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Abstract

Background Drug-coated balloons (DCB) have promising results in the management of large coronary artery lesions
(CAD), still their role in treating small CAD is not well established. We aimed to provide a comprehensive appraisal of
the efficacy and safety of DCBs in patients with small CAD.

Methods We searched PubMed, Scopus, web of science, Ovid, and Cochrane Central from inception until 30 March,
2023.We included all relevant studies that compared DCB versus drug-eluting stents (DES) in small CAD patients
undergoing PCl. We reported clinical outcomes as MACE, all-cause death, cardiac death, MI, TLR, TVR, and stent
thrombosis, while angiographic outcomes were late lumen loss (LLL), mean lumen diameter (MLD), net luminal gain
(NLG), and in-segment binary restenosis.

Results Twenty studies comprising 18,469 patients were included in this meta-analysis. The incidence rate of MACE
was 9.4% in the DCB group compared to 9.9% in the DES group, without a significant difference in the risk of MACE
(OR=0.97,95% Cl: 0.77 to 1.22, p=0.78). Moreover, DCB significantly decreased MLD and NLG compared to DES, with
the following values, respectively (MD=-0.19, 95% Cl:-0.32 to -0.06, p < 0.001, and MD -0.21, 95% Cl: -0.40 to -0.01,
p=0.04). On the other hand, DCB was associated with higher odds in the risk of in-segment binary restenosis (OR 1.66,
95% Cl: 1.03 t0 2.68, p=0.04).

Conclusion DCB is an alternative approach to DES in the management of small CAD and should be validated in daily
clinical practice.
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Introduction

The primary approach for treating coronary artery dis-
ease (CAD) involves drug-eluting stents (DESs) of second
generations. However, drug-coated balloons (DCBs) offer
a new and innovative alternative for certain patients,
such as those with in-stent restenosis, a higher risk of
bleeding, or large vessel CAD [1, 2].

DCBs consist of balloons coated with a specific drug in
a specific matrix. Once the balloon is inflated, the drug
is quickly embedded into the vessel wall, providing its
anti-proliferative effect. DCBs can be used, also, in the
coronary vasculature as long as the preparation of lesion
does not lead to major complications as leaving residual
stenosis greater than 30% or lead to flow-limiting dissec-
tions, and there is no inhibition of drug transfer due to
the presence of a large intravascular thrombus [3, 4]. The
primary drawback of the DCB-only strategy is the lack of
intravascular foreign material, which could lead to severe
complications as stent thrombosis. Other advantages
include the need for only short-term dual antiplatelet
therapy (DAPT) of four weeks after DCB and the poten-
tial long-term positive remodeling effect on the treated
vessel associated with paclitaxel [3, 4].

Regarding DCB’s role concerning different coronary
artery disease diameters, Yu and colleagues found that
treating large coronary de novo lesions using DCB alone
was safe and effective [5]. For small vessel disease, both
the Balloon Elution and Late Loss Optimization (BELLO)
study and the Basel Kosten Effektivitits Trial-Drug-
Coated Balloons versus Drug-eluting Stents in Small Ves-
sel Interventions (BASKET-SMALL) trial showed low
rates of major adverse cardiac events (MACE) at the one-
year follow-up [6, 7]. Additionally, a previous report from
the RESTORE small vessel disease (SVD) China study
indicated that DCBs were non-inferior to DES [8].

DES is associated with an improvement in clinical out-
comes of patients with large CAD, despite the improved
rates of clinical outcomes, the amount of stent length
remains unchanged with higher rates of late adverse
events [4, 5]. Moreover, the use of DES in patients with
small de novo CAD lesions was associated with higher
risk of restenosis and stent thrombus. Conflict data
between the role of DCB and DES in small lesions were
reported.

Li et al, in their meta-analysis, found that the use of
DCB is comparable to the DES in achieving favorable
outcomes, including a reduced risk of nonfatal myocar-
dial infarction [9]. As such, it may be considered a highly
recommended treatment approach for patients with de
novo small coronary artery vessel disease.

From the aforementioned literature, DCB showed
promising results in CAD, but their role in de novo small
CAD needs stronger evidence to be established in our
everyday clinical practice, and yet no comprehensive
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pooled analysis was established. So, We aimed to provide
a more comprehensive and quantitative assessment of
the efficacy and safety of DCB compared with DES in de
novo small vessel CAD.

Methods

We adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines in
the current meta-analysis [10], and followed the guide-
lines of the Cochrane Handbook of Systematic Reviews
and Meta-analysis of Interventions. The study was regis-
tered on PROSPERO CRD42023413068.

Eligibility criteria

We included all the relevant studies, RCTs or observa-
tional studies, addressing patients of de novo small coro-
nary artery disease undergoing PCI treated with DCB as
the intervention group and the DES as the control group,
and reported the outcomes of interest in an intention-to-
treat analysis. we excluded the animal studies, conference
abstracts, and unpublished data. We did not use the Eng-
lish filter, so any foreign language was considered in our
inclusion criteria.

Primary and secondary outcomes

The primary outcome of interest was the incidence of
MACE. The definitions reported by each author are illus-
trated in supplementary Table 1. While the secondary
outcomes of interest were the incidence of myocardial
infarction (MI), target lesion revascularization (TLR),
cardiac death, all-cause death, target vessel revasculariza-
tion (TVR), stent thrombosis, in-segment binary reste-
nosis, and angiographic assessment as minimum lumen
diameter (MLD), late lumen loss (LLL), and net lumen
gain (NLG).

Literature search and screening

An electronic search on Scopus, PubMed, Web of Sci-
ence, Ovid, and Cochrane Central from inception until
March 30th, 2023, was carried out using the following
search strategy: (“drug-coated balloon” OR “DCBs” OR
“drug coated balloons”) AND (“drug-eluting stent” OR
“DES” OR “drug eluting stents” OR “stent”) AND (“small-
vessel coronary artery” OR “de novo small coronary ves-
sel disease*” OR “de novo small coronary artery lesion*”)
AND (“PCI” OR “Percutaneous Coronary Intervention”).
Any duplicates were removed using EndNote. Moreover,
all included studies were retrieved manually for addi-
tional studies. The results were screened in a two-step
wise; the first was title and abstract screening then a full-
text screening of the relevant studies was done.
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Data extraction

We used a specified data extraction sheet to include the
following items: (1) Characteristics of the population of
included studies, (2) Characteristics of the included stud-
ies, (3) Assessment of Risk of bias domains, (4) Outcomes
of interests.

