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Abstract

Background: Drug-eluting balloons (DEB) have significant value for treating coronary artery disease (CAD). However,
the merits of using DEB versus drug-eluting stents (DES) to treat CAD remain controversial. Herein, we conducted a
meta-analysis to compare the safety and efficacy of DEB and DES for treatment of CAD.

Methods: We searched MEDLINE, EMBASE, and CENTRAL databases for eligible trials comparing DEB with DES for
treatment of CAD. The primary endpoint was major adverse cardiac events (MACE); the secondary endpoints
included in-lesion late lumen loss (LLL), binary restenosis (BR), myocardial infarction (M), target lesion revascularization

(TLR) and mortality.

Results: Twenty-three trials with a total of 2712 patients were included. There were no significant differences in
the primary endpoint of MACE between the DEB and DES groups (Risk Ratio (RR) 1.19; 95% confidence interval
(C1) (0.87, 1.63); P=0.27), or in the clinical outcomes of each of MACE's components, including TLR, Ml and
mortality. However, efficacy was significantly different between the DEB and DES groups, especially when we
compared DEB to second-generation DES: in-lesion LLL (Mean Difference (MD) 0.11; (0.01, 0.22); P=0.03); binary

restenosis (RR 1.46; (1.00, 2.13); P=0.05).

Conclusions: DEB is equivalent to DES in terms of safety for managing CAD, and DEB may be considered as an

alternative choice for treatment of CAD.
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Background

Coronary interventional therapy has significantly im-
proved the prognosis of patients with CAD [1, 2]. In par-
ticular, the clinical application of drug eluting stents
(DES) has greatly reduced the occurrence rate of in-stent
restenosis (ISR), which is one of the major complications
associated with bare metal stents (BMS) [3]. However,
there are still several DES-linked potential complications,
such as delayed vascular endothelial healing, late and very
late stent malapposition and stent thrombosis, and emer-
ging atherosclerosis [4, 5]. In addition, DES is not effective
at treating some complex coronary artery lesion subsets,
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such as small vessel disease (SVD) (defined as target
vascular lesions at both ends of the reference diameter <
2.75 mm) [6] and bifurcation [7], suggesting that DES is
not optimal for certain CAD. Besides, diabetic patients
with coronary artery stenosis have worse clinical outcomes
including mortality and repeated revascularization which
related to in-stent restenosis and stent thrombosis [8, 9].
Hence, it is imperative to devise a new treatment strategy
which may offer effective treatment while reducing com-
plications for those “difficult” CAD cases.

Based on the above-mentioned limitations of DES,
DEB was designed to avoid insertion of a permanent
foreign object in the blood vessel, and therefore prevent
potential problems caused by DES [10]. DEBs are
coated with a thin mixture of pharmacologically active,
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high dose anti-proliferative drugs on the base of an ordin-
ary balloon. The drugs are transferred to the neointimal
layer of the vascular wall upon a single inflation of the
balloon, which typically takes a maximum of 30-60 s in
coronary intervention [11-13]. To circumvent the elastic
recoil that occurs after DEB inflation, a bare metal stent
(BMS) is subsequently employed [14].

However, the superiority of either DES or DEB for
treating coronary stenosis remains unknown. Therefore,
we performed this meta-analysis to compare the advan-
tages and disadvantages of DEB (in combination with BMS
or as a stand-alone therapy) and DES in the treatment of
CAD and systematically reviewed the safety and efficacy of
DEB in clinical applications.

Methods

Search strategy

Two independent investigators (Lulu Liu and Jiajun Ren)
searched the MEDLINE, EMBASE and CENTRAL da-
tabases. We also considered published review articles,
editorials, and internet-based sources of information
((http://www.tctmd.com), (http://www.europcronline.com)
and (http://www.crtonline.org)) to assess potential infor-
mation on trials of interest. Conferences from the Ameri-
can Heart Association and American College of Cardiology
were reviewed as well. The study was performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines for meta-analyses
of randomized trials [15]. The search end date was
September 4th, 2017. The search keywords were (“drug-
eluting balloon” OR “drug coated balloon”) AND (“drug-
eluting stent” OR “drug coated stent”) AND (“randomized
controlled trial” OR “controlled clinical trial”) NOT
(“popliteal” OR “femoropopliteal” OR “infrapopliteal”
OR “infrainguinal”). The detailed search strategy is shown
in Additional file 1. Trials were limited to human trials.
The selection process was conducted with the titles and
abstracts of all citations to identify potentially relevant tri-
als. Then, the corresponding publications were reviewed
in the full text to assess if trials met the inclusion criteria.
The selection process and data extraction were completed
by the two investigators independently. When there was
no agreement between the two reviewers, a third person
was involved to discuss the situation and make the final
decision.

