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Summary
Background Drug coated balloon (DCB) only percutaneous coronary intervention (PCI) has an established evidence 
base in small vessel de novo disease, but recent randomised studies have investigated its use across a broader 
spectrum of coronary disease. We systematically reviewed randomised evidence comparing DCB with drug eluting 
stent (DES) PCI for de novo coronary disease.

Methods This systematic review and meta-analysis was conducted in line with the PRISMA statement. PubMed, 
Scopus, and Embase were systematically searched from inception until 30th May 2026 for randomised trials 
comparing DCB with DES PCI for de novo coronary disease. Principal outcomes were cardiovascular death, 
myocardial infarction (MI) and revascularisation. Random-effects models generated odds ratios with 95% 
confidence intervals. Heterogeneity was assessed using I 2 and publication bias by visual inspection of funnel 
plots. Risk of bias was assessed using Cochrane RoB2. This study was prospectively registered with PROSPERO 
(CRD420251167202).

Findings Ten RCTs including 7832 patients were identified. There was no significant difference between DCB and 
DES in cardiovascular death [OR 1.06 (0.75–1.49), p = 0.76, I 2 = 0%] or MI [OR: 1.02 (0.76–1.36), p = 0.91, I 2 = 0%]. 
These findings remained consistent after excluding small-vessel-only trials. Revascularisation did not differ across 
all trials [OR 1.39 (0.88, 2.20), p = 0.16, I 2 = 57%] but was higher with DCB after excluding small-vessel-only trials 
[OR 1.84 (1.06–3.19), p = 0.03, I 2 = 54%]. This finding was sensitive to exclusion of REC-CAGEFREE I. Visual 
inspection of funnel plots did not suggest substantial publication bias.

Interpretation DCB and DES strategies had comparable rates of cardiovascular death and MI across the studied de 
novo coronary populations. The higher revascularisation rates observed after excluding small-vessel-only trials 
requires cautious interpretation given between-study heterogeneity and sensitivity to one trial. Further adequately 
powered RCTs with longer follow-up are required to establish the efficacy of DCB strategies in large vessels and 
more complex coronary lesions.
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Copyright © 2026 Published by Elsevier Ltd. 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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Introduction
Whilst drug coated balloons (DCB) are an established 
and guideline recommended treatment strategy for 
instent restenosis, 1,2 their use for de novo coronary ar-
tery disease remains an active area of investigation. 
There has been a growing body of evidence supporting

their non-inferiority in the role of small vessel de novo 
disease 3–8 with a recent patient level meta-analysis 
showing a reduction in major adverse cardiovascular 
events (MACE) when using a DCB compared to a drug 
eluting stent (DES) in small vessel disease, 9 which is 
expected to influence future interventional guidelines.
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However, until recently, there has been a paucity of 
randomised data on the use of DCB in all-comer de 
novo coronary disease. Whilst registry data has sug-
gested efficacy and safety in a number of clinical set-
tings such as bifurcations, 10 STEMI 11 and multivessel 
disease, 12 and evidence supporting a return to physio-
logical vasomotor function after DCB, 13 large head to 
head trials comparing DCB with DES have been lack-
ing. With the recent publication of two large clinical 
trials, we sought to conduct an up to date meta-analysis 
to investigate the safety and efficacy of DCB compared 
to DES in de novo coronary disease looking at hard 
clinical endpoints.

Methods
Search strategy and selection criteria
Pubmed, Embase, and Scopus were systematically 
searched for studies investigating clinical outcomes 
when using DCB-only versus DES-only PCI to treat de 
novo coronary disease, from inception to 30th May 
2026. The full search strategy is delineated in the 
Supplementary Material (Supplementary Table S1). 
The inclusion criteria were: 1) Randomised controlled 
trials, 2) peer reviewed articles, 3) de novo coronary 
disease, 4) DCB-only versus DES-only, 5) second gen-
eration minimum DES, 6) any vessel size, and 7) 
minimum of 12 months follow-up. The exclusion 
criteria included instent restenosis studies, studies that 
involved a hybrid stategy, and non-randomised study 
design. One study, Basket-Small 2, used predominantly 
2nd generation DES in the comparator arm and was

therefore included in the analysis as the comparator 
arm largely comprised contemporary DES platforms 
and remained consistent with the clinical question.

Data extraction
Search findings were imported for abstract screening 
into Covidence. 14 Duplicates were removed and abstracts 
were screened independently by two researchers (NC 
and RN). Any conflicts were resolved by a third 
researcher (VV). All abstracts meeting the inclusion 
criteria were identified for full text review with data then 
extracted for the included studies by two researchers 
independently (NC and RN). Supplementary Table S2 
outlines the full-text exclusions and reason for exclusion.

