs and DES for

the lack of superior efﬁcacy of DCBs versus angio-

this indication are still lacking.

plasty alone (56) was attributed to a very low event
rate and of DCBs versus DES (58) to the types of DCBs
used, in particular the excipient and rate of drug
transfer, as well as an inadequate implantation technique and geographic mismatch (63). Accordingly, an
earlier meta-analysis showed inferior results for DCBs
compared with DES (64). However, recently published larger and adequately designed trials showed
similar results for DCBs compared with the stents
used

as

comparators.

Speciﬁcally,

the

pivotal

BASKET-SMALL 2 (Basel Stent Kosten Effektivitäts
Trial Drug Eluting Balloons vs. Drug Eluting Stents in
Small

Vessel

Interventions)

paclitaxel-iopromide-coated

study
DCB

compared
with

a

second-

generation DES regarding clinical endpoints and
demonstrated noninferiority of the DCB to the
second-generation DES in small-vessel disease (60).
This result was corroborated by another randomized
controlled trial (61). Meanwhile, the clinical efﬁcacy
of DCBs in small-vessel disease has been conﬁrmed
up to 3 years (53,65–67).

BIFURCATION

LESIONS. Coronary

bifurcation le-

sions are encountered in up to 20% of PCI procedures
(71). They present speciﬁc challenges in terms of both
technical complexity and long-term clinical outcomes, the latter often compromised by suboptimal
side branch (SB) results.
There are currently 2 DCB strategies for the treatment of bifurcation lesions: 1) DCB in SB and DES in
main branch (MB); and 2) DCBs in both MB and SB.
The updated European Society of Cardiology guidelines recommend MB stenting with provisional SB
stenting as the default strategy for most bifurcation
lesions (27). In this setting, the use of a DCB in the SB
may be preferable to balloon angioplasty alone. Early
studies looking into the use of a BMS in the MB in
combination with a DCB in the SB demonstrated a low
late lumen loss in the SB when treated alone with a
DCB (72); recent observational studies focusing
largely on a SB DCB combined with an MB DES
strategy showed good SB results (73,74). In DCB-only
PCI in de novo bifurcation lesions with SBs $2 mm,

DE NOVO LESIONS IN LARGE VESSELS. There is

there were low rates of restenosis and target lesion

growing evidence for the efﬁcacy of the DCB-only

revascularization (75,76), and this approach was su-

strategy for the treatment of de novo lesions in

perior for Medina class 0,1,1 lesions in a randomized

large ($3.0-mm) coronary arteries as well. In studies

trial compared with angioplasty alone (77,78).

using the DCB-only approach, there variable pro-

A DCB-only intervention to the MB is often

portions of large vessels treated (Table 4). On the

adequate and supported by the fact that ostial SB le-

basis of these reports, the treatment of de novo le-

sions may exhibit positive remodeling (79). Decision

sions in large coronary segments seems to be both

on balloon size across a bifurcation lesion can be

safe and efﬁcient, with low risk rates of clinical

difﬁcult because of caliber change, but using the

1397

1398
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distal MB reference diameter in such cases is

antithrombotic agents may be ceased in case of severe

reasonable when the distal-to-proximal MB ratio is in

life-threatening bleeding earlier after DCB than after

the range of 0.75:1 to 1:1 and the balloon and DCB

DES. The recommended duration of DAPT is 4 weeks

adequately treat the more proximal vessel. If a strat-

after a DCB-only strategy in de novo vessels on the

egy of treating both distal branches is chosen, the

basis of expert opinion, with good results in recent

recommendation is to prepare both lesions sequen-

clinical trials for patients in stable condition (57,60).

tially, as for de novo DCB-only interventions. Subse-

There are preliminary data that PCI using DCBs may

quent DCB delivery is done in a similar fashion. Of

be performed only using single-antiplatelet therapy if

note, DCB compared with DES use in bifurcations al-

bleeding risk is exceptionally high (e.g., because of

lows simpliﬁcation of the procedure, and the majority

recent bleeding or upcoming emergent surgery). In

of work can be performed in a sequential manner.

one large registry study, 4% of DCB-only PCIs were

Kissing balloon angioplasty is feasible in selected

performed on single-antiplatelet therapy (68).

cases, although carina shift normally is caused by
stent implantation and not by balloon angioplasty.

In a summary of randomized clinical trials and
registries, there was no single case of an acute or a

In summary, a DCB-only strategy for bifurcation

subacute thrombosis after a DCB-only strategy in

lesions may be attempted, while a DES MB and DCB

more than 1,500 patients (89), whereas other in-

SB strategy may be chosen if there was a compro-

vestigators have reported an acute vessel thrombosis

mised result during the pre-dilation stage.

risk of only 0.2% after DCB-only PCI in comparison
with stent implantation (53). Therefore, given the

CLINICAL INDICATIONS

very low acute vessel thrombosis risk, DAPT duration
after DCB might be shortened further in patients at

DIABETES MELLITUS. More than 25% of patients

high bleeding risk, and oral anticoagulation might be

referred for coronary revascularization procedures

combined with a single antiplatelet agent in individ-

have diabetes. Such patients are typically considered

ual patients.