Selection criteria and interest of endpoints

Trials that had all of the following were included in the
analysis: (1) randomized controlled trials (RCT); (2) sub-
jects in the study had CAD; and (3) the intervention
measure of the study involved DEB and DES. Trials that
had one or more of the following were excluded from
the analysis: (1) non-RCT, such as observational trials or
retrospective trials; (2) incomplete or having statistical
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differences of baseline data; and (3) no available full text.
The primary endpoint was major adverse cardiac events
(MACE). The secondary endpoints were in-lesion late
lumen loss (LLL) (calculated as the difference of in-stent
minimal lumen diameter (MLD) between measurements
immediately after the procedure and at follow-up) [16],
binary restenosis (BR) (defined as diameter stenosis >
50% by quantitative coronary angiography (QCA) at the
follow-up angiogram) [17], and the components of MACE
(myocardial infarction (MI), target lesion revascularization
(TLR), and mortality). Clinical outcomes were considered
safety outcomes, such as MACE and each of its compo-
nents, whereas procedural outcomes, including LLL and
BR, were considered efficacy outcomes.

Data extraction and quality assessment

We extracted study information, such as baseline char-
acteristic data, major endpoints, number of patients, type
of disease, and other related information, from the se-
lected trials, and then summarized the data in a prepared
standardized extraction database (Microsoft EXCEL). We
used the RCT Document Quality Evaluation Criteria
recommended by the Cochrane Handbook 5.1.0 [18] to
assess the quality of included trials based on the following
points: sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, select-
ive outcome reporting and ‘other issues’. A study was
judged using the labels ‘low risk; ‘high risk’ or ‘unclear
risk’.

Statistical analysis

For comparison of the dichotomous and continuous
data, risk ratio (RR) and mean difference (MD) and their
95% confidence intervals (CI) were used as the effect
indicators. Mantel-Haenszel method was used for com-
bining RRs, and the overall MD was built with the in-
verse variance method as recommended [19]. P < 0.05
was considered statistically significant for overall effect.
Statistical analysis was performed using the Review
Manager 5.3 software (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark).
The heterogeneity of the included trials was analyzed
by Chi-squared test and I* statistic based on the
Mantel-Haenszel random-effects model for combining
RRs or Inverse Variance random-effects model for MD.
The test level was set to a = 0.1, in combination with I?
to access the heterogeneity quantitatively, and I* > 50%
was regarded as being indicative of moderate-to-high
heterogeneity [20]. A P value >0.1 suggested that there
was no statistical heterogeneity among the results. We
then used the fixed effect model for meta-analysis, and
P < 0.1 suggested that there was statistical heterogeneity
among the results. In this case, we used the random
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effect model for the meta-analysis [21, 22]. Analyses
were carried out for overall coronary artery conditions
and then stratified by the method of treatments and
type of lesions, or on the basis of factors that may lead
to heterogeneity, such as different generations of DES
and follow-up length. Sensitivity analysis was per-
formed by removing the results of individual trials one
by one to observe the changes in effect size. We used
Begger Funnel plot and Egger tests with Stata (version
12.0) to assess publication bias, with a P value <0.05
was considered statistically significant.

Results

The study flow chart was established using PRISMA
(Fig. 1). The initial search result collected 3013 publica-
tions. By excluding the repetition in the literature and
applying the inclusion and exclusion criteria, 55 full text
papers were reviewed and 23 articles were finally in-
cluded, which included a total of 2712 patients [23-45].
The angiographic follow-up period was 6 to 12 months,
and the clinical follow-up period ranged from 6- to 36-
months. The types of CAD reported in the literature in-
cluded seven simple coronary lesions [23-29], seven ISR

Page 3 of 16

[30-36], two bifurcated lesions [40, 41], two small vessel
disease (SVD) [37, 38], and one diabetes-linked coronary
artery stenosis [39]. All trials were RCT, four of which
were 3-year follow-ups of PEPCAD II [42], BELLO [43],
ISAR-DESIRE 3 [44], and RIBS V [45]. The study popu-
lation included patients who were recruited from the be-
ginning of the study without any abnormal clinical
characteristics, and were only described the clinical data
after 3 years of follow-up. We extracted the number of
patients, the types of DEB and DES, follow-up time, dual
anti platelet therapy (DAPT) duration, and other informa-
tion needed for this analysis from each study. The baseline
characteristic data between the DEB and DES groups are
summarized in Table 1, and more baseline clinical data
are summarized in Additional file 2. There were no signifi-
cant differences between these two groups with regards to
baseline characteristics of the patients. The risk of bias as-
sessment of included trials is shown in Fig. 2.