Outcomes
Given significant heterogeneity in the trial-level defini-
tion of major adverse cardiovascular events (MACE), 
individual components of cardiovascular death, 
myocardial infarction and target lesion/vessel revascu-
larisation were identified as the principal outcomes of 
interest. For revascularisation outcomes, TLR was 
extracted preferentially. Where TLR was not reported, 
TVR was used as the closest available revascularisation 
endpoint to maximise study inclusion. Given the 
distinction between lesion- and vessel-level revascular-
isation, sensitivity analyses were performed restricted to 
studies reporting TLR. Analyses were undertaken with 
all studies and excluding small vessel-only studies as 
well as ACS-only studies/data. The individual trial def-
initions have been outlined in Supplementary Tables S3 
and S4. Outcomes were analysed using the longest

Research in context

Evidence before this study
We performed a preliminary search of PubMed and the 
Cochrane library from inception to 1st May 2026 for existing 
systematic reviews and meta-analyses exploring the use of 
drug coated balloons or drug eluting stents in de novo 
coronary disease. The search terms ‘drug coated balloons’, 
‘drug-eluting stents’, ‘de novo coronary artery disease’ and 
‘meta-analysis’ were used. Previous evidence included a 
patient-level meta-analysis showing a significant reduction in 
major adverse cardiovascular events in patients with small 
vessel coronary disease and a meta-analysis evaluating DCB 
versus DES across a broader range of vessel sizes. However, 
the latter preceded publication of SELUTION De Novo trial. 
Therefore, the contemporary randomised evidence 
comparing DCB and DES strategies across the broader 
spectrum of de novo coronary artery disease had not yet 
been comprehensively synthesised.

Added value of this study
This study incorporates the most recently published 
randomised controlled trials comparing DCB to DES for de

novo disease and adds an important analysis excluding small 
vessel-only studies looking at cardiovascular death, 
myocardial infarction (MI) and target lesion/vessel 
revascularisation. Importantly, it shows no difference in 
cardiovascular death or MI, even when excluding small 
vessel-only studies. There is however a significant increase in 
TLR with DCB when excluding small vessel-only studies. It is 
also a comprehensive meta-analysis on the topic, including 
over 7000 patients and 10 RCTs.

Implications of all the available evidence
Available randomised evidence suggests comparable rates of 
cardiovascular death and myocardial infarction with DCB and 
DES strategies for de novo coronary artery disease, including 
in studies not restricted to small vessels. However, 
uncertainty remains about repeat revascularisation, 
particularly in larger vessels, and differences between DCB 
platforms mean that a class effect should not be assumed. 
Further adequately powered randomised trials with longer-
term follow-up are needed to establish the efficacy of DCB 
strategies in larger vessels and complex coronary lesions.
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available reported follow-up for each study. Follow-up 
ranged from 12 to 60 months across the included tri-
als (Supplementary Table S3).
For the purpose of this review, the intervention was 

defined as DCB or DES. Bailout stenting was permitted 
according to the protocol of the individual studies and 
was included within the DCB arm, as part of an 
intention-to-treat primary analysis.

Statistical analysis
Quantitative synthesis of the included studies was un-
dertaken using Review Manager (Version 5.3 Copen-
hagen: The Cochrane Collaboration). Analyses were 
based on trial level event counts, with treatment effects 
expressed as odds ratios (OR) with 95% confidence in-
tervals CIs). OR rather than time-to-event estimates 
were used because hazard ratios were not consistently 
reported across the included studies. Random effects 
models with inverse variance weightings were selected 
for use a priori because clinical and methodological 
heterogeneity between trials were anticipated, including 
differences in patient populations, lesion characteris-
tics, DCB platforms and follow-up duration. Statistical 
significance was set at p < 0.05.
Between trial heterogeneity was examined using I 2 

statistics with significant heterogeneity determined at 
>50%. Publication bias was assessed qualitatively by vi-
sual inspection of inverted funnel plot asymmetry. 
Formal statistical testing funnel plot asymmetry was not 
performed given the limited number of included studies.
The primary analyses (cardiovascular death, 

myocardial infarction, revascularisation, and target 
lesion thrombosis), analyses excluding small-vessel-
only studies and ACS subgroup analyses were pre-
specified. Several additional post-hoc analyses were 
undertaken during peer review to assess robustness of 
the findings and explore potential sources of heteroge-
neity. These comprised leave-one-out sensitivity ana-
lyses for individual studies and endpoints, including 
assessment of the influence of the DCB platform and 
drug; sensitivity analyses restricted to studies reporting 
TLR rather than target vessel revascularisation; sensi-
tivity analyses excluding studies with some concern on 
RoB2 assessment; subgroup analyses comparing 
studies restricted to small-vessel-only disease with those 
enrolling non-small-vessel-only disease, with formal 
testing for subgroup interaction; and sensitivity analysis 
for revascularisation outcomes according to follow-up 
duration (12 months versus ≥24 months).