Synthesis of results

In case of multiple time points reported by each study,
we considered the outcomes of the last follow-up point as
our long-term follow-up. The number of events and the
total of sample size included were pooled as odds ratio
(OR) and its 95% confidence interval (CI) for dichoto-
mous outcomes using the DerSimonian-Laird random-
effect model. Moreover, the mean difference (MD) and
its 95% CI were pooled for continuous outcomes in the
DerSimonian-Laird random-effect model. All analyses
were computed using Stata MP 17 for Mac.

Assessment of heterogeneity

We used the chi-square test using the following equation:
I>=Q-dfQx100% to assess the statistical heterogeneity
reported among studies. The P-value of less than 0.05
was considered a significant heterogeneity. High hetero-
geneity was defined as I-square values >50%. When there
is significant heterogeneity, the leave-one-out sensitivity
analysis model was used to resolve reported heterogene-
ity. Galbraith plot was used to detect any heterogeneity
across studies.

Quality assessment

The quality of included clinical trials was assessed
according to the Cochrane Risk of Bias 2 (ROB-2) tool for
RCTs that involves the following five domains: selection
bias via the randomization process, performance bias via
the deviation from the intended interventions, detection
bias via the outcome measurement, attrition bias via any
missing outcome data, reporting bias via the selection of
reported results and any other potential source of bias.

The authors’ decision is classified as Low risk of bias’,
‘Some concerns’;, or ‘High risk of bias” We used funnel
plots to detect the publication bias. Moreover, evidence
of publication bias was assessed by Egger’s regression
test.

We performed a Trial Sequential Analysis (TSA) to
assess the robustness of the pooled evidence from studied
outcomes as to the cumulative analysis of the included
trials; there is an increased possibility of multiple statisti-
cal errors as type 1 and type 2 errors. When the pooled
Z-line on the curve crosses the reference boundary and
boundary of pooled analysis, this is an indication of no
further trials are required, and the evidence is conclu-
sive and sufficient. However, if the pooled Z-line on the
curve does not cross any boundary, then the evidence is
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not sufficient to draw a conclusion and more studies are
still needed. In the current meta-analysis, we declared a
0.05 value as our alpha error, and a beta error of 0.2 cor-
responding to 80% power. We calculated the mean dif-
ference in this meta-analysis to obtain the sample size
needed for TSA.

Results

Literature search

Our literature search included 318 records. After title
and abstract screening, 30 articles were eligible for con-
sideration as full-text screening. A total of 20 studies with
4 extended studies were included in the study. The pro-
cess of study selection is shown in the PRISMA flow dia-
gram, as shown in Fig. 1.

Characteristics of included studies

All studies enrolled 18,469 patients from 20 studies and
4 extended studies [5-7], [11-27]. Of the 20 included
studies of which 13 studies were RCTs and 7 studies were
observational. The summary and baseline of the included
studies are summarized in Table 1.

Risk of bias assessment

Regarding risk of bias assessment of RCTs, seven studies
showed an overall some concerns, mainly due to lack of
information of the randomization process, as shown in
Fig. 2.

As for risk of bias assessment of observational stud-
ies, All the seven studies were truly representative of
the included patients. In addition, the control group was
selected from the same community. Also, the two groups
included in all studies were comparable in all studies.
Some studies (Tasai 2022, Silverio 2020, and Giannini
2017) achieved comparability through a propensity
matching model. The follow-up periods were adequate
in all studies. In conclusion, the overall quality of all the
studies is good. The risk of bias summary is illustrated in
Table 2.

Clinical outcomes
MACE
The incidence of MACE was reported in 16 studies, of
which the event rate in the DCB group was 9.4% (158
of 1,677), while it was 9.9% (185 of 1855) in the DES
group. The pooled OR did not favour DCB over DES in
MACE (OR=0.97, 95% CI [0.77 to 1.22], p=0.78; I* = 0%,
p=0.43), as shown in Fig. 3. A pooled analysis of a com-
posite of cardiac death, MI, and TLR showed that the
pooled OR did not favour DCB over DES (OR=1.11, 95%
CI [0.76 to 1.63], p=0.60), as shown in Supplementary
Fig. 1.

A subgroup analysis was performed on study designs,
of which the pooled analysis showed no significant
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

L
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Records removed before

Records identified from*: screening:
Databases (n = 318) > Duplicate records removed (n
= 38)

A 4
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Records excluded**

(n = 280) (n=210)
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Reports sought for retrieval »| Reports not retrieved
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Conference abstract (n = 2)
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Studies included in review
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the

total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by

automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/

Fig. 1 PRISMA flow diagram

difference in the two subgroups (OR=0.94, 95% CI [0.65
to 1.37], p=0.75; I*=0%, p=0.99 for observational stud-
ies, and (OR =0.99, 95% CI [0.70 to 1.39], p=0.93; I = 0%,
p=0.14 for RCTs), as shown in Supplementary Fig. 2.

We further performed another subgroup analysis on
the intervention, in which the pooled analysis did not
favour any of the two interventions in studies subgroups
(OR=1.78, 95% CI [0.70 to 4.50], p=0.22, 0.88, 95% CI
[0.69 to 1.13], p=0.32) for the DCB plus BMS vs. DES,
and DCB vs. DES, respectively, as shown in Supplemen-
tary Fig. 3.

Galbraith plot and funnel plot were assessed, and by
inspection, only one study was visualized out of the 95%
CI of the precision are, indicating their heterogeneity
from other studies, however the funnel plot was sym-
metry and no other studies were need to achieve stabil-
ity suggesting that no possible publication bias found, as
shown in Figs. 4 and 5.

We performed a trial sequential analysis (TSA) on 16
studies that assessment MACE of which the cumulative
Z-line on the curve did not cross either the conventional
boundaries of benefit nor the trial sequential monitoring
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Unique ID D1 D2 D3 D4
Latib 2012 ! + + +
liistro 2013 + + + +
Nishiyama 2016 ! + + +
Chae 2017 ! ! + +
Cortese 2010 C + + +
Jeger 2018 ! + + +
Tang 2018 + + + +
Yu 2022 ! ! ! +
Zurakowski 2015 + + + +
Cortese 2020 + + + +
Zheng 2020 + + + +
Tang 2019 o + + +
Zhou 2020 + + ! +

Fig. 2 Risk of bias assessment tool-2 (ROB-2) for RCTs

boundaries for any interventions, suggesting that DCB
is not-inferior to DES, and further large volume RCTs
should be carried out to validate our results, as shown in
Fig. 6.