Primary endpoints

Mace

There was no statistical difference in MACE between
the DEB and DES groups (RR 1.19 (0.87, 1.63); P=0.27,

Records identified through
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(n=2576)

Records after duplicates removed

A 4
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Fig. 1 Search flow diagram




Page 4 of 16

Liu et al. BMC Cardiovascular Disorders (2018) 18:46

S3d SUOIS9)
LE/1€ €e/ee cl ead ‘WAL 'IW Jaye 7l 'g3g eye € (duqI snxe]) S3A SWG Mg +4g3d | Joid 08 uonedINyig A1euoIod [o¥] 210 el=1s
(3N|g X3j0I0D)IUS
wn|uwolyd-1eqod
VN VN 9 VN YN (Swid 3DNIIX)SII + (95e3|d 1U=ND=S)g3d 06 oseasip A1aue A1euoiod [87] 10T Jouls0d
yreap S3Qg laye (uawa3
89/89 69/69 cl JeipieD "YAL ‘IW 71-9'g3q eye ¢ SNWOId)S33 (95e3]d 1USND9S)g3d ot dSI-SWg [7€] 910C er9|d
(3N|g X3J0I0D)IUDS
wnIWoIyD-1eqod SuoIs9| Aleuoiod NOTIgve
97454 97454 IP) ¥ ‘(c1bue)s YL W ‘Yiesg  S3A seYe 7L 'g3g sye € (Sulid 3DN3IX)STI + (3583|d 1U=NDRS)93d 801 pa1e21njig OAOU 9P (1] ¥10z zenbuiyy
wnjuwolyd SISOUIS
VN VN 6 YL Ylesp IW - S3d JsYe 7L ‘g3 aeye € (Swilid 3DNIIX)SI -}eqod + g3d Xein|3 SCl A1euoi0d onou ap [£2] €10z onsiN
(|leamp) S|9SSOA
86/18 6/16 9¢-9 ‘(o1bue) 9 YALIW ‘'Y1ea@  S3Q Jeye 1 'g3g seye | (31eq17 snxe]) S30 g3Q uod[eq [DVI'NI 8l Aeuoio) |lews OT139 [8€] Z10T ghen
|9xenoed pinyy Jo A1oAlRp
|BDO| PaSeg-121941ed
yiesp Jo ‘aInsop AQ pamojjojaueping
VN VN 9 =ndeqns JA YIL 9 (3Weq] snxe]) s3d 'B197Z AUIT-INIA) SING ocl $950U9)s OAOU 2 [97] 600C BapiaH
S3d 49ye 21 'SIng OL1310201d
6¢/SC 8¢/L (l21uIP)6 ‘(01bue) 9 YL ‘IWALS ‘Yresq Joye ¢ ‘g3g eye L (ueqr] snxe]) s3A g3d | ¥oIa 09  S[oss9A Aieuoiod jlews [£€] 010T 3591100
(eN|g xa}yoi0D)
SZ/91 L2/91 6 Yiesp IS IW 1L 6 (1oydAD)s3s SWg + (uneig)gia 49 SUOIS3| OAOU 3 [SZ] #10T 49M9D
yieap (A3l (3N]g $XOYOIOD)SING
el ViYL cl Jeipied N YL 6 91N|0s9Y)S37Z + (3se9]d HIUaNbas)g3a 08l SUOIS3| OAOU 3 [Pl £10T 9eYyD
(led11d) € WISIA-YVSI
L/5yL CLL/6EL 9¢-¢1 ‘(o1bue) 8-9 LI Yesd 9 (9u=qI snxe]) S34 (9seald wsnDas)g3d 89¢ dSI-53d [e€] €10C auIAg
1US1S WNIWOoIYD IWV-g3d
6v/6v 0S/0¢ 9 Yy1esp YAL 'IW ZL (dusqn snxe]) S3A -11eqoo +g3d ¢ 4oId 66 INY [€2] T10C 1wadey|eg
(3N|g X3J0I0D)IUSIS
S3a wiNIWoJyd-1/eqod NG Yyum syusned
6£/8¢ 9744 6 VN Jaye 9 'g3g Jeye ¢ (W=qIT snxe]) S30 + (95e3|d 1USND=S)g3d 78 ul sasous)s Aleuolod Al dvDdad [6€] L10T IV
(le21u12)
¥6/76 S6/56 ¢l ‘(01bue) 6-9 YN S3dJeye ¢l 'g3g eye € (sullid 3DN3IX)S3T (9ses|d WanDR%)g3d 631 dSI-SWE - A SAIY [2€] #710¢ 0Suoyy
(le211)
SSL/SSL PSL/PSL 9¢-¢1 ‘(o1bue -9 VYN S3QJeye L ‘g3deye ¢ (Puild IDONIIX)SII (9se3]d WLNDRS)d3d 60¢ HS-S3a Al S [LE] G10T osuoly
(euwind EBINICEN
S¢/SC Gz/ST (jedwip) ¢l ‘(oibue) 6 VN VN /A 3DNFIX)ST3 (95e3]d 1USND9S)g3d 0S dSI-SWg [0€] ¥10C susssuselpy
Sad E(@ Sad (SWa+Hg3a
(suolsal/u) syuaned
uonele|ip -aid (syw) dn-mojjo4 IOVIN (S1W) 1 dva SINP Jo adAl  Jo ON a5easi(g Apnis