Bias assessment
The Cochrane Risk of Bias assessment tool (RoB 2) 15 was 
used to identify quality of included papers for the RCTs, 
covering five domains: 1) the randomisation process, 2) 
deviations from the intended interventions, 3) missing 
outcome data, 4) measurement of the outcome, and 5) 
selection of the reported result. The reliability of results

for each outcome was assessed using the GRADE sys-
tem 16 (Supplementary Table S5). This was screened 
independently by two researchers (NC and RN). Any 
conflicts were reviewed by a third researcher (VV).

Ethics
Ethical approval was not required for this systematic 
review and meta-analysis because the study used only 
aggregate data from previously published studies and 
involved no new collection of individual participant 
data. Consequently, separate written informed consent 
was not required for this meta-analysis; consent and 
ethical approval were the responsibility of the in-
vestigators of original included studies. The study fol-
lowed the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) reporting 
guideline and in accordance with the principles of the 
Declaration of Helsinki. 17 The meta-analysis was regis-
tered with PROSPERO (CRD420251167202).

Role of the funding source
No funding was received for this work.

Results
The search of Pubmed, Embase, Scopus, and relevant 
references yielded a total of 2948 results, of which 438 
duplicates were excluded. From this, 2510 abstracts 
were screened at title and abstract level, before 29 
studies underwent full text assessment. Subsequently, 
10 studies and 7832 patients met the inclusion criteria 
and were included in the meta-analysis 3,5–8,18–26 (Fig. 1) 
(Supplementary Table S2). No potentially eligible non-
English language studies were identified during 
screening.
Table 1 summarises the study design and popula-

tion cohorts of the included studies.
Four of the included studies are small-vessel disease 

only. 3,7,8,20,23 Three studies included were only ACS 
studies, 19,24,25 with sub-group analysis data available for 
ACS patients for a further three studies. 21,27 Both REC-
CAGE FREE I and SELUTION De Novo 28 are large, 
all-comer trials including all vessel sizes and ACS/CCS 
clinical presentations although REC-CAGE FREE I was 
defined as non-complex lesions. 21,29 All comparator 
arms included a second generation or more novel DES 
and there was a significant range in the DCB used, with 
only the Sequent Please (B. Braun) balloon used in 
more than one RCT. SELUTION De Novo was the only 
trial involving a sirolimus drug eluting balloon. 28 The 
Risk of Bias assessment (Supplementary Figure S1) 
showed 7 studies with low risk of bias across all cate-
gories, three studies had some concern in 1–2 domains 
and one study had some concern in more than 2 do-
mains. GRADE assessment of the certainty of evidence 
is presented in Supplementary Table S5, yielding 
moderate certainty for cardiovascular death and
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myocardial infarction, and low certainty for target 
lesion/vessel revascularisation. Visual inspection of 
funnel plots did not suggest substantial asymmetry 
(Supplementary Figures S2A–C).
There was no significant difference in the occur-

rence of cardiovascular death whether undergoing DCB 
or DES treatment [OR: 1.06 (0.75–1.49), p = 0.76],

I 2 = 0% (Fig. 2A). Given the growing body of evidence 
supporting DCB-only PCI in small vessel disease, we 
subsequently examined occurrence of cardiovascular 
death in all-comer vessel size, excluding those limited 
to small vessel disease only. This showed there was still 
no difference in cardiovascular death [OR: 1.01 
(0.68–1.51), p = 0.95], I 2 = 0% (Fig. 2B).

Fig. 1: Study profile. PRISMA flow diagram showing identification, screening, eligibility assessment, and inclusion of studies in the systematic 
review and meta-analysis. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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Study (reference) Population/
design

NDCB/
DES

Study details DCB/DES Clinical
presentation

Endpoints/follow-
up

Age Male Prior
MI

Prior
PCI

Diabetes EF RVD Bailout
stenting

BASKET-SMALL-2 
5,23 Small-vessel de 

novo; non-
inferiority

382/
376

2018/2020; 
recruited 
2012–2017; 
Europe; 14 
centres

SeQuent please 
(paclitaxel)/Taxus 
element (paclitaxel), 
Xience (everolimus)

ACS, CCS, 
silent 
ischaemia

Primary: MACE 
Secondary: CD, MI, 
TVR, TV 
thrombosis, major 
bleeding 
Follow-up: 36 mo

 

67.2
(10.3),
68.4
(10.3)

295
(77),
262
(70)

160
(42),
133
(35)

235
(62),
241
(64)

122 (32),
130
 
(35)

60
(50–60),
50
(55–65)

2.75 
(2.14), 
2.57 (0.25)

19
 
(5.1)

