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studies

Lei GAO, Ya-Bin WANG, Jing JING, Ming ZHANG, Yun-Dai CHEN"
Department of Cardiology, Chinese PLA General Hospital, Beijing, China

Abstract

Background New-generation drug-eluting stents (DES) was more effective in the treatment of in-stent restenosis (ISR) compared
with the first-generation DES. Drug-eluting balloons (DEB) and new-generation DES had been available strategies in treatment of bare-metal
stents/DES ISR (BMS/DES-ISR). Six new randomized trials have recently examined the angiographic outcomes and one-year clinical out-
comes of DEB and new generation DES in BMS/DES-ISR. However, the optimal management for BMS/DES-ISR lesions remains contro-
versial. Methods We searched the randomized clinical trials evaluating the angiographic outcomes and one-year clinical outcomes of DEB
and new-generation DES in patients with BMS/DES-ISR. The primary endpoints were the angiographic outcomes, including the minimal
luminal diameter (MLD), diameter stenosis % (DS%), late lumen loss (LLL), and binary restenosis (BR). Results A total of six random-
ized clinical trials with 1177 BMS/DES-ISR patients were included in our meta-analysis. For angiographic outcomes, there were signifi-
cantly less MLD and more DS% with DEB compared to new-generation DES (MLD: MD = —0.18, 95% CI: —0.31-—0.04, P < 0.001; DS%:
MD = 5.68, 95% CI: 1.00-10.37, P < 0.001). Moreover, for one-year clinical outcomes, DEB was associated with a significant increase risk
in target lesion revascularization (TLR) (RR = 2.93, 95% CI: 1.50-5.72, P = 0.002). However, DEB was associated with higher risks of ma-
jor adverse cardiac event, target vessel revascularization, TLR, BR, and more DS% only in DES-ISR group. Conclusons DEB and
new-generation DES have the similar clinical efficacy for the treatment of BMS-ISR. However, DES showed more MLD, less DS%, and a
decreased risk of TLR for the treatment of DES-ISR.
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incidence for second-generation DES.® Quite a few
meta-analysis have confirmed that new-generation of DES

1 Introduction

Percutaneous coronary intervention is the most effective
nonsurgical method for myocardial revascularization in
patients with coronary artery disease.!"! However, the phe-
nomenon of restenosis has been plagued clinicians.**! To
date, several medical techniques, from balloon angioplasty
and bare-metal stents (BMS) to first- and second-generation
drug eluting stents (DES), have been invented and dramati-
cally declined the rate of in-stent restenosis (ISR).!* For
example, the rate of ISR is more than 40% for balloon an-
gioplasty alone."”! The use of BMS has been associated with
one third incidence of ISR.!®) DES is an exciting medical
technique which could significantly decrease the ISR rate to
5%—15% with first-generation DES, and even lower ISR
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dramatically reduced the rate of ISR compared with balloon
angioplasty and BMS.”!"!

Currently, there are several therapeutic strategies for ISR.
Many previous researches had reported clinical efficacy of
balloon angioplasty, BMS, and DES.'>"*! Although, DES
could significantly reduce the rate of restenosis in ISR pa-
tients, there are several limitations for DES. For example,
exotic metal layers on the vessel well. Lately, a newly in-
troduced drug-eluting balloon (DEB) is also used to treat
ISR. DEB is a remarkable treatment method for ISR, which
can deliver anti-proliferative agents to a restenotic arterial
segment and do not need to use additional extra layers of
metal stents.!"*"*! So far, many randomized controlled trials
have compared the clinical efficacy between DEB and
new-generation DES."?!) However, the results are differ-
ent and the ideal treatment of ISR remains debatable.

Therefore, we enrolled the randomized control studies
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and conducted a meta-analysis to evaluate the clinical effi-
ciency between DEB and new-generation DES in treating
BMS/DES-ISR patients. We also performed subgroup
analysis to examine the clinical efficacy of DEB in the
treatment of BMS-ISR and DES-ISR in comparison with
new-generation DES.

2 Methods

2.1 Literaturesearch

PubMed and the Excerpta Medica Database, Cochrane
Central Register of Controlled Trials, and ClinicalTrials.gov
were searched for all publications evaluating the clinical
efficacy of DEB compared with new-generation DES for
the treatment of BMS/DES-ISR that had been published
through March 1, 2018. The search strategy was based on
combinations of the following terms: “drug eluting balloon
or DEB”, “drug coated balloon or DCB”, “drug-eluting
stent or DES”, and ““in-stent restenosis or ISR”. To retrieve
the most eligible studies, we manually screened all relevant
publications and their reference lists. Language was re-
stricted to English.

