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Abstract

The role of drug-coated balloons (DCBs) in patients with acute myocardial infarction (AMI) remains controversial. We per-
formed a meta-analysis of all published studies comparing the outcomes of DCBs vs. stenting in AMI patients. Four studies
with 497 patients (534 lesions) were included (three randomized controlled trials and one observational study). During a
mean follow-up of 9 months (range 6—12 months), DCBs were associated with similar risk of major adverse cardiovascular
events (5% vs. 4.4%; OR 1.24, 95% CI: [0.34, 4.51], p=0.74, P>=35%), all-cause mortality (0.02% vs. 0.04%; OR 077,
95% CI: [0.15, 3.91], p=0.75, =25%), cardiac death (0.01% vs. 0.02%; OR 0.64, 95% CI: [0.16, 2.64], p=0.54), myo-
cardial infarction (0% vs. 1.4%; OR 0.18, 95% CI: [0.01, 3.56], p=0.26), and target lesion revascularization (3.7% vs. 2%;
OR 1.74, 95% CI: [0.42, 7.13], p=0.44, I*=17%) compared with stenting. During a mean follow-up of 7 months (range
6-9 months), DCBs had similar late lumen loss compared with stenting (mean difference 0.04 mm, 95% CI [- 0.21-0.28],
p=0.77, F=92%). In patients with AMI, there was no statistical difference in the incidence of clinical and angiographic
outcomes between AMI patients treated with DCB and DES. Larger studies with longer-term follow-up are needed to assess
the clinical utility of DCBs in this setting.
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Introduction

Patients with acute myocardial infarction (AMI) represent
one of the highest risk subsets of patients undergoing per-
cutaneous coronary intervention (PCI). Despite advances in
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technique and medical therapy, AMI patients remain at a
high risk of cardiovascular events after initial stabilization.
Currently, drug-eluting stents (DES) are recommended for
PCI in patients with AMI, given their superiority in reducing
the need for reintervention compared with bare-metal stents
(BMS) [1, 2]. However, stenting remains limited by neoin-
timal hyperplasia and neoatherosclerosis [3]. Long-term
follow-up studies have consistently shown an ongoing risk
of adverse cardiovascular events after stenting, even with
second-generation DES [4, 5]. Stents are also associated
with impairment of the coronary endothelial and vasomotor
function [6].

Drug-coated balloons (DCBs) offer the advantage of
delivering antiproliferative drugs without leaving metal
behind. They provide homogenous distribution of the anti-
proliferative drug along the vessel wall, potentially leading
to positive remodeling and inhibiting neointimal growth
with eventual plaque reduction and stabilization [7-9].
DCBs have been studied in different anatomical and patho-
logical variants of coronary artery disease (CAD). They
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have been effective in the treatment of coronary in-stent
restenosis (ISR) [10] and de novo CAD, including small
vessels, bifurcation lesions, and diabetics [11-14]. Two
early feasibility studies of DCBs in AMI showed favorable
short-term rates of major adverse cardiovascular events
(MACE) [15, 16].

Given the limitations of stenting in patients with AMI and
the limited data on the comparative effectiveness of DCBs
vs. DES in AMI patients, we performed a meta-analysis to
compare short-term outcomes of both modalities.

Methods
Literature search

The study was conducted according to the proposal for con-
ducting and reporting meta-analyses of observational studies
(Moose) [17] and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) [18]. We
performed a computerized search through Medline, Embase,
and Cochrane databases from January 2000 to June 2020
using the following search terms separately and in com-
bination; “Drug-eluting balloon,” “DEB,” “drug-coated
balloon,” “DCB,” “paclitaxel-coated balloon,” “PCB,”
and “acute myocardial infarction.” Bibliographies of the
retrieved studies were screened for other relevant studies.
The search was limited to the English language.

Study selection

We included randomized controlled trials (RCTs) and obser-
vational studies that compared outcomes with DCBs vs.
stenting (mainly with DES) in the treatment of AMI [includ-
ing both ST-elevation myocardial infarction (STEMI) and
non-ST-elevation myocardial infarction (NSTEMI)]. In the
DCB arm, stenting was allowed only as a bailout strategy in
case of suboptimal results, defined as persistent residual ste-
nosis, vessel recoil, or flow-limiting dissection. We excluded
studies that included planned DCB + stenting.

Data extraction and quality assessment

The data were extracted by two independent investigators
(KB, MS) and confirmed by a third investigator (MM). Dis-
crepancies were settled by consensus. Data were extracted
on baseline patient characteristics, procedural details, and
outcomes of interest. Bias risk of the included studies was
assessed using the Newcastle Ottawa Scale for cohort studies
[19], and the Cochrane risk assessment tool for RCTs [20].