Secondary clinical outcomes

The pooled analysis of all-cause death reported by 16
studies (n=17,983 patients) showed that DCB was non-
inferior to DES (OR 0.98, 95% CI [0.69 to 1.40], p=0.93;
the pooled studies were homogenous (p=0.93; I? =9%),
as shown in Supplementary Fig. 4. Also, the pooled anal-
ysis of cardiac death reported by eight studies (n=1,108
patients) showed that DCB was non-inferior to DES (OR
1.51, 95% CI [0.78 to 2.93], p=0.22; the pooled studies
were homogenous (p = 0.92; I>=0%), as shown in Supple-
mentary Fig. 5.

Regarding MI, the pooled analysis of 19 studies
(n=18,409 patients) showed that DCB was non-inferior
to DES (OR 1.07, 95% CI [0.89 to 1.30], p=0.47; the
pooled studies were homogenous (p=0.54; I*=0%), as
shown in Supplementary Fig. 6.

As to TLR and TVR, the pooled analysis of 18 studies
(n=17,601 patients) and 11 studies (n=2,346 patients),
respectively did not favor either of the two interven-
tions (OR 1.04, 95% CI [0.74 to 1.48], p=0.82; and OR
1.00, 95% CI [0.64 to 1.55], p=0.99), respectively. The
pooled studies were homogenous for TLR and little

Page 11 of 18

2

+

Low risk

Some concerns

High risk

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

0000000000000

heterogenous for TVR with the following values, respec-
tively (p=0.25; ?=17.34%, and p=0.09; I°=39.10%), as
shown in Supplementary Figs. 7, 8.

We performed a sensitivity analysis called Leaveoneout
for TVR, and no single study had a disproportional effect
on the pooled OR, which varied from 0.86 by excluding
Liistro et al. and by 1.11 when excluding Zheng et al,, as
shown in Supplementary Fig. 9.

Regarding stent thrombosis, the pooled analysis of 12
studies (n=2,788 patients) showed that DCB was non-
inferior to DES (OR 0.87, 95% CI [0.46 to 1.65], p=0.67;
the pooled studies were homogenous (P=0.96; I*=0%),
as shown in Supplementary Fig. 10.

Angiographic outcomes
As to MLD and NLG, the pooled analysis of 15 studies
(n=2,195 patients) and eight studies (7 =2,195 patients),
respectively showed that DCB was superior to DES with
the following values, respectively (MD -0.19, 95% CI
[-0.32 to -0.06], p<0.001, and MD -0.21, 95% CI [-0.40
to -0.01], p=0.04), respectively, as shown in Figs. 7 and
8. The pooled studies for MLD and NLG were heteroge-
nous with the following values (p <0.001; I? = 90.96%, and
p<0.001; *=95.11%), respectively, as shown in Figs. 7
and 8.

We performed a sensitivity analysis called Leaveoneout
for MLD, and no single study had a disproportional effect
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£ v % % % % % % % on the overall MD. However, in NLG, only two studies
S & G568 8586 & & Giannini et al., and Zhou et al., when excluded, the over-
T all MD remains significant in favor of DCB, as shown in
£3% 5 Supplementary Figs. 11, 12.
2TEEL . The pooled analysis of the LLL reported by 13 studies
§'-§, § (n=1,936 patients) did not favor either of the two inter-
2283 ventions (MD -0.06, 95% CI [-0.22 to 0.09], p=0.43; the
d gg g o pooled studies were heterogenous (P=0.01; I* = 96.82%),
. as shown in Supplementary Fig. 13.
g“.g § However, when we performed a sensitivity analysis
2E3 ... .. .. upon excluding Liistro et al., the pooled analysis favored
S, DCB group over DES group (MD -0.12, 95% CI [-0.23 to
2 % "g g H -0.01], p=0.03), as shown in Supplementary Fig. 14.
S |zgss On the other hand, the pooled analysis of the in-
g § f; 2E. .. .. . segment binary restenosis reported by eight studies
— (n=15,841 patients) favored the DES group over the
- g é g R DCB group (OR 1.66, 95% CI [1.03 to 2.68], p=0.04; the
3|8 é £3 pooled studies were heterogenous (p=0.05; 1> =49.92%),
g £ES “§ as shown in Supplementary Fig. 15. However, when we
§ § % 2 performed a sensitivity analysis upon excluding Liistro
£ e et al,, the pooled analysis did not show any significant
‘g E g difference between the two interventions (OR 1.49, 95%
- R CI [0.95 to 2.33], p=0.08), as shown in Supplementary
585 Fig. 16.
e Discussion
5§ |£%3 Our study systematically retrieved all studies com-
IR g %-g paring DCB intervention to DES intervention for the
T |ggesl. .. L. .. management of patients with small CAD including 20
- trials entered the quantitative analysis comprising 18,469
2 g patients. Our pooled analysis did not favor DCB, when
g § - é 3 compared to DES, regarding MACE, and further sub-
g 5 § g g g g 8 © group analyses based on the type of study, language, and
<EZT 886 ¥8 8 3 the indication of the interventions, yet, did not favor
z DCB over DES. Moreover, there was no significant dif-
§ % . ference in terms of all-cause death, cardiac death, MI,
%Eié 835 S8 &z § TLR, stent thrombosis, or TVR between the two studied
aE IS 8% 8 0B groups. In terms of in-segment binary restenosis, DCB
. gg had higher odds, however; when excluding Liistro et al.
832 T390 3o o o 2013, the pooled analysis showed non-inferiority with
o no superiority of DES over the DCB. As to angiographic
g s % &; ‘:S % % Lg % outcomes, our pooled analysis favored DCB intervention
2 522 |22z 292 ¢ ¢ compared to DES according to MLD and NLG. Regard-
ks ég_ Ei ggg gg g ¢ ing LLL, the pooled analysis did not favor DCB or DES,
-(% 28 % § é C;% § § g%j E however; when excluding Liistro et al. 2013, the pooled
c 5 ene 58 & @ analysis favored DCB.
4 g Sesoss s s PCI, for small CAD, is still challenging due to the
kS 5 £ % %6 5 £ increased risk of technical complications, acute vessel
@ ‘:5 3 - s E - g < closure, and the necessity for multiple revasculariza-
ﬁ i < ;: % 2 s g 7 § 5 E tion procedures [28, 29]. DES is still the standard treat-
Ol g - ment approach for PCI [30]. However, DES implantation
~N 32 e o 8 g - can cause damage to the arterial wall, triggering a cas-
=B T |3 Red §&8 £ 3 cade of cellular proliferation and migration that leads
slsla |& sz &R & & to neointimal hyperplasia [31]. In contrast, DCB can