2.2 Inclusion and exclusion criteria

The following eligible studies were included in the meta-
analysis: (1) randomized controlled clinical trials; (2) stud-
ies whose patients had BMS/DES-ISR; (3) studies making
comparisons of clinical outcomes and angiographic out-
comes between DEB and new-generation DES; and (4)
studies including the angiographic outcomes [the minimal
luminal diameter (MLD), diameter stenosis % (DS%), late
lumen loss (LLL), and binary restenosis (BR)] and the
one-year clinical outcomes [all-cause death or major ad-
verse cardiac event (MACE) or myocardial infarction (MI)
or target vascular revascularization (TVR) or target lesion
revascularization (TLR)]. The following studies were ex-
cluded from the analysis: (1) duplicates of previous publica-
tions; (2) abstracts, reviews, commentaries and editorials; (3)
animal studies; (4) studies without sufficient available
original data, even after we had contacted their correspond-
ing authors; (5) studies only comparing the clinical out-
comes between two strategies without angiographic results;
and (6) studies aiming to compare DEB with first-ge-
neration DES.

2.3 Outcomesof interest and definitions

Clinical outcomes of interest were all-cause death,
MACE, MI, TVR and TLR; Angiographic outcomes of
interest were the MLD, DS%, LLL, and BR. ISR was de-

fined as > 50% diameter stenosis on visual assessment.
All-cause death was defined as death from any cause.
MACE was defined as cardiac death, MI, and stent throm-
bus. MI was defined as the documentation of a new abnor-
mal Q-wave after the index revascularization. Other out-
comes were defined according to the study definition.

2.4 Dataextraction

Two reviewers independently extracted the following
information from the eligible trials using a standardized data
collection form: the trial’s name, publication year, location,
numbers of patients, previous stent, the type of DEB and
DES, clinical and angiographic follow-up durations, char-
acteristics of the subjects (age, gender, and underlying dis-
eases. such as hypertension, diabetes mellitus, dyslipidemia),
clinical characteristics of the patients [previous MI, previous
coronary artery bypass grafting, left ventricular ejection
fraction, unstable angina, stable angina or silent ischemia,
ISR lesions, quantitative findings before the procedure (ref-
erence vessel diameter, MLD, DS%, lesion length, previous
stent diameter and length)] in the DEB and DES groups,
clinical outcomes and angiographic data.

25 Statigtical analysis

The data regarding the one-year clinical outcomes were
categorical, and pooled risk ratios (RRs) and their corre-
sponding 95% confidence intervals (Cls) were performed.
The data regarding the angiographic outcomes were con-
tinuous, and pooled mean differences (MDs) and their cor-
responding 95% Cls were performed. The chi-square-based
Cochran Q test and I statistic were employed to assess be-
tween-study heterogeneity.”>**) Subgroup analyses were
conducted to assess differences by ISR type (BMS-ISR and
DES-ISR) for clinical and angiographic outcomes. Funnel
plots, Begg’s rank test, and Egger’s linear regression test
were performed to examine potential publication bias.**!
Studies were combined using fixed effect model. However,
a random-effects model was performed to calculate the risk
estimation if a significant heterogeneity was detected. A
two-sided P < 0.05 was considered statistically significant.
All statistical analyses were conducted using STATA statis-
tical software (Version 11.0, Stata Corp, College Station,
Texas, USA).

3 Reaults

3.1 Characteristicsof theincluded studies

The flow chart in Figure 1 displays information of com-
prehensive literature search and selection of studies assess-
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Records identified through | | Additional records identified ing the clinical efficacy of DEB with DES in patients with
database searching through other sources BMS/DES-ISR. As a result of deduplication, screening of
(n=254) (n=16) titles and abstracts, and full text review, six randomized
l l clinical trials with 1177 BMS/DES-ISR patients were in-
. . . cluded in our meta-analysis. The characteristics of included

Atrticles reviewed for duplicates ) ) - o
(n=270) studies are showed in Table 1. The baseline clinical and le-

sion characteristics of the patients are summarized in Tables
2 & 3. Among the 1177 BMS/DES-ISR patients, 596 pa-