RESTORE-SVD
 

8 Small-vessel de 
novo; non-
inferiority

116/
114

2019; recruited 
2016–2017; 
China; 12 
centres 

Restore DCB
 

(paclitaxel)/Resolute 
integrity DES

ACS/CCS Primary: LLL/TLF 
Follow-up: 24 mo

60.1
(10.5),
60.5
(10.8)

77 
(66.4), 
88
 
(77)

26
(22.4),
28
(24.6)

45 
(38.8), 
38
 

(33.3)

46
 

(39.7), 
48
 

(42.1)

60.6
(7.3),
59.9
(6.9)

2.42 
(0.15), 
2.42 (0.18)

6
 
(5.2)

REVELATION
 

18,19 Any vessel size; 
STEMI; non-
inferiority

60/60 2019/2022; 
recruited 
2014–2017; 
Netherlands;
1 centre 

Pantera lux 
(paclitaxel)/3rd-
generation

 
DES

STEMI Primary: FFR 
Secondary: MACE 
Follow-up: 60 mo

57.4
(9.2),
57.3
(8.3)

52 
(87), 
52 (87)

NR 2 (3),
0
 
(0)

8
 
(13), 4 

(7)
57.1
(6.2),
58.4
(7.1)

NR 11 (18)

PICCOLETO
 

II 
6,20 Small-vessel de 

novo; non-
inferiority

118/
114

2020/2023; 
recruited 
2015–2018; 
Europe; 5 
centres

Elutax SV
 

(paclitaxel)/ 
Xience (everolimus)

ACS, CCS Primary: LLL 6/12, 
MACE
Secondary: 
components of 
MACE
Follow-up: 36 mo

 

64
(48–80),
66
(50–82)

83
(70.3),
87
(76.9)

45 
(38), 
34
 
(30)

59
 

(50), 
60
 
(53)

45 (38), 
40
 

(35.4)

58
(48–68),
58
(51–65)

2.23 (0.4),
2.18

 
(0.4)

8
 
(6.7)

Yu et al. 
26 Any vessel size; 

non-inferiority
85/85 2021; recruited 

2017–2018; 
China; 1 centre

SeQuent please 
(paclitaxel)/Resolute 
integrity (zotarolimus)

ACS/CCS Primary: LLL 9/12 
Secondary: MACE 
Follow-up: 12 mo

62.6
 

(8.8), 64 
(10.5)

62 
(73.8), 
56
 

(70.9) 

NR 11
(13.1),
14
(17.7)

16
 
(19), 

23 (29.1)
NR 2.75 

(2.5–3), 3 
(2.75–3.5)

2 (2.4)

Hao
 
et al. 

25 Any vessel size; 
acute MI; RCT

38/42 2021; recruited 
2018–2019; 
China; 1 centre 

Yinyi biotech bingo/ 
Not reported

STEMI Primary: cardiac 
death, TV MI, TLR 
Follow-up: 12 mo

 

59
 
(11),

56
 
(11)

30
 

(75), 35 
(82) 

NR NR 10 (28),
15 (35)

48
 
(11),

45 (8)
NR 4/42

(9.5)

Wang et al. 
24
 STEMI (heavy 

thrombus 
burden); non-
inferiority 

92/92 2022; recruited 
2017–2019; 
China; centres 
NR

Vasoguard DCB
 

(paclitaxel)/Cordimax 
stent (sirolimus)

STEMI 
(heavy 
thrombus 
load) 

Primary: LLL 9/12 
Secondary: MACE 
Follow-up: 12 mo

49.2
(10.6),
49.6
(8.8)

88
 

(95.7), 
84
 

(91.3) 

NR NR 71
(77.2),
79
(85.9)

NR 3.31 
(0.56), 
3.43 (0.48)

NR

DISSOLVE SVD
 

7 Small-vessel de 
novo; non-
inferiority

129/
118

2024; recruited 
2018–2019;
China; 10 
centres

Dissolve DCB
 

(paclitaxel)/Endeavour 
resolute (zotarolimus)

ACS, CCS Primary: % diameter stenosis 
9/12
Secondary: TLF, 
TLR, TVF, MACCE 
Follow-up: 12 mo

 

60.2
(9.5),
60.1
(9.3)

94
 

(72.9), 
82 
(69.5)

33
(25.6),
27
(22.9)

NR 46
(35.7),
45
(38.1)

62.4
(7.8),
61.7
(7.8)

2.20
 

(0.26), 
2.21 (0.24)

5 (3.9)

REC-CAGEFREE I 
21,29 Any vessel size; 

non-complex
lesions; non-
inferiority

1133/
1139

2024; recruited 
2021–2022;
China; 43 
centres

Swide DCB
 
(paclitaxel)/ 

Firebird 2 DES 
(sirolimus)