@ Springer

Study outcomes

The primary outcome of the current study was the inci-
dence of MACE, defined as a composite endpoint of car-
diac death, myocardial infarction (MI), and target lesion
revascularization (TLR). Secondary outcomes included
all-cause mortality, cardiac death, myocardial infarction
(MI), and TLR. Angiographic outcomes included late
lumen loss (LLL) defined as the difference between post-
procedural and follow-up minimal lumen diameter meas-
ured by quantitative coronary analysis (QCA). Definitions
of outcomes, inclusion, and exclusion criteria are shown
in Table S1.

Results were reported at the latest available follow-up
time. The total number of patients was used in the analysis
of clinical outcomes, while the total number of lesions was
used when angiographic outcomes were assessed.

Data synthesis and statistical analysis

Categorical variables were reported as frequencies while
continuous variables as means with standard deviations
(SD). Categorical variables were compared using Fish-
er’s exact or Chi-square tests, while continuous variables
were analyzed using the two-sample 7-test. Tests were two-
tailed, and a p-value of <0.05 was considered statistically
significant. All reported baseline characteristics and out-
comes are weighted with the sample size being the weight.

QOdds ratios (ORs) and mean differences (MD) with 95%
confidence intervals (Cls) are presented as summary statis-
tics. Statistical heterogeneity was assessed by I? statistic:
2> 50% was considered substantial, and I? > 75% was con-
sidered considerable [21]. We used the Der-Simonian and
Laird random-effects and random-effects generic inverse
variance methods to calculate OR and MD, respectively, as
we anticipated a high degree of clinical and methodologi-
cal heterogeneity. Potential publication bias was assessed
using the Egger’s test by visual examination of the funnel
plots [22]. Outcomes were analyzed for all studies using
“as-treated” events from RCTs to decrease heterogeneity
when combined with the observational study, and a second
analysis was performed for RCTs using an “intention-to-
treat” analysis for the primary outcome. The following
sensitivity analyses for the primary outcome were con-
ducted: (1) including only RCTs (both intention-to-treat
and as-treated analyses), (2) DCBs vs. DES only, (3)
including only STEMI patients, (4) including only stud-
ies that used second-generation DCB, and (5) excluding
one low-quality RCT [23], as the study excluded patients
who needed bailout stenting in the DCB arm. Statistical
analysis was conducted using Review Manager software
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(Version 5.3.5. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014).

Results
Studies

The study selection process is described in Figure S1. Four
studies (three RCTs [23-25] and one observational study
[26]), with 497 patients (534 lesions), met our inclusion cri-
teria (Table 1). Three studies included patients with STEMI
[23, 24, 26], and one study included patients with NSTEMI
[25]. Three studies used DES [23, 24, 26], while one study
included stenting with BMS in 56% of patients [25]. Three
studies used second-generation DCBs [23-25] while one
study used first-generation DCB (DIOR II, Eurocor, Ger-
many) [26] that is no longer commercially available. Pub-
lication bias assessment is shown in Figures S2-S7. Bias
assessment as per the Cochrane Newcastle Ottawa scale and
Cochrane risk assessment tool is illustrated in Tables S2
and S3.

Patients

Patient characteristics are shown in Tables 2 and S4. The
DCB group included 244 patients (268 lesions), while the
stenting arm included 253 patients (266 lesions). No sig-
nificant differences in baseline or procedural characteristics
were found between either group except greater use of the
radial approach in the DCB compared with the stenting arm
(86.6% vs. 73.4%, p=0.028) mainly due to the frequency
of radial access in the DCB arm more than DES arm in the
included observational study [26].

Of the lesions in the stenting arm, 219 (82.3%) were
treated with DES and 170 (64%) were treated with a second-
generation DES. The rate of bailout stenting in the DCB arm
was 13% (range: 4% to 18%).

Clinical outcomes

Clinical outcomes are summarized in Fig. 1. During a
weighted mean follow-up of 9 months (range 6—12 months),
DCBs were associated with a similar risk of MACE (5% vs.
4.4%; OR 1.24,95% CI: [0.34, 4.51], p=0.74, I =35%), all-
cause mortality (0.02% vs. 0.04%; OR 0.77, 95% CI: [0.15,
3.91], p=0.75, P =25%), cardiac death (0.01% vs. 0.02%;
OR 0.64, 95% CI: [0.16, 2.64], p=0.54), MI (0% vs. 1.4%;
OR 0.18, 95% CI: [0.01, 3.56], p=0.26), and TLR (3.7%
vs. 2%; OR 1.74,95% CI: [0.42, 7.13), p=0.44, P =17%)
(Figure S8).