_Additional records Atticles reviewed for tients accepted DEB treatment and 581 received new-ge-

identified through other . . . .
sources ] duplicates neration DES treatment. Among the six ftrials, five were
(n=0) (n=96) from western countries and one from Asia. Regarding type
l of ISR, three studies focused on BMS-ISR, two studies were
Records after duplicates = ocords excluded dus about DES-ISR, and one study was about‘Bl\'/[S/DES—'ISR.
removed >t obvious irrelevance Between the two groups, there were no significant differ-
(n=174) (n=168) ences in baseline characteristics and lesion characteristics,
l excepted age and smoking in Restenosis Intra-stent of Bare
R ——— ] Metal Stents: paclitaxel-eluting balloon vs. everolimus-elut-
o ef):) trili]:igisliaésesse ing stent (RIBS) V study,!"” male in Drug-Eluting Balloon
(n - 6) for In-Stent Restenosis (DARE) study,”” diabetes mellitus
in Safety and Efficacy of a Drug elUting balloon in Coro-

Figurel. Flow diagram of the study selection process. nary artery rEstenosis (SEDUCE) study.!'®)

Tablel. Characteristicsof digible sudiesenrolled in the meta-analysis.

. Patient size . Follow-up
Study Year L ocation —— Previousstent  DEB type DEStype
DEB DES Clinical Angiographic

Alfonso F, et al.!'”) 2014 Spain 95 94 BMS PEB EES lyr 9 months
Alfonso F, et al."¥ 2015 Spain 154 155 DES PEB EES 1yr 9 months
PlevaL, etal."” 2016  Czech Republic 95 84 BMS PEB EES 1yr 12 months
Adriaenssens T, etal."! 2014 Belgium 25 25 BMS PEB EES lyr 9 months
Baan J Jr., et al.* 2018 Netherlands 141 137 BMS/DES PEB EES 1yr 6 months
Wong YTA, et al.*! 2017 Korea 86 86 DES PEB EES 1yr 9 months

BMS: bare-metal stent; DEB: drug-eluting balloon; DES: drug-eluting stent; EES: everolimus-eluting stent; PEB: paclitaxel-eluting balloon.

Table2. Patient characteristics of theincluded studies.

Dydlipi- ) Previous Previous
Study Group Ageyrs Mae HTN DM . Smoking LVEF UA  SA/S
demia MI CABG
Alfonso F, DEB  67+11 86% 2%  32% 73% 59% 60% 4% 58%+13%  40%  60%
etall"” DES  64=12° 87%  72%  20% 66% 75%" 60% 7% 59% +1 2% 45%  56%
Alfonso F, DEB 6610 82%  T1%  49% 71% 58% 47% 10% 58%+12%  52%  48%
etal ' DES  66+10 84%  18%  43% 78% 56% 50% 11% 59% + 11% 51%  49%
PlevaL, DEB 65.6+109 63.2% - 25% - 45.6% 63.2% 4.4% 49.7%+12.0% - 64.7%
etal.™ DES 655+106 67.7% - 26.5% - 42.7% 60.3% 8.8% 49.6% + 11.4% - 63.2%
Adriaenssens T, DEB 67.6+7.7  72%  64%  24% 96% 20.8% 48% - - 20%  76%
etal'® DES 642+11.0 100%  60% 4%" 96% 12% 40% - - 20%  76%
Baan J Jr., DEB  66+11 %  64%  31% 59% 17% 53% 14% - 44% -
etal 2" DES 6510 84% 67%  33% 60% 13% 52% 16% - 42% -
Wong YTA, DEB 6710  709% 69.8%  50% - 46.5% 30.2% - 59.4%+84% 453% 41.8%
etal.?! DES  66+9 21% 75.6% 442% - 43% 25.6% - 59.9%+7.8% 384% 454%

Data are presented as means + SD or %. ‘P < 0.05. CABG: coronary artery bypass grafting; DEB: drug-eluting balloon; DES: drug-eluting stent; DM: diabetes

mellitus; HTN: hypertension; LVEF: left ventricular ejection fraction; MI: myocardial infarction; SA: stable angina; SI: silent ischemia; UA: unstable angina.
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Table3. Leison characteristicsof theincluded studies.