Abdelaziz et al. BMC Cardiovascular Disorders (2025) 25:339 Page 13 of 18

DCB DES Odds ratio Weight

Study Event Total Event Total with 95% CI (%)

Chae 2017 9 90 7 90 — 1.29[0.46, 3.60] 5.06
Cortese 2010 10 28 4 29 ——®—— 259[0.73, 9.22] 3.32
Cortese 2020 6 108 8 106 —— 0.74[0.25, 2.19] 4.50
Jeger 2018 28 382 28 376 —- 0.98[0.57, 1.69] 18.21
Latib 2012 9 90 15 92 —— 0.61[0.26, 1.47] 6.99
Liistro 2013 17 59 4 66 —®—475[1.51, 1493] 4.10

0.38[0.07, 2.00] 1.93

Zurakowski 2015 7 102 7 100 0.98[0.33, 2.90] 4.57

Sinaga 2016 20 172 19 163 | 1.00[0.51, 1.94] 12.19
Tan 2021 10 56 35 212 1.08[0.50, 2.32] 9.24
Tang 2018 11 116 11 114 0.98[0.41, 2.36] 7.01
Tasi 2022 5 47 7 59 ‘ 0.90[0.27, 3.01] 3.67
Yu 2021 2 8 5 79 =

|

\

— =

Sim 2018 6 87 16 200 0.86[0.33, 2.28] 5.69
Giannini 2017 1 90 14 91 0.79[0.34, 1.84] 7.57
Tang 2019 3 33 7 32 0.42[0.10, 1.75] 2.60
Zhou 2020 4 46 8 46 — ] 0.50[0.14, 1.78] 3.34
Overall & 0.97[0.77, 1.22]

Heterogeneity: 12 = 0.00, 1> = 0.00%, H? = 1.00
Test of 8, = 6;: Q(15) = 15.29, p = 0.43
Testof 6=0:z=-0.27,p =0.78

T T

0125 05 2 8

Random-effects REML model Favors DCB Favors DES
Fig. 3 Forest plot of MACE
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administer antiproliferative drugs directly into the ves-
sel wall without the need for metal struts, which can
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Fig. 6 A trial sequential analysis (TSA) for 16 studies assessing the incidence of MACE of which the cumulative Z-line on the curve did not cross either
the conventional boundaries of benefit nor the trial sequential monitoring boundaries for any interventions, suggesting that DCB is not-inferior to DES,
and further large volume RCTs should be carried out to validate our results. A diversity-adjusted required information size of 5,478 patients was calcu-
lated using an alpha error of 0.05, a beta error of 0.20 (power 80%), and a control event proportion of 9.9%, as calculated from the control group in this

meta-analysis

inhibit endothelial proliferation and adverse remodel-
ing [32]. Therefore, theoretically, DCB implantation is a
more effective treatment option for small-vessel coronary
artery lesions compared to DES.

The current disease guidelines and consensus do not
offer an optimal treatment selection for patients with
de novo CAD. One potential solution is the use of DCB,
which has shown promising outcomes. However, it has
certain drawbacks such as a shorter balloon inflation
time and concerns about its impact on blood flow, which
raises questions about whether it delivers enough medi-
cation to the vessel wall and if it can sustain drug concen-
tration at levels comparable to those achieved with DES
[33]. Furthermore, there are cases where bailout stenting
is necessary, which is an important strategy in situations
where angiography results are suboptimal, significant
dissection occurs, or there is acute elastic recoil follow-
ing DCB treatment, which in turn makes it difficult to
directly compare the effectiveness of DCB versus DES.
Several studies [9, 34]— [37] have recently used meta-ana-
lytic techniques to compare the safety and effectiveness
of DCB versus DES for treating de novo lesions in small-
vessel coronary disease.

One such meta-analysis by Li et al., [9] found that DCB
was not inferior to DES and produced positive outcomes
in terms of non-fatal MI, while being comparable to DES

in terms of TLR. Therefore, it is suggested that DCB can
be a recommended treatment strategy for patients with
de novo small-vessel coronary artery disease. How-
ever, their results were in line with our results regarding
TLR, but not for MJ; also, they had numerous falls as (1)
assessment of non-fetal MI, not all MI; this could be a
source of bias due to the higher incidence of fetal MI in
DCB compared to DES, (2) their included studies used
different device types or generations that could impact
the overall results, (3) the follow-up reported in their
studies were short.

Another meta-analysis by Megaly et al., [38] found that
DCB decreased LLL compared to DES and a comparable
risk of MACE, death, TLR, and TVR in both interven-
tions. Their results were in line with our results regard-
ing LLL, and other clinical outcomes. Moreover, another
meta-analysis by Abdelaziz et al., [39] found that DCB
was not inferior to DES in terms of clinical and angio-
graphic outcomes in patients with AMI, highlighting the
necessity of DCB as an alternative feasibility strategy in
AMI patients.

Morever, when Li et al.,, [35] compared DCB to DES in
patients with DM and small vessel CAD, they found that
DCB did not show superiority compared to DES in terms
of MLD and NLG. Moreover, DCB had a lower prob-
ability of MACE, LLL, and binary restenosis. Additional
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DCB DES Mean diff. Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Chae 2017 90 1.93 .59 90 234 .47 - -0.41[-0.57, -0.25] 7.00
Cortese 2010 28 111 65 29 194 72 —— -0.83[-1.19, -0.47] 4.92
Cortese 2020 108 1.74 .46 106 1.79 .48 -l -0.05[-0.18, 0.08] 7.25
Latib 2012 90 142 4 92 152 - -0.10[-0.23, 0.03] 7.20
Liistro 2013 59 177 1 66 241 .7 —il— -0.64[-0.94, -0.34] 5.51
Nishiyama 2016 27 212 .42 33 232 .52 —— -0.20[-0.44, 0.04] 6.12
Shin 2015 44 191 57 22 223 .66 —i -0.32[-0.63, -0.01] 5.43
Tan 2021 56 226 .23 212 221 .37 B 0.05[-0.05, 0.15] 7.42
Tang 2018 116 1.4 .42 114 171 .39 . 3 -0.31[-0.41, -0.21] 7.40
Yu 2021 84 202 62 79 249 .76 —— -0.47[-0.68, -0.26] 6.44
Zurakowski 2015 102 1.8 .6 100 1.81 .6 —!— -0.01[-0.18, 0.16] 6.91
Giannini 2017 90 1.43 .33 91 1.46 .56 . = -0.03[-0.16, 0.10] 7.18
Tang 2019 33 148 .32 32 162 .53 —- -0.14[-0.35, 0.07] 6.45
Zheng 2020 57 149 29 53 136 .27 . 3 0.13[ 0.03, 0.23] 7.40
Zhou 2020 46 178 2 46 166 .31 : 3 0.12[ 0.01, 0.23] 7.39
Overall <@ -0.19 [ -0.32, -0.06]
Heterogeneity: T2 = 0.06, |2 = 90.96%, H? = 11.07
Test of 6, = 6: Q(14) = 119.15, p < 0.001
Testof 6 =0:z =-2.82, p < 0.001