ACS, CCS Primary: DoCE 
(CVD, TVMI, TLR) 
Secondary: all-
cause death, stroke, 
any MI, any 
revascularisation

 
Follow-up: 36 mo

 

62
(55–69),
62
(54–69)

769
(67.9),
805
(70.7)

81
(7.1),
105
(9.2)

137
(12.1),
142
(12.5)

282
(24.9),
338
(29.7)

60
(56–65),
60
(56–65)

3
(2.75–3.5),
3
(2.75–3.5)

106
(9.4)

SELUTION
 

De Novo
 

28 Any vessel size; 
non-inferiority

1661/
1662

2026; Europe 
and Asia; 62 
centres

SELUTION
 

SLR
 

(sirolimus)/DES not 
specified

ACS, CCS Primary: TLF 
Secondary: 
components of TLF 
Follow-up: 12 mo

67.1
(9.7),
66.7
(10.4)

1251
(75.3),
1230
(74)

302
(18.2),
284
(17.7)

457
(27.5),
450
(27.1)

425
(25.6),
434
(26.1)

NR 3.1 (0.5),
3.1 (0.5)

NR

Data are presented as DCB, DES unless otherwise specified. ACS, acute coronary syndrome; CCS, chronic coronary syndrome; CD, cardiac death; CVD, cardiovascular death; DCB, drug-coated balloon; DES, drug-eluting stent; DoCE, device-oriented 
composite endpoint; EF, ejection fraction; FFR, fractional flow 

reserve; LLL, late lumen
 
loss; MACE, major adverse cardiovascular events; MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction; NR, not reported; PCI, 

percutaneous coronary intervention; RCT, randomised controlled trial; RVD, reference vessel diameter; STEMI, ST-elevation myocardial infarction; TLF, target lesion failure; TLR, target lesion revascularisation; TV, target vessel; TVF, target vessel 
failure; TVMI, target vessel myocardial infarction; TVR, target vessel revascularisation.

Table 1: The study characteristics of the included studies.
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Sensitivity analyses when analysing ACS-only 
studies and excluding ACS studies showed there 
remained no difference in rates of cardiovascular death 
(Supplementary Figures S3 and S4).
There was no significant difference in the occurrence 

of MI (target vessel MI where reported) whether un-
dergoing DCB or DES treatment [OR: 1.02 (0.76–1.36), 
p = 0.91], I 2 = 0% (Fig. 2C). Furthermore, when 
excluding small vessel-only studies, there remained no 
significant difference in the rates of myocardial infarc-
tion [OR: 1.06 (0.76–1.49), p = 0.71], I 2 = 0% (Fig. 2D).
Additional leave-one-out sensitivity analyses were 

performed with the non-small-vessel trial cohort to 
assess the influence of the two largest studies, REC-
CAGEFREE I and SELUTION De Novo. 28 Exclusion of 
either study did not materially alter the pooled esti-
mates for cardiovascular death or myocardial infarction, 
supporting the robustness of the finding 
(Supplementary Table S6 and S7).
There was no significant difference in occurrence of 

target lesion (or target vessel where TLR was not 
available) revascularisation between the two groups 
[1.39 (0.88, 2.20), p = 0.16], I 2 = 57% (Fig. 2E). However, 
when excluding small vessel-only studies, there was a

significant increase in TLR in DCB-only compared to 
DES-only studies [1.84 (1.06–3.19), p = 0.03], I 2 = 54% 
(Fig. 2F). However, a leave-one-out sensitivity analysis 
resulted in significant changes in the findings (when 
removing REC-CAGEFREE I trial resulted in no sig-
nificant difference between the two treatment strate-
gies) (Supplementary Table S8 and Supplementary 
Figure S5).
Furthermore, a sensitivity analysis restricted to 

studies reporting TLR demonstrated findings consis-
tent with the primary revascularisation analysis, sup-
porting the robustness of the pooled estimate variation 
in revascularisation endpoints (Supplementary 
Figure S6).
Analysis of MACE in studies either designed for 

ACS patients only or that reported ACS-only subgroup 
analyses was undertaken. Given the limited availability 
of individual endpoint data in ACS subgroup analyses, 
an exploratory analysis was performed in ACS pop-
ulations. The individual MACE definitions have been 
outlined in Supplementary Table S9. This showed no 
significant difference in MACE between the two treat-
ment groups [OR: 1.07(0.79–1.46), p = 0.66], I 2 = 0% 
(Supplementary Figure S7).