ISR lesions Lesion Previous stent
Study Group RVD,mm MLD, mm DS% length, Diameter, Length,
LM LAD LCA RCA VB
mm mm mm

Alfonso F, DEB - 37%  22%  39% 2%  2.64+060 1.02+040 61+14 13.7+7.0 - 19+6
etall” DES - 39%  23%  34% 3%  2.64+0.60 093+£040  65+13 13.8+6.0 - 18+6
Alfonso F, DEB - 50%  18%  28% 4%  2.58+0.50 0.79+040 < 69+17 104+5.6 - 21+7
etal ™ DES - 46% 2%  29% 3%  255+050 0.75+040  72+15 10.7+5.4 - 21+7
PlevaL, DEB - 47.3% - 297% 14% 2.64+047 092+045 71.8+139 - 3184043 22.65+11.70
etal.™ DES - 54.1% - 297% 27% 2.66+045 0.79+048 78.0x13.4" - 320041 1939+927
Adriaenssens T, DEB 0%  24%  20%  52% 4%  3.00+£048 098+0.60 67.7+184 - - 20+ 10
etal.l' DES 4%  44% 28% 24% 0%  2.85+£044 0.57+£037 794x135 - - 1849
Baan J Jr., DEB - 41% 0%  37% 0.7% 256+043 0.77+033 697118 - 33+09  224+44
etal 2 DES - 39%  0.7% 35% 14% 259+0.54 0.79+035 69.3+125 - 29+1.1  221+86
Wong YTA, DEB 0%  558% 151% 279% 12% 285+050 0.63+040  77+17 18.1+9.7 - -
etal.?! DES 23% 60.5% 12.8% 244% 0% 3.06+045 063+042 79+13  174+114 - -

Data are presented as means = SD or %. "P < 0.05. DEB: drug-eluting balloon; DES: drug-eluting stent; DS: diameter stenosis; ISR: in-stent restenosis; LAD:

left anterior descending artery; LCA: left circumflex artery; LM: left main coronary artery; MLD: minimum lumen diameter; RCA: right coronary artery; RVD:

reference vessel diameter; VB: vein bypass.

3.2 Angiographic outcomes

Six trials reported the angiographic follow-up of MLD,
DS%, LLL, and BR. There were significantly less MLD and
more DS% with DEB compared to DES (MLD: MD =
—0.18, 95% CI: —0.31-—0.04, P < 0.001; DS%: MD = 5.68,
95% CI: 1.00-10.37, P < 0.001), with significant heteroge-
neity (MLD: I> = 64.6%, P = 0.015; DS%: I = 71.8%, P =
0.003) across the studies (Figures 2 & 3, Table 4). However,
there were no significant differences in angiographic out-
comes of LLL and BR between DEB and DES for the

treatment of BMS/DES-ISR (LLL: MD = —0.07, 95% CI:
—0.25-0.11, P =0.139; BR: HR = 1.27, 95% CI: 0.73-2.22,
P = 0.229), with significant heterogeneity (LLL: I* = 86.1%,
P < 0.001; BR: I = 53.9%, P = 0.055) among the trials
(Figures 4 & 5, Table 4).

3.3 Oneyear clinical outcomes

Six trials reported the outcome of TVR, five trials showed
the outcome of MI, and four trials presented one-year inci-
dences of all-cause death, MACE and TLR. Overall, when
all the studies were pooled in the meta-analysis, there were

%

Study Weight
ID . WMD (95% CI) 1-V)
Alfonso F, et al."" —.— -0.35(-0.52,-0.18) 19.15
Alfonso F, et al'® —+—1— —0.23 (-0.38, -0.08) 26.54
Pleva L, et all'” 0.02(-0.22,026) 943
Adriaenssens T, et al.l'%] I —-0.08 (-0.35,0.19)  7.68
Baan J Jr., et al.®" —+— -0.03 (=0.17,0.11)  29.78
Wong YTA, et al.! -0.39 (<0.66, -0.12) 7.42

; 0.17 (-0.25,~0.10) 100.00

[-V Overall (I-squared = 64.6%, P =0.015)
D+L Overall

-0.18 (-0.31, -0.04)

T
—0.665

0

T
0.665

Figure 2. Forest plot for minimal luminal diameter of DEB and DES group (DEB vs. DES). DEB: drug-eluting balloon; DES:

drug-eluting stent.
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Study
ID

Alfonso F, et al.'"