S|ell papnpul JO SDSIIdRIRYD uljsseg | jqel



Page 5 of 16

Liu et al. BMC Cardiovascular Disorders (2018) 18:46

yieap SINg SUOIS3)

VN VN 6 JeipieD "YAL ‘IW 7l (9sesld xooi0D)S3a + (9sea]d snbag)gid c0¢ Aleuo10> oAU Op [62] 510T Msmoxeinz

(lea1u12) Yiesp Ysl euyd

80l/Z0L €ll/TLlL 71 ‘(o1bue) 6 deipied YL W ¢l (Weqr7 snxe]) S3@ (9se3]d WaNDR%)g3d Sle dSI-s3a Qav2did [9€] ¥10z nX

SISOQUIOIY]

(le21d) R3S ‘Yresg S3d Il dvDd3id

59/59 99/99 9¢—¢1 ‘(o1bue) 9 Jeipied YL W Jaye 9 'g3g Jee ¢ (W=qIT snxe]) S30 (95e3|d UaNDAS)g3d Lel dSI - [S€] 600 USgiopisAuN
(suolsal/u) syuaned

uonele|Ip -aid (s3w) dn-mojjo4 IOVYW (s3u)14va sodIA9p Jo 2dA]  Jo 'ON 958351 Apnig

(panupuod) sjel1 papN|dUL JO SJIISHISIdRIRYD BUljaseg | djqel



Liu et al. BMC Cardiovascular Disorders (2018) 18:46

Page 6 of 16

Adriaenssens 2014

Alfonso 2014

Alfonso 2015

Alfonso 2016

Ali 2011

Belkacemi 2012

Byrne 2013

Chae 2017

Clever 2014

Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) _:,

Blinding of participants and personnel (performance bias) I:_
Blinding of outcome assessment (detection bias) _.

Cortese 2010

Herdeg 2009

Kufner 2015

Latib 2012

Latib 2015

Liistro 2013

Incomplete outcome data (attrition bias) I

Minguez 2014

Pleva 2016

Selective reporting (reporting bias) I

Other bias I

Stella 2012

|
| Poemer 2014
|

L ben 2009

0% 5%  50%

5% 100%

Unverdorben 2015

[ Low risk of bias [ unclearrisk of bias

B High rsk of bias

Xu 2014

NNV B D OO OB D OB O ®|®| @ |Rendomsequence generation (selection bias)
@ 2@ ~29~> PP OO ® -~ ® O S ~|~|~[~|=Alocation conceament selecton bias)
000 -00--~~000 -~ ~0~~0 @ O ®)iudingo patiipants and personel (performance bias)