A B

C D

E F

Fig. 2: Forest plots of cardiovascular death, myocardial infarction, and target lesion revascularisation across all studies and when excluding 
small vessel-only studies. (A) Cardiovascular death across all studies, (B) cardiovascular death excluding small-vessel-only studies, 
(C): myocardial infarction across all studies, (D) myocardial infarction excluding small-vessel-only studies, (E) revascularisation across all 
studies, and (F) revascularisation excluding small-vessel-only studies. Effect estimates are presented with odds ratios with 95% confidence 
intervals. CI, confidence intervals; DCB, drug coated balloon; DES, drug eluting stent; IV, inverse variance; MI, myocardial infarction; OR, odds 
ratio; TLR, target lesion revascularisation; TVR, target vessel revascularisation.
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A further safety analysis of target lesion thrombosis 
was undertaken. This was reported in 6 studies (7326 
patients) and whilst showing no statistical difference, 
did numerically favour DCB treatment [OR: 0.54 
(0.25–1.17), p = 0.12], I 2 = 0% (Supplementary 
Figure S8).
Leave-one-out analyses demonstrated that exclusion 

of any individual study did not materially alter the di-
rection or significance of the pooled estimates of the 
endpoints of interest. Exclusion of the sole sirolimus-
eluting balloon trial similarly yielded consistent find-
ings, suggesting that the overall results were not driven 
by a specific DCB platform or antiproliferative agent 
(Supplementary Table S10 and S11).
The impact of study quality on pooled estimates was 

also explored by conducting a sensitivity analysis by 
excluding studies considered to have some concern or 
high risk of bias, based on the risk of bias assessment. 
This showed that the findings were consistent with the 
primary analysis (Supplementary Table S12). Subgroup 
analyses stratified according to studies restricted to 
small-vessel disease and studies enrolling non-small-
vessel populations were performed. No significant 
interaction according to vessel-size subgroup was 
observed for cardiovascular death or myocardial 
infarction. Although the point estimate for revascular-
isation outcomes appeared numerically higher in non-
small-vessel studies, formal testing demonstrated no 
significant subgroup interaction (p-interaction = 0.36; 
Supplementary Figures S9–S11). Finally, a sensitivity 
analysis of TLR/TVR based on follow-up duration was 
undertaken for all studies (Supplementary Figure S12). 
This demonstrated that up to twelve-month follow-up, 
there was a significant increase in TLR/TVR with DCB, 
but this effect was no longer observed at ≥24-month 
follow-up. Study data for Piccoleto II and Revelation 
were obtained from the separately published follow-up 
duration for this sensitivity analysis.

Discussion
This systematic review and meta-analysis of ten rand-
omised controlled trials, involving 7832 patients pro-
vides the most contemporary synthesis of evidence 
comparing DCB-only with DES-only PCI for de novo 
coronary artery disease. The principal findings are as 
follows:

1) There was no difference in cardiovascular death,
myocardial infarction or treated lesion thrombosis 
irrespective of vessel size

2) Although there was no difference in revascularisa-
tion across all studies, exclusion of small vessel-only 
trials demonstrated higher rates of revascularisation 
in patients treated with DCB

3) These favourable safety findings were also observed
in exploratory analyses of ACS populations

Where drug eluting stents are the main guideline 
advised treatment for de novo coronary disease, there is 
an increasing body of evidence supporting that DCBs 
provide similar outcomes to DES from 12 to 60 months 
follow-up. However, when analysing revascularisation 
excluding small vessel only studies, there was a signif-
icant increase in revascularisation with DCB-only PCI.
The role of DCB angioplasty in de novo coronary 

disease has evolved substantially over the past decade. 
Early randomised studies were largely confined to 
small-vessel disease, 3,20,23 where the limitations of stent 
implantation are particularly relevant. This is driven 
partially by stent struts occupying a proportionally 
greater fraction of the artery lumen, resulting in a 
higher metal-to-artery ratio. 30 Whilst these studies 
consistently demonstrated favourable angiographic and 
clinical outcomes, it remained uncertain whether these 
findings could be extrapolated beyond the small-vessel 
setting, particularly to studies enrolling broader de 
novo coronary populations that included larger vessels. 
The interest in DCB-only PCI extends beyond treatment 
of small vessel disease and reflects the wider appeal of a 
stentless strategy. By avoiding permanent metallic im-
plants, DCB angioplasty may preserve vessel physi-
ology, reduce chronic inflammatory stimulus, eliminate 
the risk of mechanical stent failure, facilitate future 
percutaneous or surgical revascularisation, and poten-
tially permit shorter duration of dual antiplatelet ther-
apy in selected patients. 31 Larger coronary arteries are 
associated with different procedural challenges, lower 
baseline restenosis rates, 32 and historically, less evi-
dence supporting a DCB-only approach. Consequently, 
uncertainty remained regarding both the efficacy and 
safety of DCB-only angioplasty outside the small-vessel 
setting. This uncertainty was heightened following the 
publication of the REC-CAGEFREE I trial, 22,30 where 
non-inferiority was not met due to higher rates of target 
vessel revascularisation in the DCB arm. More recently, 
the SELUTION De Novo trial 28 demonstrated non-
inferiority of a sirolimus-eluting balloon compared 
with contemporary DES implantation. The present 
meta-analysis incorporates both of these landmark 
trials.
The findings of REC-CAGEFREE I, 21 where the 