Alfonso F, et al '®

%

Pleva L, et al "

Adriaenssens T, et al.!'%]

Baan J Jr., et al >

Wong YTA, et al >

[-V Overall (I-squared = 71.8%, P = 0.003)
D+L Overall

Weight

. WMD (95% CI) (1-V)
—*— 12.00 (6.71,17.29) 19.88
—"*— 7.00 (2.09,11.91)  23.11
~4.70 (-12.27,2.87) 9.72
520(-3.52,13.92) 7.32
——*—— 230 (-1.88,6.48) 31.87
> 12.00 (3.72,20.28) 8.11

<> 5.63(3.27,7.99)  100.00

<> 5.68 (1.00, 10.37)

T
-20.3

0

T
20.3

Figure 3. Forest plot for diameter stenosis of DEB and DES group (DEB vs. DES). DEB: drug-eluting balloon; DES: drug-eluting

stent.

Table4. Summary estimatesfor angiography outcomes of DEB and DES group (DEB vs. DES).

Test of association Heter ogeneity analysis

Outcome n

MD (95% ClI) 4 P-value Mode Q-value P-value 12
Overall
MLD 6 —0.18 (-0.31——0.04) 4.46 <0.001 R 14.13 0.015 64.6%
DS% 6 5.68 (1.00-10.37) 4.68 <0.001 R 17.75 0.003 71.8%
LLL 6 —0.07 (—0.25-0.11) 2.61 0.139 R 3591 <0.001 86.1%
BR’ 6 1.27 (0.73-2.22) 1.20 0.229 R 10.84 0.055 53.9%
BMS
MLD 3 —0.15 (-0.39—0.09) 3.10 0.002 R 6.84 0.033 70.7%
DS% 3 4.40 (-5.91-14.72) 3.16 0.002 R 12.64 0.002 84.2%
LLL 3 —0.06 (—0.35-0.24) 0.45 0.656 R 13.05 0.001 84.7%
BR’ 3 1.02 (0.33-3.17) 0.40 0.689 R 4.40 0.111 54.5%
DES
MLD 2 —0.27 (-0.39—0.14) 4.04 <0.001 F 1.02 0.313 1.7%
DS% 2 8.30 (4.08-12.52) 3.85 <0.001 F 1.04 0.309 3.5%
LLL 2 0.04 (-0.14-0.23) 1.13 0.261 R 2.26 0.133 55.7%
BR’ 2 2.05 (1.19-3.54) 2.58 0.010 F 0.83 0.362 0.0%

"Risk ration was used. BMS: bare-metal stent; BR: binary restenosis; DEB: drug-eluting balloon; DES: drug-eluting stent; DS: diameter stenosis; F: fixed; LLL:

late lumen loss; MD: mean difference; MLD: minimum lumen diameter; R: random.

no significant differences in one-year outcomes of all-cause
death, MACE, and MI between DEB and DES for the treat-
ment of BMS/DES-ISR (all-cause death: RR = 1.28, 95%
CI: 0.49-3.31, P = 0.611; MACCE: RR = 1.26, 95% CI:
0.85-1.87, P = 0.255; MI: RR = 1.01, 95% CI: 0.47-2.19,
P =0.980; TVR: RR = 1.36, 95% CI: 0.92-2.00, P = 0.122),
with no significant heterogeneity (all-cause death: I> = 0%,
P =0.427; MACE: I* =42.3%, P =0.158; MI: I = 0%, P =
0.745; TVR: I = 48.0%, P = 0.087) for the outcomes across

the trials (Figure 6, Table 5). However, DEB was associated
with a significant increase in TLR (RR = 2.93, 95% CI:
1.50-5.72, P = 0.002), with no heterogeneity (I* = 0%, P =
0.426) across the studies (Figure 6, Table 5).

34 Subgroup analysis

In subgroup analyses performed by ISR type for an-
giographic outcomes, there were remained no differences
between DEB and DES in terms of LLL (Table 4), DEB
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%

Study Weight
ID WMD (95% CI) (1-V)
Alfonso F, et al." —_—— 0.10 (-0.04,024)  19.53
Alfonso F, et al.'¥ R — 0.12(-0.01,025)  22.17
PlevaL, et all"” i ~0.35(=0.56, -0.14) 9.28
Adriaenssens T, et al.'! I 0.08 (-0.18, 0.34) 5.68
Baan J Jr., et al *°! —_ : -0.28 (-0.39,-0.17) 34.23
Wong YTA, et al.*! ~0.07 (-0.28,0.14)  9.11
I-V Overall (I-squared = 86.1%, P = 0.000) <> ~0.08 (-0.15,-0.02) 100.00
D+L Overall -<::>- ~0.07 (~0.25,0.11)

T
-0.557

S

T
0.557

Figure4. Forest plot for latelumen loss of DEB and DES group (DEB vs. DES). DEB: drug-eluting balloon; DES: drug-eluting stent.