9000000060006 O O OO ® >~ ®® ® ® - bindgolouomsssesmet detonbis)

doded»doo-o-)-eedo-o-ooweoe.lmmﬂetomnwmdata(amiionbias)
-oco-a-:c-eddaodeddecoceod.wmmponhg(mﬂngblas)

N W || N N[N [N NN | NN NN~~~ ]| ||~~~ |Otherblas

i 2015

Fig. 2 Risk of Bias Assessment. a Risk of bias graph; b Risk of bias summary

I = 48%). Comparable results were also shown in the
DEB subgroup compared to the first-generation DES
(RR 1.05 (0.74, 1.47); P =0.80, I*> = 34%) and DEB versus
the second-generation DES group (RR 1.47 (0.80, 2.72);
P=0.22, I*=61%) (Fig. 3). Another subgroup analysis of
DEB versus DES in the treatment of de novo coronary
diseases also showed no favorable MACE profile in the
DES group (RR 1.35 (0.84, 2.16); P =0.22, I =49%). In
addition, no difference in the ISR subgroup (RR 1.05
(0.68, 1.63); P =0.82, 1% = 54%) was observed between the
DEB and DES groups (Fig. 4).

Secondary endpoints

LLL (in-lesion)

Compared to the DES group, the DEB group had a sig-
nificantly larger LLL (MD 0.11 (0.01, 0.22); P=0.03, I* =
85%) (Fig. 5). However, there was no difference between

the DEB group and the first-generation DES group (MD
0.09 (- 0.06, 0.25); P = 0.23, I* = 85%). In addition, a sub-
group analysis of DEB versus DES in de novo coronary
diseases showed significant superiority of DES in LLL re-
duction, with high statistical heterogeneity across trials
(MD 0.21 (0.07, 0.35); P = 0.004, I = 86%). Nevertheless,
DEB presented similar efficacy in terms of ISR subgroup
compared to the DES group (MD -0.03 (- 0.17, 0.11); P
=0.67, I* = 77%) (Fig. 6).

Br

The difference between the DEB and DES groups was
statistically significant with regards to the incidence of
BR (RR 1.46 (1.00, 2.13); P = 0.05, I? = 53%). The second-
generation DES group was significantly different com-
pared to the DEB group (RR 2.16 (1.02, 4.54); P =0.04,
> =58%). However, in the first-generation DES group,
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Fig. 3 Forest plot of MACE. 3.1.1: DEB vs. first-generation DES; 3.1.2: DEB vs. second-generation DES
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the incidence of BR was similar to that of the DEB group
(RR 1.17 (0.77, 1.77); P = 0.46, 1% = 42%) (Fig. 7).

TLR
There was no significant difference in TLR between
the DEB and DES groups, with moderate statistical

heterogeneity (RR 1.32 (0.88, 1.99); P =0.18, 1 =51%).
The TLR occurrence rate in the first-generation DES
group (RR 1.17 (0.74, 1.83); P=0.50, I*=43%) and
second-generation DES group (RR 1.65 (0.70, 3.90); P
=0.25, I* =62%) were both comparable to that of the
DEB group (Fig. 8).
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Fig. 4 Forest plot of MACE. 3.2.1: de novo coronary disease; 3.2.2: ISR
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Fig. 6 Forest plot of LLL (in-lesion). 4.2.1: de novo coronary disease; 4.2.2: ISR
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in the subgroup analysis of the first-generation DES
group (0.75 (0.34, 1.64); P=047, I>=0%) and the
second-generation DES group (RR 1.44 (0.62, 3.35); P =
0.40, 1> = 0%) compared to the DEB group, respectively
(Fig. 10).

Long-term follow-up

PEPCAD II, BELLO, ISAR-DESIRE 3, and RIBS V were
published in the third year of follow-up, while Minguez’
study [41] was published in the second year of clinical
follow-up. Thus, we extracted and conducted the ana-
lysis of the meaningful data such as MACE, TLR, M],
and mortality of these studies, and the results showed
that the long-term safety was comparable between the
DEB and DES groups: MACE (RR 0.91 (0.62, 1.34); P =
0.64, I*=56%); MI (RR 1.15 (0.54, 2.46); P=0.71, I =
0%); mortality (RR 0.78 (0.31, 1.98); P=0.61, I = 56%);
and TLR (RR 1.26 (0.59, 2.68); P=055 I”=65%)
(Fig. 11).

Sensitivity analysis

After eliminating the included trials one by one, the re-
sults did not significantly change when the effect size of
each endpoint was pooled together.