Swide (paclitaxel) DCB failed to meet non-inferiority 
criteria compared to contemporary DES appear to 
differ from those observed with the other included 
studies. By contrast, SELUTION De Novo 28 demon-
strated non-inferiority to contemporary DES, suggest-
ing that there may be a role for DCB-only PCI in a more 
broadly applied inclusion criteria of any vessel size. 
REC-CAGEFREE I and SELUTION De Novo have quite 
considerably different study designs. REC-CAGEFREE I 
was a device trial in that randomisation occurred after 
pre-dilatation and lesion preparation, whereas SELU-
TION De Novo was a strategy trial, where random-
isation occurred prior to lesion preparation. These
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differences are particularly relevant in DCB angioplasty, 
where procedural success is heavily dependent on 
lesion preparation and appropriate bailout stenting. As 
a result, the two trials may not be addressing precisely 
the same clinical question, despite both comparing a 
DCB with DES approach. However, differences in 
follow-up duration is also important. Trial design alone 
is unlikely to fully explain the observed findings. 
SELUTION is currently reporting 1-year outcomes 
whilst REC-CAGEFREE I has reported 3-year outcomes. 
Ongoing follow-up of SELUTION De Novo will there-
fore be important to determine whether the favourable 
outcomes remain over time.
Interpretation of the SELUTION De Novo also re-

quires some caution. Although the trial met its pre-
specified non-inferiority margin on intention-to-treat 
analysis, aspects of the non-inferiority margin have 
been debated, and the secondary per-protocol analysis 
failed to meet non-inferiority. This discrepancy may 
reflect differences in the analysed populations after 
protocol deviations and crossover due to need for bailout 
stenting, together with the smaller effective sample size 
of the per-protocol cohort, rather than true conflicting 
treatment effect differences. Longer-term follow-up of 
SELUTION De Novo, together with the results of sub-
sequent randomised trials, will help determine whether 
these observations persist over time. Nevertheless, the 
findings of this meta-analysis remained consistent even 
with leave-one-out sensitivity analyses excluding SELU-
TION De Novo, suggesting that the overall conclusions 
are not dependent on the inclusion of this trial.
It is important to consider the lack of class effect that 

applies across all DCB technologies. Whilst the majority 
of DCBs in this meta-analysis are paclitaxel coated 
balloons, the pharmacokinetic properties, coating 
technologies and supporting clinical evidence differ 
between devices. Early data regarding tissue absorption 
and drug transfer-kinetics of the Swide balloon have not 
been widely published, and the device is not commer-
cially available outside the REC-CAGEFREE pro-
gramme. Furthermore, the clinical evidence supporting 
the Swide DCB prior to REC-CAGEFREE I was limited 
to a single analysis comparing this balloon to another in 
in-stent restenosis patients looking at angiographic late 
lumen loss at 9-months. 33 Consequently, differences in 
device characteristics may represent one potential 
explanation for the variation in findings observed be-
tween REC-CAGEFREE I and other contemporary DCB 
trials, although this hypothesis remains speculative. 
More broadly, comparative data between sirolimus and 
paclitaxel-coated balloons remains limited. Although 
early comparative studies suggest broadly similar clin-
ical outcomes, 34 differences in coating technology, drug 
transfer kinetics and excipients mean that equivalence 
between DCB platforms cannot currently be assumed.
An important strength of this meta-analysis is the 

inclusion of both small-vessel trials and six

contemporary trials enrolling broader de novo coronary 
populations, allowing assessment of treatment effects 
across a wider spectrum of lesion subsets (6365 patients 
from any vessel size). The large vessel (>3 mm) sub-
group analysis of REC-CAGEFREE I suggested a sig-
nificant increase in the primary composite endpoint in 
this group not substantiated by our work given the 
findings of the sensitivity analysis excluding small 
vessel-only studies. There had been a signal to nu-
merical increase in cardiovascular death in the REC-
CAGEFREE I trial which has not been corroborated 
by this analysis.
The findings relating to revascularisation outcomes 