%

Study Weight
ID RR (95% CI) (M-H)
Alfonso F, et al." 1.98(0.62, 6.35)  6.55
Alfonso F, et al.'¥ ——— 1.81(1.00,3.27) 2435
Pleva L, et al."” — = 0.45(0.18,1.12)  21.34
Adriaenssens T, et al.l'°! > 2.00(0.20,20.49) 1.63
Baan J Jr., et al.® —— 0.90 (0.55, 1.48) 4278
Wong YTA, et al.! 3.79.(0.86, 16.66)  3.35
M-H Overall (I-squared = 53.9%, P = 0.055) <::> 1.21(0.89, 1.66)  100.00
D+L Overall <::> 1.27(0.73,2.22)

T T

0.0488

1

20.5

Figure 5. Forest plot for binary restenosis of DEB and DES group (DEB vs. DES). DEB: drug-eluting balloon; DES: drug-eluting

stent.

continued to have a significantly less MLD, regardless of
ISR type (Table 4). However, there were higher risk of BR
and a significantly more DS% with DEB versus DES only
in DES-ISR group (BR: RR =2.05, 95% CI: 1.19-3.54,P =
0.010; DS%: MD = 8.30, 95% CI: 4.08-12.52, P < 0.001),
and no significant difference in BMS-ISR group (BR: RR =
1.02, 95% CI: 0.33-3.17, P = 0.689; DS%: MD = 4.40, 95%
CI: —=5.91-14.72, P = 0.002) (Table 4). In subgroup analyses
performed by ISR type for one-year clinical outcomes, there
was no difference between DES and DEB for treatment of
BMS-ISR in terms of all-cause death, MACE, MI, TVR and

TLR (Table 5). However, the results of our analysis showed
that DEB were associated with higher risks of MACE, TVR,
and TLR only in DES-ISR group (MACE: RR = 1.71, 95%
CL: 1.02-2.87, P = 0.043; TVR: RR = 2.16, 95% CI:
1.18-3.94, P =0.012; TLR: RR = 3.14, 95% CI: 1.45-6.80,
P =0.004) (Table 5).

3.5 Publication bias

We constructed funnel plots and carried out Begg’s rank
test and Egger’s linear regression test to assess whether
publication bias affected the results of the studies. We found
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Study %
ID RR (95% CI)  Weight
Death

Alfonso F, et al.' —t— 8.91(0.49, 163.15) 6.76

Alfonso F, et al."¥ —_—— 0.75(0.17,3.32)  53.59
Adriaenssens T, et al "% + 1.04 (0.07, 15.73) 13.17
Baan J Jr., et al ) —— 0.51(0.05,5.61)  26.49
Wong YTA, et al.1*! (Excluded) 0.00
Subtotal (I-squared = 0.0%, P = 0.427) L 1.28 (0.49,3.31)  100.00
MACE

Alfonso F, et al ' —_—— 1.32(0.48,3.66)  15.47
Alfonso F, et alI'® —— 1.76 (0.99, 3.12)  40.91
Pleva L, et al " —_— 0.54(0.23,1.27)  33.35
Wong YTA, et al? —_— 1.50 (0.44,5.13)  10.26
Subtotal (I-squared = 42.3%, P=0.158) <> 1.26 (0.85,1.87)  100.00
MI

Alfonso F, et al'" _— (0.17,3.23)  26.06
Alfonso F, et al.I'®! —_— (0.50, 12.77)  12.92
Pleva L, et al " (0.06, 15.66) 6.48

0.74
2.52
1.00
0.35 (0.01,8.12) 9.53
0.77
0.33
0.88

Adriaenssens T, et al 'l —o—
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Figure6. Forest plot for one-year clinical outcomes of DEB and DES group (DEB vs. DES). DEB: drug-eluting balloon; DES: drug-
eluting stent; MACE: major adverse cardiac events; MI: myocardial infarction; RR: risk ratio; TLR: target lesion revascularization; TVR:

target vascular revascularization.

no evidence of funnel plot asymmetry across the studies
(Figure 7), and the Begg’s rank test and Egger’s linear re-
gression test was not significant for the outcomes studied
(not shown).