Both strategies had a similar risk of MACE with differ-
ent sensitivity analyses when we included only RCTs with

intention-to-treat or as-treated analyses, included only DCB
vs. DES, included only studies that used second-generation
DCBs, included only patients with STEMI, and the low-
quality RCT [23] (Figure S9).

Angiographic outcomes

Angiographic follow-up was completed in three studies,
all of which studied STEMI patients, including 227 lesions
(43% completed follow-up) [23, 24, 26]. During a weighted
mean follow-up of 7 months (range 6—9 months), DCB
had similar late lumen loss compared with stenting (MD
0.04 mm, 95% CI [- 0.21-0.28], p=0.77, ’=92%) (Figure
S8).
A summary of the study results is shown in Fig. 2.

Discussion

The current meta-analysis is the first to compare the clinical
and angiographic outcomes in patients with AMI treated
with DCBs vs. stenting. We found no difference in the risk
of major cardiovascular events or angiographic LLL between
groups. Our findings were unchanged when we restricted our
analysis to RCTs, and to STEMI patients.

Randomized trials have established that stenting with
either BMS or DES results in lower restenosis rates than
uncoated balloon angioplasty (BA) [27-29]. Some very
long-term studies, however, have suggested that, beyond
the initial 1-4 years, BA might have a lower risk of TLR
compared with BMS and DES over a follow-up period of
9-20 years [30, 31]. These observations have been more
pronounced in patients with STEMI, in whom the differ-
ence was noted with a landmark analysis after the first year
[31]. Moreover, no difference was observed in short- or
long-term mortality between BA and stenting in different
studies [30-32]. Together, these data raise the possibility
that balloons could represent an attractive alternative treat-
ment option if their short-term risk of restenosis is similar
to that of stents.

In our analysis, DCBs were comparable to stenting in
overall MACE and all its components, including TLR, dur-
ing a mean follow-up of 9 months after PCI. In patients
with AMI, there is a higher risk of stent malapposition,
uncovered struts, and atherothrombotic prolapse, which is
possibly related to residual thrombus burden and incorrect
stent sizing in the setting of acute occlusion, increasing the
risk of short- and long-term stent-related events [33, 34].
AMI patients also have a higher risk of stent thrombosis
and cardiovascular events compared with those without MI
in the first 3 months after PCI with stenting [35]. It is plau-
sible that DCBs would provide a similar protective effect in
preventing reintervention in the early period after PCI but
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Table 2 Baseline characteristics

- : DCB (n=244) Stent (n=253) p-value

of the included patients and

lesions Age mean (SD) 61.01 (11.78) 60.65 (12.3) 0.739
Male % 71.89 76.31 0.440
Diabetes % 17.54 19.06 0.747
Hypertension % 51.85 55.52 0.465
Hyperlipidaemia % 30.06 31.21 0.951
Smoking % 41.41 46.02 0.345
Family history of CAD % 30.97 [204] 34.59 [204] 0.501
Previous MI % 15.95 [144] 12.24 [155] 0.449
Previous PCI % 2.8 [99] 1.82[110] 0.992
Previous CABG % 01[99] 0[110]
Prasugrel loading % 8.68 [164] 6.07 [166] 0.486
Ticagrelor loading % 75.13 [164] 72.53 [166] 0.680
Clopidogrel loading % 16.18 [164] 18.87 [166] 0.619
Lesion/procedural characteristics n=268 n=266
Radial approach % 86.60 [100] 73.39 [109] 0.028
Target vessel
RCA % 33.53 [223] 34.00 [229] 0.995
LAD % 39.34 [223] 38.40 [229] 0.914
LCX % 27.12 [223] 27.43 [229] 0.973
Pre-procedure
TIMI O or 1% 53.14 [100] 55.04 [109] 0.891
TIMI 2 or 3% 46.86 [100] 44.96 [109] 0.901
Predilation performed % 99.14 [223] 99.05 [229] 0.692
Predilation pressure (SD) 12.64 (2.76) 12.22 (2.67) 0.101
DCB pressure (SD) 10.59 (2.82)
DCB inflation time s (SD) 54.00 (20.26)
Post procedure
TIMI O or 1% 0[100] 0[109]
TIMI 2 or 3% 100 [100] 100 [109]
Postdilation performed % (n) 14.07 [100] 26.62 [109] 0.039
Postdilation pressure (SD) 12.64 (3.21) 15.92 (4.08) <0.01