at high risk for cardiovascular events and exhibit poor
outcomes post-PCI, with higher rates of ISR, stent
thrombosis, myocardial infarction, and death (80,81)
because of more complex, diffuse, and long lesions in
smaller caliber vessels with reduced coronary vasodilator reserve (82). In these types of lesions, DCBs
may be a favorable alternative to DES, as they are not
subject to cracks and inhomogeneous distribution of
coating, as observed in DES (83), potentially leading
to platelet aggregation stent thrombosis, inﬂammation, and ISR (84). Although clinical experience,
especially in countries with high diabetes prevalence
and large registries (43,54), points to a very good
response in vessels in patients with diabetes, the
studies presented (85,86) predominantly used BMS as
adjunctive or comparative treatment. More data and
subgroup analyses await publication.

ACUTE CORONARY SYNDROMES. There are only

limited data available for primary PCI (62,90–93). This
patient subset brings particular reasons for the
consideration of DCB (e.g., problems regarding correct vessel sizing). The technique is similar, but
particular attention is paid to the avoidance of DCBs
in the setting of obvious angiographic thrombus,
which may inhibit drug delivery to the vessel wall.
Restoring TIMI ﬂow grade 3 and then staging interventions is also possible and may be particularly
attractive for a DCB strategy (94). Just recently, the
PEPCAD NSTEMI trial showed that a DCB-only strategy was noninferior to stent treatment in non–STsegment elevation myocardial infarction (62), while
similar results were found in the REVELATION (DrugCoated Balloon Versus Drug-Eluting Stent in Acute
Myocardial Infarction) trial for ST-segment elevation

HIGH BLEEDING RISK. The volume of PCIs in elderly

myocardial infarction (93).

patients and those on oral anticoagulation because of
atrial ﬁbrillation are both predicted to increase, and

FUTURE PERSPECTIVES

these groups have 25% to 40% rates of bleeding
ﬁrst

post-procedure

In DES, mainly sirolimus and its derivatives are used

(87–89). Bleeding after PCI increases 1-year mortality

in clinical practice. In contrast, the majority of

considerably and causes other adverse outcomes such

currently available DCBs are coated with paclitaxel,

as nonfatal myocardial infarction, prolongs hospital

while no real alternative to paclitaxel has hitherto

stay, and should therefore be avoided (87,88).

been found for balloon-based applications, at least in

complications

in

the

year

DCBs offer advantages over stent implantation in

preclinical studies (10). On the basis of its success in

patients at high bleeding risk. Although DAPT dura-

stent technology, sirolimus and its derivatives have

tion after PCI using DES has been shortened,

also been investigated for DCB applications, and
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several concepts for their use have been proposed

CONCLUSIONS

(Table 1) (19–23). Because of the very limited data
available, especially with regard to randomized

In the historical pre-DAPT era, balloon angioplasty of

controlled trials, it is currently not possible to ﬁnally

coronary artery lesions was abandoned because of

assess the proper place of balloon coatings with sub-

unfavorable short- and long-term results. However,

stances other than paclitaxel. Given its potential to

recent published randomized controlled trial data

improve outcomes in many populations, it is of vital

show that the DCB technique with optimal lesion

importance for this new technology that serious

preparation,

clinical research be carried out. This should be based

proliferative drugs to inhibit intimal hyperplasia, and

functional

testing,

use

of

anti-

on randomized studies that ﬁrst investigate the bio-

short-term DAPT has become a valid option for the

logical efﬁcacy and then the clinical safety and

treatment of coronary artery disease in many clinical

effectiveness.

situations. Although DCBs are an established therapeutic option for the treatment of ISR supported by

MORTALITY RISK WITH PACLITAXEL?

guideline recommendations, a DCB-only approach in
de novo lesions of coronary small-vessel disease is

A

recent

meta-analysis

raised

the

concern

of

now a valid treatment alternative to DES if current

increased mortality in patients with peripheral

recommendations regarding optimal balloon angio-

arterial disease and treated with paclitaxel stents

plasty and subsequent DCB delivery are adequately

and balloons (95). Although that study was subject

followed. In addition, there is growing evidence that

to major statistical limitations, there has been no

other clinical situations, such as bifurcation lesions,

concern for the use of paclitaxel-coated balloons in

PCI in large coronary vessels, or even complex coro-

the coronary vasculature on the basis of registry

nary interventions, may beneﬁt from a DCB-only

studies or randomized trials. A recent meta-analysis

approach. Randomized trials should be organized to

in patients treated with DCBs for coronary ISR (44)

determine if speciﬁc beneﬁts might be achieved in

did

patients with diabetes mellitus or at high bleeding

not

show

paclitaxel-coated

increased
balloons,

mortality
while

rates

another

for

meta-

risk.

analysis in patients treated with DCBs for coronary
de novo stenosis did not show increased mortality
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rates up to 2 years but even lower mortality rates at
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3 years for paclitaxel-coated balloons compared
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with DES (96).
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