4 Discussion

To the best of our knowledge, this is the largest meta-
analysis, as including a total of six randomized clinical trials
with 1177 BMS/DES-ISR patients compared the clinical
efficacy of DEB with new-generation DES in treatment of
BMS/DES-ISR. The results of this analysis indicated that
DEB was associated with a significant increase in TLR.
Meanwhile, there were significantly less MLD and more
DS% with DEB compared to those treated with new-ge-
neration DES. However, DEB was associated with higher
risks of MACE, TVR, TLR, BR, and more DS% only in

DES-ISR group, not in BMS-ISR group. The results proved
that DEB and new-generation DES have the similar clinical
efficacy for the treatment of BMS-ISR. However, the
new-generation DES showed better one-year clinical out-
comes and angiographic results for the treatment of
DES-ISR.

Numerous treatment technologies have been developed
for ISR patients. These technologies included balloon an-
gioplasty, BMS, cutting or scoring balloon, rotational ath-
erectomy and intravascular brachy therapy. However, the
re-ISR remains a major problem with unsatisfactory clinical
outcomes. The underlying mechanical factors of ISR is far
more complex, which not only including neointima, vessel
and lesion factors, such as hypocellular neointima, neointi-
mal disruptions, lipid-laden neointima, but also including
procedural factors, such as inadequate stent expansion and
stent malapposition.”>?”) DES could significantly reduce

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



GAO L, et al. Management of in-stent restenosis: an updated meta-analysis of randomized studies 455

Table5. Summary estimatesfor one-year clinical outcomes of DEB and DES group (DEB vs. DES).

Test of association Heterogeneity analysis

Outcome

RR (95% CI) z P-value Model Q-value P-value 1?
Overall
Death 4 1.28 (0.49-3.31) 0.51 0.611 F 2.78 0.427 0.0%
MACE 4 1.26 (0.85-1.87) 1.14 0.255 F 5.20 0.158 42.3%
MI 5 1.01 (0.47-2.19) 0.03 0.980 F 1.95 0.745 0.0%
TVR 6 1.36 (0.92-2.00) 1.55 0.122 F 9.61 0.087 48.0%
TLR 4 2.93 (1.50-5.72) 3.15 0.002 F 2.78 0.426 0.0%
BMS
Death 2 3.71 (0.61-22.43) 1.43 0.154 F 1.19 0.275 15.9%
MACE 2 0.79 (0.42—-1.49) 0.74 0.460 F 1.74 0.187 42.6%
MI 3 0.69 (0.21-2.26) 0.61 0.543 F 0.26 0.877 0.0%
TVR 3 0.81 (0.26-2.52) 0.75 0.456 R 4.11 0.128 51.3%
TLR 2 1.86 (0.17-20.56) 1.25 0.210 R 2.35 0.125 57.5%
DES
Death 1 0.76 (0.17-3.32) 0.37 0.710 - - - -
MACE 2 1.71 (1.02-2.87) 2.02 0.043 F 0.05 0.816 0.0%
MI 1 2.52(0.50-12.77) 1.11 0.266 - - - -
TVR 2 2.16 (1.18-3.94) 2.50 0.012 F 0.71 0.398 0.0%
TLR 2 3.14 (1.45-6.80) 2.90 0.004 F 0.23 0.634 0.0%

BMS: bare-metal stent; DEB: drug-eluting balloon; DES: drug-eluting stent; F: fixed; MACE: major adverse cardiac events; MI: myocardial infarction; R:

random; RR: risk ratio; TLR: target lesion revascularization; TVR: target vascular revascularization.

Funnel plot with pseudo 95% CI

RR

Figure 7. Publication bias by funnel plot. CI: confidence in-
terval; RR: risk ratio.

the occurrence of restenosis in ISR patients, particularly
DES-ISR patients, by the profound inhibitory effect on
neointimal formation.”® DES, however, have several limi-
tations as follows: (1) DES could increase the burden of
multi-metal layers on the vessel wall, which may increase
the risk of ST and bleeding; and (2) the stent exposed to
previous stent may induce chronic inflammation, which can
increase the risk of late stent thrombosis.!"® Thus, another
novel therapy of DEB is developed as an alternative treat-
ment strategy in the treatment of ISR. The most common

DEB in clinical practice is paclitaxel eluting balloon, which
can delivery anti-proliferative agents to a restenotic arterial
segment and do not need to use additional extra layers of
metal stents. There are also some advantages with DEB as
follows: (1) it is more suited to a tortuous or calcified vessel
where could not use stent; (2) it does not need to prolonged
anti-platelet therapies; (3) it could avoid stent overlap; and
(4) the absence of polymers in DEB could inhibit the
chronic inflammation, and thus reduce the risk of late stent
thrombosis.*"!