4 -5 0 5

Random-effects REML model

Favors DCB  Favors DES

Fig. 7 Forest plot of MLD

analysis indicated that DCB resulted in fewer MI, TLR,
and TVR occurrences than DES, while having a death
rate comparable to DES. However, their results are in line
with our results regarding LLL, we did not find a signifi-
cant difference in terms of MACE, MI, TLR, and TVR,
and on the other hand; we found DCB had higher odds,
when compared to DES. Some limitations of their study
should be addressed, such as the short follow-up periods
reported in their included studies, the limited number
of studies in each outcome reported, and the significant
heterogeneity found in some reported outcomes, which
was not solved via a sensitivity analysis restricting to the
limited included studies.

Additionally, in align with our results, a recent net-
work meta-analysis addressing the efficacy of endovas-
cular approaches as DCB and DES in peripheral artery
diseases as femoropopliteal (FP) and infrapopliteal (IP)
lesions including 33 RCTs with a total of 5745 patients,
found that in FP lesions, DCBs and DESs had compara-
ble MAEs. However, in IP lesions, DESs had significantly

lower rates of MAEs highlighting the beneficial effect of
DES in IP lesions [40].

Our study, to the best of our knowledge, is the most
comprehensive meta-analysis addressing the safety and
effectiveness of DCB in patients with small CAD as it
included 24 studies; also, it had many stratifications and
sub-group analyses that previous meta-analyses had
missed due to the limited amount of papers included:
(1) we stratified the incidence of MACE according to the
indication of intervention used, the type of study, either
RCT and observational, and the language of the included
studies, (2) the statistical power of our meta-analysis is
substantially higher, leading to more reliable results, (3)
the inclusion of 11 outcomes allowed comprehensive
evaluation of the therapeutic efficacy and safety of DCB
for small-vessel CAD, (4) we conducted a TSA analysis,
so that we can assess if the evidence is conclusive.

There are some limitations to be addressed in our
study. Firstly, the included studies in terms of MACE and
small vessels definition have high statistical heterogeneity
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DCB DES Mean diff. Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Cortese 2020 108 .84 .19 106 .96 .23 [ | -0.12[-0.18, -0.06] 13.57
Latib 2012 90 81 .39 92 9 .49 -."- -0.09[-0.22, 0.04] 12.97
Shin 2015 44 88 .61 22 128 .72 —— -0.40[-0.73, -0.07] 9.91
Sinaga 2016 172 1 53 163 1.71 .48 = B -0.71[-0.82, -0.60] 13.18
Tang 2018 116 .77 .45 114 1.08 .42 = 3 -0.31[-0.42, -0.20] 13.14
Giannini2017 90 .81 .37 91 .86 .57 —.— -0.05[-0.19, 0.09] 12.84
Tang 2019 33 84 36 32 1.08 .53 —— -0.24[-0.46, -0.02] 11.74
Zhou 2020 46 109 4 46 85 .37 —- 0.24[ 0.08, 0.40] 12.63
Overall N o -0.21 [ -0.40, -0.01]
Heterogeneity: T2 = 0.07, 1?2 = 95.11%, H? = 20.45
Test of 6, = 6;: Q(7) = 134.98, p < 0.001
Testof 6 =0:z=-2.04, p=0.04

-1 -5 0 5

Random-effects REML model

Favors DCB Favors DES

Fig. 8 Forest plot of NLG

which could lead to some biases in the pooled estimates,
however, sensitivity analyses were performed to test the
robustness of the results. Secondly, the study was unable
to compare the effectiveness of different types of DCB
or DES as there was limited data available, so this study
could be a hypothesis-generating study on some insights
on the difference between DCB and DES. Third, bailout
stenting with BMS in the DCB may make it difficult to
directly compare the effectiveness of DCB versus DES.
Fourth, the sequence of devices (DEB first or BMS first)
could have contributed to heterogeneity. Lastly, the crite-
ria for defining small vessels and the length of follow-up
varied between the included studies.

Impact on daily practice

Interventional approaches for the management of small
CAD, yet, not well established in the clinical practice,
here we conducted a systematic review and meta-anal-
ysis assessing the efficacy and safety of DCB compared
to DES in the setting of small CAD. Our study showed
that DCB intervention, when compared to DES setting,
showed non-inferiority according to clinical outcomes
assessed as MACE, all-cause death, cardiac death, MI,
TLR, TVR, and stent thrombosis; however, it showed
superiority in angiographic outcomes as MLD and NLG.
While there was no significant difference in terms of LLL,
after sensitivity analysis, DCB was superior to DES. On
the other hand, DCB was associated with higher odds
regarding in-segment binary restenosis, and by perform-
ing a sensitivity analysis, DCB was not-inferior to DES.

So, DCB intervention is a safe and feasible intervention
to treat small coronary artery disease in patients under-
going PCI. This study can be a guide of using DCB as a
primary intervention in patients with de novo small CAD
undergoing PCI regards to its safety profile and feasibility
approach.

Conclusion

In conclusion, the present meta-analysis suggested that,
in terms of clinical outcomes, DCB is comparable to DES
in the therapeutic efficacy and safety of de novo small
CAD. However, regarding angiographic outcomes, DCB
showed favorable results in terms of MLD, NLG out-
comes, and LLL but after a sensitivity analysis model.
Hence, DCB should be validated as an alternative treat-
ment of choice for patients presented with small CAD
with respect to the characteristics of the patients, and the
complexity of the lesions. Large-volume RCTs with long-
term follow-up durations are necessary to gain a more
comprehensive clue understanding of the safety and effi-
cacy of DCB in the treatment of small vessel CAD.

Abbreviations

DCB Drug-coated balloons

DES Drug-eluting stents

CAD Coronary artery disease

pCl Percutaneous coronary intervention
PRISMA  Systematic Reviews and Meta-analysis
TSA Trial sequential analysis

OR Odds ratio

NA Not Assigned



Abdelaziz et al. BMC Cardiovascular Disorders (2025) 25:339

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512872-024-04426-5.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Nothing to declare.