warrant careful consideration. Whilst there were no 
significant differences in revascularisation across all 
studies, exclusion of small-vessel-only trials resulted in 
significantly higher rates of TLR/TVR in the DCB arm. 
Importantly, these findings were strongly influenced by 
REC-CAGEFREE I. Revasularisation endpoints should 
also be interpreted cautiously as it is recognised that the 
relevance of revascularization as an outcome is limited 
by the fact that repeat procedures are subject to vari-
ability in clinical judgement, patient preference, and 
local practice. 35 Although revascularisation endpoints 
varied across trials, importantly, the findings were un-
changed when the analysis was restricted to studies 
reporting TLR, suggesting that the results were not 
driven by difference in revascularisation endpoint def-
initions. To further explore the influence of vessel size, 
additional subgroup analyses stratified according to 
studies restricted to small-vessel disease and studies 
enrolling non-small-vessel populations did not demon-
strate significant effect modification for cardiovascular 
death, myocardial infarction or revascularisation out-
comes. Although numerically higher revascularisation 
rates were observed in non-small-vessel studies, formal 
interaction testing was not significant. These findings 
suggest that the observed differences are unlikely to be 
explained by vessel size alone and may instead reflect 
the broader heterogeneity between studies, including 
differences in clinical presentation, lesion complexity, 
DCB technology, endpoint definitions and follow-up 
duration.
Despite this heterogeneity, the findings of cardio-

vascular death, myocardial infarction and lesion 
thrombosis remained consistent across multiple sensi-
tivity analyses, supporting the robustness of the safety 
findings. Importantly, the findings relate to a DCB-
based strategy rather than pure DCB-only angioplasty, 
as bailout stenting was permissible in the included 
studies.
Several contemporary all-comer RCTs, including 

TRANSFORM II trial NCT04893291, CAGE-FREE III 
NCT05209412, The Reverse trial NCT05846893 are 
currently underway and will further define the role of 
DCB-only PCI across a broad spectrum of de novo 
coronary disease. This meta-analysis adds strength to
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the role of DCB-only PCI in any vessel size. An 
exploratory analysis of ACS populations also demon-
strated no significant difference in MACE between 
treatment strategies. However, interpretation is limited 
by heterogeneity in endpoint definitions and the lack of 
individual endpoint reporting in some subgroup ana-
lyses. Interpretation of the non-small-vessel analysis 
requires caution, as studies not restricted to small ves-
sels also differed with respect to clinical presentation, 
with several enrolling ACS populations exclusively. 
Consequently, differences observed in revascularisation 
outcomes may reflect a combination of vessel size, 
clinical presentation, device characteristics, and trial 
design rather than vessel size alone.
This meta-analysis has several important limita-

tions. Firstly, the meta-analysis was performed using 
aggregate trial-level data rather than individual patient-
level data, limiting adjustment for differences in base-
line characteristics and preventing complete synthesis 
of endpoints across trials. To mitigate this, we have 
instead conducted an analysis based on the individual 
components of the endpoints given the substantial 
variation in MACE definitions between trials. Secondly, 
there was considerable clinical and methodological 
heterogeneity across the included studies. Patient pop-
ulations varied with respect to clinical presentation, 
including stable coronary disease and acute coronary 
syndromes, and lesion subsets ranged from small-
vessel disease to all-comer de novo disease. Thirdly, 
important differences existed between DCB technolo-
gies. Although most studies evaluated paclitaxel-coated 
balloons, important differences exist between DCB 
technologies and a class effect cannot be assumed.
Furthermore, there was heterogeneity in study 

design, including differences in randomisation strat-
egy, lesion preparation protocols, bailout stenting 
thresholds and comparator DES platforms. Follow-up 
duration ranged from 12 to 60 months, which may 
have influenced event ascertainment and limited direct 
comparability between studies. In addition, several 
outcomes were influenced predominantly by the largest 
contemporary trials. However, leave-one-out sensitivity 
analyses demonstrated that the overall findings were 
generally robust to exclusion of individual studies. 
Revascularisation endpoints should also be interpreted 
in the context of differing follow-up strategies, as 
protocol-mandated angiographic surveillance in some 
studies may have increased rates of repeat revascular-
isation through identification of asymptomatic reste-
nosis. Assessment of publication bias was limited by 
the relatively small number of included studies. Finally, 
the results may not be generalisable to more complex 
lesion subsets, including left main stem disease and 
chronic total occlusions, which were excluded from the 
included randomised trials.
There are comparable event rates between DCB and 

DES-only PCI for de novo coronary disease for

cardiovascular death, myocardial infarction and treated 
lesion thrombosis, a finding which remains true when 
excluding small vessel only trials with 7832 patients and 
10 RCTs comparing DCB to 2nd generation or newer 
DES at twelve to sixty-month follow-up. This may sup-
port the safe use of DCB across any vessel size within 
the studied lesion subsets and across all clinical pre-
sentations. Whilst there was no difference in TLR 
across all studies, the higher rates of target lesion 
revascularisation when excluding small vessel-only tri-
als support the continued evaluation of DCB-only PCI 
in selected de novo coronary artery lesions but should 
be interpreted in the context of important heterogeneity 
between DCB technologies and trial design.
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