Currently, several meta-analyses have been performed to
compare the clinical efficacy between DEB and DES in the
treatment of BMS/DES-ISR patients. One previous meta-
analysis identified 2052 DES-ISR patients from three ran-
domized clinical trials and four observational studies to de-
termine the clinical efficacy of DEB compared with DES,
and found that MACE, TLR, MI, stent thrombosis, and car-
diac death were not different between patients treated with
DEB and with DES.”Y However, our meta-analysis indi-
cated that DEB was associated with higher risks of MACE,
TVR, TLR, BR, and more DS% in DES-ISR patients. The
limitations of this previous meta-analysis should not be ig-
nored. Firstly, the angiography outcomes (MLD, DS% and
LLL) were continuous variables, but it extracted the data
with categorical variables and used odds ratios (ORs) to
represent the effects which might not reflect the real effects.
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Secondly, this previous meta-analysis did not enroll the
latest SEDUCE, RESTORE and DARE trials. Another
meta-analysis also showed that there were no significant
differences between DEB and DES in terms of TLR,
MACE, MI and stent thrombosis.”?' However, it did not
include the latest studies, did not research the angiography
outcomes, and did not perform the subgroups of BMS-ISR
and DES-ISR. One meta-analysis by Liou, et al.”” reported
that there were higher TLR and MACE rates with DEB, it
also reported that DEB was associated with inferior in MLD,
higher LLL and a higher BR rate, compared to DES. Our
results indicated that DEB was associated with a significant
increase in TLR, but there were no differences in death,
MACE, MI and TVR. Our meta-analysis also showed that
significantly less MLD and more DS% with DEB compared
to those treated with new-generation DES. The results were
consistent with the research of Liou, et al.*” The following
reasons may explain these results: (1) the new-generation
DES had the mechanical scaffolding, which contributed to
the higher luminal gain and less DS% with DES; (2) the two
methods had different pharmacologies, compared with
everolimus, paclitaxel could induce a higher degree of in-
flammation and thus a greater neointimal thickness in the
vessel;*! and (3) the follow-up time was only one year,
which was too short to observe the different clinical out-
comes, as the clinical outcomes, such as death, MACE and
MI, might present in long-term follow-up. That is why there
were different angiography outcomes, but no significantly
different clinical outcomes were found between the two
groups. Last but not least, DES showed better one-year
clinical outcomes and angiographic results only for the
treatment of DES-ISR. However, there were no significant
differences in BMS-ISR patients between DEB and DES.
The reason may be that different ISR type has different eti-
ologies of ISR. For BMS-ISR, the important factors are
neointimal hyperplasia and stent underexpansion. However,
for DES-ISR, the dominant factor is neoatherosclerosis in
vessel.*¥

4.1 Limitations

There were several limitations in this meta-analysis.
Firstly, the meta-analysis included only six studies enrolling
1177 BMS/DES-ISR patients, 596 patients received DEB
treatment and 581 received DES. The sample size is so
small, which may not have enough statistical power to
properly compare the clinical efficacy of DEB and DES in
BMS/DES-ISR patients. Moreover, the enrolled trials were
stratified by the type of ISR, the sample sizes of the sub-
groups were much smaller, which greatly hampered our
ability to explore effects in these subgroups. Secondly, we

could not obtain the information of individual data of the
included studies, thus we could not assess the baseline,
clinical and lesion characteristics which may influence
clinical outcomes further. Thirdly, the data of this meta-
analysis was based on unadjusted estimates, which could
not eliminate various confounders. Fourthly, the post-pro-
ceduraldual anti-platelet therapy and treatment time for pa-
tients were different. Last but not least, no later time fol-
low-up results were available in the majority of the included
trials, thus limited our analysis to only one-year clinical
outcomes.

4.2 Conclusions

In summary, the results of our meta-analysis demon-
strated that DEB and new-generation DES have the similar
clinical efficacy for the treatment of BMS-ISR. However,
new-generation DES showed more MLD, less DS%, and a
decreased risk of TLR for the treatment of DES-ISR. Addi-
tional well-designed studies that are based on larger sample
sizes and involve patients of different clinical characteristics
are needed to validate these findings.
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