Author contributions

Ahmed Abdelaziz: Conceptualization, Supervision, data collection revision,
statistical analysis, writing — original draft and editing. Hanaa Elsayed:
screening, data collection, original draft writing Karim Atta: Full-text screening,
data collection, data validation, TSA analysis. Muhammad Desouky: data
validation, data revision, Final version, Mahmoud Gomaa: data collection,
writing — revision, Manuscript revision. Hallas Kadhim: data collection,

quality assessment. Ahmed Mechi: data collection, data validation, Final
version, TSA analysis. Mohamed Abdelaziz: screening, data collection,

revision of data collection, quality assessment. Mahmoud Ezzat: screening,
data collection, data revision for analysis. Manar Alaa Mabrouk: quality
assessment, data collection, writing — revision, TSA analysis. Mohamed Hatem
Elabban: summary and characteristics, quality assessment, writing — revision.
Emad Addin Zawaneh: summary and characteristics, quality assessment,
writing — revision. Abdelrahman Hafez: summary and characteristics, quality
assessment, writing — revision. Mohamed Yasser Elnaggar: quality assessment,
manuscript drafting and writing.Ahmed O. Sena: writing — original draft, data
revision, Manuscript revision. Ahmed Bahnasy: summary and characteristics,
writing — revision, TSA analysis. Emad Singer: writing — revision, data revision,
Manuscript revision, supervision.

Funding
No funding was received for conducting this study.

Data availability
The data underlying this article are available in the article and in its online
supplementary material.

Declarations

Ethical approval
Not applicable.

Research involving human participants and/or animals
Not applicable.

Informed consent
Not applicable.

Consent for publication
Not applicable.

Financial interests
The authors declare they have no financial interests.

Competing interests
The authors declare no competing interests.

Author details

'Faculty of Medicine, Al-Azhar University, Cairo, Egypt

“Medical Research Group of Egypt (MRGE), Cairo, Egypt

*Faculty of Medicine, Zagazig University, Zagazig, Egypt

4Institute of Medicine, National Research Mordovia State University,
Saransk, Russia

5The Brooklyn Hospital Center, Brooklyn, NY, USA

SFaculty of Medicine Kafrelsheikh University, Kafrelsheikh, Egypt

’Al Muthanna University College of Medicine, Samawah, Iraq
8Internal Medicine Department, Medicine College, University of Kufa,
Najaf, Iraq

Page 17 of 18

“Faculty of Medicine, Menoufia University, Menoufia, Egypt

"%Faculty of Medicine, Fayoum University, Fayoum, Egypt

Faculty of Medicine, Jordan University of Science and Technology, Ar-
Ramtha, Jordan

2Faculty of Medicine, Mansoura University, Mansoura, Egypt
BDepartment of Cardiovascular Medicine, Cairo University Hospitals,
Cairo, Egypt

"“Hematology and Oncology Department, Mayo Clinic, Scottsdale, AZ,
USA

">University of Texas MD Anderson, Houston, TX, USA

Received: 19 September 2024 / Accepted: 16 December 2024
Published online: 30 April 2025

References

1. Neumann F-J, Sousa-Uva M. Ten commandments'for the 2018 ESC/EACTS
Guidelines on Myocardial Revascularization. Eur Heart J. 2019 Jan;40(2):79-80.
https://doi.org/10.1093/eurheartj/ehy855

2. JegerRV, et al. Drug-coated balloons for coronary artery disease. JACC
Cardiovasc Interv. Jun. 2020;13(12):1391-402. https://doi.org/10.1016/j,cin.20
20.02.043.

3. Piraino D, Buccheri D, Cortese B. Paclitaxel-coated balloon exerts late vessel
healing and enlargement: a documented phenomenon with optical coher-
ence tomography analysis. Int J Cardiol. Jan. 2016;203:551-2. https://doi.org/
10.1016/j.jcard.2015.10.165.

4. Kleber FX, et al. Local paclitaxel induces late lumen enlargement in coronary
arteries after balloon angioplasty. Clin Res Cardiol. Mar. 2015;104(3):217-25. h
ttps://doi.org/10.1007/500392-014-0775-2.

5. Latib Aetal. ARandomized Multicenter Study Comparing a Paclitaxel Drug-
Eluting Balloon With a Paclitaxel-Eluting Stent in Small Coronary Vessels. J
Am Coll Cardiol. 2012 Dec;60(24):2473-80. https://doi.org/10.1016/jjacc.2012
.09.020

6. JegerRV, et al. Drug-coated balloons for small coronary artery disease
(BASKET-SMALL 2): an open-label randomised non-inferiority trial. Lancet.
Sep. 2018;392(10150):849-56. https://doi.org/10.1016/50140-6736(18)3171
9-7.

7. TangY,Qiao S, Su X, Wang Y, Xu B, Ge J. Drug-coated balloon versus
drug-eluting stent for small-vessel disease. JACC Cardiovasc Interv.
2018;11(23):2381-2392. https://doi.org/10.1016/},jcin.2018.09.009

8. YuX ZhangY, XuF TangY,HuS, Chen Y. Treatment of large de novo coronary
lesions with paclitaxel-coated balloon only: results from a Chinese institute.
Clin Res Cardiol. 2019;108(3):234-243. https://doi.org/10.1007/500392-018-13
46-8

9. LiM, Guo C, LvY-H, Zhang M-B, Wang Z-L. Drug-coated balloon versus
drug-eluting stent in de novo small coronary vessel disease. Medicine. May
2019;98(21):e15622-15622. https://doi.org/10.1097/MD.0000000000015622.

10. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:b2700. https://doi.org/10.1136/bmj.b2700

11.  Cortese B, Banach M, Capodanno D, Alberico L, Valgimigli M, Buccheri S, et
al. Drug-coated balloon versus drug-eluting stent for small coronary vessel
disease. JACC Cardiovasc Interv. 2020;13(24):2840-2849. https://doi.org/10.10
16/}jcin.2020.08.035

12. Venetsanos D, et al. Long-term efficacy of drug coated balloons compared
with new generation drug-eluting stents for the treatment of de novo coro-
nary artery lesions. Catheter Cardiovasc Interv. Nov. 2018;92(5):E317-26. https
://doi.org/10.1002/ccd.27548.

13. Tsai C-H, et al. Comparison between drug-coated balloons and drug-
eluting stents in very small coronary artery interventions. Sci Rep. Jun.
2022;12(1):10679. https://doi.org/10.1038/541598-022-14047-7.