CABG coronary artery bypass graft surgery, CAD coronary artery disease, LCx left circumflex artery, DCB
drug-coated balloon, PCI percutaneous coronary intervention, LAD left anterior descending artery, RCA
right coronary artery, MI myocardial infarction, NSTEMI non-ST-elevation myocardial infarction, STEMI
ST-elevation myocardial infarction, TIMI thrombolysis in myocardial infarction, SD standard deviation

Numbers between square brackets represent number of subjects with reported variable when different from

baseline

avoid the longer-term complications of leaving a metallic
stent in the coronary arteries and by doing so result in better
outcomes in these high-risk patients. These findings support
performance of larger and longer-term studies to investigate
potential differences in long-term outcomes between the two
strategies.

Our results, however, should be interpreted with caution
given the limitations of DCB technology. DCBs require opti-
mal lesion preparation to ensure optimal apposition of the
drug-eluting surface of the DCB to the endothelium. There-
fore, DCBs might not be the first choice in lesions that are
challenging to prepare. Like regular BA, DCBs also carry
risks of persistent residual stenosis, acute vessel recoil, and

dissection, which may require bailout stenting. In our study,
the rate of bailout stenting was 13%. DCBs were also shown
to adversely affect the endothelial and non-endothelial vaso-
motor function of the treated segments, but to a lesser extent
compared with stenting [26, 36]. Finally, although compara-
ble in terms of hard clinical outcomes including death and
MI, DCBs might be associated with higher TLR than DES
in some lesion subsets, including coronary ISR [10].

Our study demonstrates that DCBs had comparable
angiographic and clinical outcomes when compared with
stenting within the year after PCI, a critical period when
stenting has been established as superior to BA in preventing
reintervention. This suggests that DCBs may be a potential
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6.00%
p=0.74
5.00%
4.00%
p=0.44
3.00%
2.00%
p=0.26
1.00%
p=0.75 p=0.54
0.00%
MACE Target lesion revascularzation Myocardial infarction Altcause mortality Cardiac death

mDCB m Stenting

Fig.1 Summary of the outcomes with drug-coated balloons vs. stenting in patients presenting with acute myocardial infarction

treatment option in patients with AMI, where they may avoid
long-term stent-related complications. Larger randomized
trials with long-term follow-up would be required to test
this hypothesis.

Limitations

Our study has limitations. First, our power to detect dif-
ferences in clinical outcomes was limited due to the small
number of studies, patients, and events. Second, the included
studies had a high degree of heterogeneity. Third, one obser-
vational study was included, which introduces the risk of
selection bias and confounding, although the results did not
change when that study was excluded in a sensitivity analy-
sis. Fourth, the included studies of stenting combined the use

@ Springer

of BMS and first- and second-generation DES which pre-
cluded a comparison between DCB and current-generation
DES. Finally, only paclitaxel-coated balloons were used in
the included studies. Newer sirolimus-coated balloons have
shown promising results [37].

Conclusions

In patients with AMI, there was no statistical difference in
the incidence of clinical and angiographic outcomes between
AMI patients treated with DCB and DES. Larger studies
with longer-term follow-up are needed to assess the clinical
utility of DCBs in this setting.
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Outcomes with drug-coated balloons in acute myocardial infarction

Meta-analysis of four studies (497 patients, 534 lesions)

DCBs Stenting
(244 patients, 268 (253 patients, 266 lesions)
lesions) (82.3% DES, 64%

second-generation DES)

Similar risk at 9 months follow up (6-12 SIUIETIELD Sensitivity analyses
months) lumen loss -
(7 months .
MACE OR 1.24 (0.3-4.5) follow up (6-9 MACE OR 1.71 (0.24-11.99)
All-cause mortality OR 0.77 (0.2-3.9) months)
Cardiac death OR 0.64 (0.2-2.6) :
Myocardial infarction OR 0.2 (0.01-3.6) L Intention-to-treat

Target lesion revascularization OR 1.7 (0.4-7.1) MACE OR 0.62 (0.22-1.78)

As-treated

i MACE OR 0.75 (0.26-2.15)
Z DCBs vs. DES

MACE OR 1.71 (0.24-11.99)

Fig.2 Summary of the study results (central figure). DCB drug-coated balloons, DES drug-eluting stents, MACE major adverse cardiovascular
events, STEMI ST-elevation myocardial infarction, RCTs randomized controlled trials, OR odds ratio
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