14. Tan Q,Wang Q, Yang H, Jing Z, Ming C. Clinical outcomes of drug-eluting bal-
loon for treatment of small coronary artery in patients with acute myocardial
infarction. Intern Emerg Med. 2021;16(4):913-918. https://doi.org/10.1007/s11
739-020-02530-w

15. Sinaga DA et al. Oct,, Drug-Coated Balloons: A Safe and Effective Alterna-
tive to Drug-Eluting Stents in Small Vessel Coronary Artery Disease, J Interv
Cardiol, vol. 29, no. 5, pp. 454-460, 2016, https://doi.org/10.1111/joic.12333


https://doi.org/10.1186/s12872-024-04426-5
https://doi.org/10.1186/s12872-024-04426-5
https://doi.org/10.1093/eurheartj/ehy855
https://doi.org/10.1093/eurheartj/ehy855
https://doi.org/10.1016/j.jcin.2020.02.043
https://doi.org/10.1016/j.jcin.2020.02.043
https://doi.org/10.1016/j.ijcard.2015.10.165
https://doi.org/10.1016/j.ijcard.2015.10.165
https://doi.org/10.1007/s00392-014-0775-2
https://doi.org/10.1007/s00392-014-0775-2
https://doi.org/10.1016/j.jacc.2012.09.020
https://doi.org/10.1016/j.jacc.2012.09.020
https://doi.org/10.1016/S0140-6736(18)31719-7
https://doi.org/10.1016/S0140-6736(18)31719-7
https://doi.org/10.1016/j.jcin.2018.09.009
https://doi.org/10.1007/s00392-018-1346-8
https://doi.org/10.1007/s00392-018-1346-8
https://doi.org/10.1097/MD.0000000000015622
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/j.jcin.2020.08.035
https://doi.org/10.1016/j.jcin.2020.08.035
https://doi.org/10.1002/ccd.27548
https://doi.org/10.1002/ccd.27548
https://doi.org/10.1038/s41598-022-14047-7
https://doi.org/10.1007/s11739-020-02530-w
https://doi.org/10.1007/s11739-020-02530-w
https://doi.org/10.1111/joic.12333

Abdelaziz et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24,

25,

26.

27.

28.

(2025) 25:339

Silverio A, et al. Percutaneous Treatment and outcomes of small coronary ves-
sels. JACC Cardiovasc Interv. Apr. 2020;13(7):793-804. https://doi.org/10.1016
/}jcin2019.10.062.

Shin E-S, Ann SH, Balbir Singh G, Lim KH, Kleber FX, Koo B-K. Fractional flow
reserve-guided paclitaxel-coated balloon treatment for de novo coronary
lesions. Catheter Cardiovasc Interv. Aug. 2016;88(2):193-200. https://doi.org/
10.1002/ccd.26257.

Zurakowski A, Twardowski R, Chmielak Z, Pyda M, Ktopotowski M, Piasecki

R, et al. Stenting and adjunctive delivery of paclitaxel via balloon coating
versus durable polymeric matrix for de novo coronary lesions: clinical and
angiographic results from the prospective randomized trial. J Interv Cardiol.
2015,28(4):348-357. https://doi.org/10.1111/joic.12210

Yu X, Zhang Y, Tang Y, Hu S, Chen Y. A non-inferiority, randomized clinical trial
comparing paclitaxel-coated balloon versus new-generation drug-eluting
stents on angiographic outcomes for coronary de novo lesions. Cardiovasc
Drugs Ther. 2022;36(4):655-664. https://doi.org/10.1007/510557-021-07172-4
Tian J, Chen L, Han Y, Liu J, Xu K, Ge J, et al. Two-year follow-up of a random-
ized multicenter study comparing a drug-coated balloon with a drug-eluting
stent in native small coronary vessels: The RESTORE Small Vessel Disease
China trial. Catheter Cardiovasc Interv. 2020;,95(51):587-597. https://doi.org/1
0.1002/ccd.28705

Nishiyama N, et al. Clinical value of drug-coated balloon angioplasty for

de novo lesions in patients with coronary artery disease. Int J Cardiol. Nov.
2016;222:113-8. https://doi.org/10.1016/j.ijcard.2016.07.156.

Naganuma T, Takagi K, Yokoi T, Miyazaki S, Kaneda T, Tanaka S, et al. A 2-year
follow-up of a randomized multicenter study comparing a paclitaxel drug-
eluting balloon with a paclitaxel-eluting stent in small coronary vessels: the
BELLO study. Int J Cardiol. 2015;184:17-21. https://doi.org/10.1016/j.ijcard.201
5.01.080

Liistro F, Colombo A, Angiolillo DJ, Feres F, Tomassini G, Mauri L, et al. Elutax
paclitaxel-eluting balloon followed by bare-metal stent compared with
Xience V drug-eluting stent in the treatment of de novo coronary stenosis: a
randomized trial. Am Heart J. 2013;166(5):920-926. https://doi.org/10.1016/j.a
hj.2013.08.023

Latib A, Columbo A, Mollo F, Pellegrini C, Liistro F, Mauri L, et al. 3-Year follow-
up of the Balloon Elution and Late Loss Optimization Study (BELLO). JACC
Cardiovasc Interv. 2015;8(8):1132-1134. https://doi.org/10.1016/},jcin.2015.04.
008

Jeger RV, Kalesan B, Steg PG, Sibbing D, Lipinski MJ, Windecker S, et al. Long-
term efficacy and safety of drug-coated balloons versus drug-eluting stents
for small coronary artery disease (BASKET-SMALL 2): 3-year follow-up of a
randomised, non-inferiority trial. Lancet. 2020;396(10261):1504-1510. https://
doi.org/10.1016/S0140-6736(20)32173-5

Cortese B, Colombo A, Valenti R, Fedele F, Costa F, Chieffo A, et al. Paclitaxel-
coated balloon versus drug-eluting stent during PCl of small coronary
vessels, a prospective randomised clinical trial. The PICCOLETO Study. Heart.
2010;96(16):1291-1296. https://doi.org/10.1136/hrt.2010.195057

Chae I-H, et al. Comparison of drug-eluting balloon followed by Bare Metal
Stent with Drug-Eluting Stent for Treatment of De Novo lesions: Randomized,
controlled, single-Center Clinical Trial. J Korean Med Sci. 2017;32(6):933. https:
//doi.org/10.3346/jkms.2017.32.6.933.

Godino C, Gargiulo G, Colombo A, Rodriguez AE, Chieffo A, Bonizzoni E,

et al. Clinical and angiographic follow-up of small vessel lesions treated

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 18 of 18

with paclitaxel-eluting stents (from the TRUE Registry). Am J Cardiol.
2008;102(8):1002-1008. https://doi.org/10.1016/j.amjcard.2008.05.052
Palmerini T, Collet JP, Benedetto S, Gilard M, Biondi-Zoccai G, Vranckx P, et al.
Long-term safety of drug-eluting and bare-metal stents. J Am Coll Cardiol.
2015;65(23):2496-2507. https;//doi.org/10.1136/heartjnl-2013-304933.
Palmerini T, Benedetto U, Bacchi-Reggiani L, Della Riva D, Biondi-Zoccai G,
Feres F, et al. Long-term safety of drug-eluting and bare-metal stents. J Am
Coll Cardiol. 2015;65(23):2496-507. https://doi.org/10.1016/jjacc.2015.04.017
Lawton JS, et al. 2021 ACC/AHA/SCAI Guideline for Coronary Artery
revascularization: executive summary: a report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice
guidelines. Circulation. Jan. 2022;145(3). https://doi.org/10.1161/CIR.0000000
000001039.

Kleber FX, Vaina S, Véller H, Wéhrle J, Chevalier B, Silber S, et al. Drug-coated
balloons for treatment of coronary artery disease: updated recommenda-
tions from a consensus group. Clin Res Cardiol. 2013;102(11):785-797. https.//
doi.org/10.1007/500392-013-0609-7

Schorn |, et al. The L utonix ® drug-coated balloon: A novel drug delivery
technology for the treatment of vascular disease. Adv Drug Deliv Rev. Mar.
2017;112:78-87. https://doi.org/10.1016/j.addr.2017.05.015.

Elgendy 1Y, et al. Clinical and angiographic outcomes with drug-coated bal-
loons for De Novo Coronary lesions: a Meta-Analysis of Randomized clinical
trials. J Am Heart Assoc. May 2020,9(10). https://doi.org/10.1161/JAHA.120.01
6224.

Li K, Cui K, Dan X, Feng J, Pu X. The comparative short-term efficacy and
safety of drug-coated balloon vs. drug-eluting stent for treating small-

vessel coronary artery lesions in diabetic patients. Front Public Health.
2022;10:1036766. https://doi.org/10.3389/fpubh.2022.1036766

Sanz Sénchez J, et al. Drug-coated balloons vs drug-eluting stents for the
treatment of small coronary artery disease: a meta-analysis of randomized
trials. Catheter Cardiovasc Interv. 2021;98(1):66-75. https://doi.org/10.1002/cc
d29111.

Wu X, Li L, He L. Drug-coated balloon versus drug-eluting stent in patients
with small-vessel coronary artery disease: a meta-analysis of randomized
controlled trials. Cardiol Res Pract. 2021;1-7. https://doi.org/10.1155/2021/16
47635

Megaly M, et al. Outcomes with drug-coated balloons vs. drug-eluting stents
in small-vessel coronary artery disease. Cardiovasc Revascularization Med.
Feb. 2022;35:76-82. https://doi.org/10.1016/j.carrev.2021.03.008.

Abdelaziz A, Hafez A, Atta K, Elsayed H, Abdelaziz M, Elaraby A, et al.
Drug-coated balloons versus drug-eluting stents in patients with acute
myocardial infarction undergoing percutaneous coronary intervention: an
updated meta-analysis with trial sequential analysis. BMC Cardiovasc Disord.
2023;23(1):605. https://doi.org/10.1186/512872-023-03633-w.

Lukacs RA, Weisshaar LI, Tornyos D, Komocsi A. Comparing Endovascular
approaches in Lower Extremity Artery Disease: insights from a Network Meta-
Analysis. J Clin Med. 2024;13(4):1024. https://doi.org/10.3390/jcm13041024.
PMID: 38398337; PMCID: PMC10889479.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.jcin.2019.10.062
https://doi.org/10.1016/j.jcin.2019.10.062
https://doi.org/10.1002/ccd.26257
https://doi.org/10.1002/ccd.26257
https://doi.org/10.1111/joic.12210
https://doi.org/10.1007/s10557-021-07172-4
https://doi.org/10.1002/ccd.28705
https://doi.org/10.1002/ccd.28705
https://doi.org/10.1016/j.ijcard.2016.07.156
https://doi.org/10.1016/j.ijcard.2015.01.080
https://doi.org/10.1016/j.ijcard.2015.01.080
https://doi.org/10.1016/j.ahj.2013.08.023
https://doi.org/10.1016/j.ahj.2013.08.023
https://doi.org/10.1016/j.jcin.2015.04.008
https://doi.org/10.1016/j.jcin.2015.04.008
https://doi.org/10.1016/S0140-6736(20)32173-5
https://doi.org/10.1016/S0140-6736(20)32173-5
https://doi.org/10.1136/hrt.2010.195057
https://doi.org/10.3346/jkms.2017.32.6.933
https://doi.org/10.3346/jkms.2017.32.6.933
https://doi.org/10.1016/j.amjcard.2008.05.052
https://doi.org/10.1136/heartjnl-2013-304933
https://doi.org/10.1016/j.jacc.2015.04.017
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.1161/CIR.0000000000001039
https://doi.org/10.1007/s00392-013-0609-7
https://doi.org/10.1007/s00392-013-0609-7
https://doi.org/10.1016/j.addr.2017.05.015
https://doi.org/10.1161/JAHA.120.016224
https://doi.org/10.1161/JAHA.120.016224
https://doi.org/10.3389/fpubh.2022.1036766
https://doi.org/10.1002/ccd.29111
https://doi.org/10.1002/ccd.29111
https://doi.org/10.1155/2021/1647635
https://doi.org/10.1155/2021/1647635
https://doi.org/10.1016/j.carrev.2021.03.008
https://doi.org/10.1186/s12872-023-03633-w
https://doi.org/10.3390/jcm13041024

	﻿Drug-coated balloons versus drug-eluting stents in patients with small coronary artery disease: an updated meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Eligibility criteria
	﻿Primary and secondary outcomes
	﻿Literature search and screening
	﻿Data extraction
	﻿Synthesis of results
	﻿Assessment of heterogeneity
	﻿Quality assessment

	﻿Results
	﻿Literature search
	﻿Characteristics of included studies
	﻿Risk of bias assessment
	﻿Clinical outcomes
	﻿MACE
	﻿Secondary clinical outcomes


	﻿Angiographic outcomes
	﻿Discussion
	﻿Impact on daily practice

	﻿Conclusion
	﻿References