Publication bias test

The Egger test showed no evidence of significant publi-
cation bias in the present meta-analysis, according to
LLL (in-lesion) (P=0.122) and MACE (P=0.991). The

funnel plots of the primary endpoints were symmetrical,
further suggesting that there was no publication bias in
this meta-analysis (Fig. 12).

Discussion
A major goal of this meta-analysis was to evaluate the
safety and efficacy of DEB (+/-BMS) for treatment of all
types of CAD. The main findings of this meta-analysis
are summarized as follows: 1) Overall, DEB demonstrated
a similar safety profile in the primary outcome of reducing
MACE risk and other clinical outcomes, including TLR,
MI and mortality, compared to the DES group (regardless
of first-generation or second-generation DES); 2) There
was a favorable efficacy of reducing LLL and BR at 6 to
12 months angiographic follow-up shown in the DES
group, especially in the second-generation DES subgroup;
3) DES was more efficacious in treating de novo coronary
diseases, but DES exhibited equivalent efficacy in the
treatment of ISR compared to DEB; 4) Analysis of long-
term follow-up showed no significant difference between
DEB and DES when considering MACE, MI, mortality,
and TLR. The present study suggests that DEB may be as
efficacious and safe as the first-generation DES, and DEB
may also be beneficial with regards to safety concerns
compared to the second-generation DES. However, larger
trials are needed to confirm these findings.

Despite the significant advances in DES treatment of
CAD, some complex vessel lesions such as SVD and bi-
furcation lesions, which account for 15% - 18% of CAD,
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are usually accompanied by a high incidence of ISR and
often lead to a high probability of revascularization.
Many patients with CAD have diabetes, and the vessel
lesions in these patients are usually widespread and exten-
sive. In terms of ISR, DES adds an extra layer of struts that
could narrow the lumen, and may complicate further
development of ISR. However, the Treatment of In-
Stent Restenosis by Paclitaxel-Coated Balloon Catheters
(PACCOCATH ISR) study, which was the first to apply
DEB in humans for ISR treatment [46], showed that
DEB was significantly better at reducing ISR compared
to the plain old balloon angioplasty (POBA), indicating
that DEB could be effective at treating CAD. Due to its
highly lipophilic property, paclitaxel is currently widely
used in DEB for percutaneous coronary intervention
(PCI) [14]. DEB can deliver higher paclitaxel doses (300
to 600 pg) compared to DES struts (100 to 200 pg), the
latter of which commonly covers only 20% of the in-
jured vessel wall. Therefore, a larger DEB surface area
guarantees more uniform drug delivery to the vascular
wall [47]. Recent studies suggested that DEB improved
coronary blood supply and vascular function when used
to treat severe CAD [48, 49]. Moreover, DEB is more
advantageous than DES in terms of homogenous drug
application, extensive contact area, absence of stent
strut, reducing inflammation and risk of thrombosis,
and shortening endothelial healing time [50].

Previous studies have presented inconsistent conclu-
sions regarding DEB compared to DES for coronary artery
lesions [47, 51-53]. The present meta-analysis showed
that the efficacy of DEB was inferior to DES. However, the
diabetic coronary stenosis in Ali’'s study [39] and the de
novo coronary stenosis in Zurakowski’s study [29] were
not statistically different with regards to clinical and
angiographic outcomes after 9 months of treatment.
Furthermore, Latib et al. [38] reported that that DEB
was better than DES for treatment of SVD patients with
diabetes, and that DEB generally obtained similar favor-
able therapeutic effects on small vessel lesions compared
to DES. Sinaga et al. [48] also reported that DEB-only
angioplasty delivered good clinical outcomes after 1 year
of treatment, which were comparable with DES-treated
SVD patients. In addition, Naganuma’s study [54] retro-
spectively investigated the safety of DEB compared to the
second-generation DES for treating ISR involving bifur-
cated lesions. This study also showed that DEB may be an
acceptable treatment option with similar incidences of
MACE in the two groups.

The lack of efficacy may originate from various factors.
One possible reason accounting for DES’s superiority
over DEB may be that the pre-dilation with a conven-
tional balloon was not sufficient in the DEB group and
that only early-generation DEB was used. Theoretically,
prior to the use of DEB, non-coated semi-conformable
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balloon (balloon to vascular ratio of 0.8—1.0, expansion
pressure higher than normal) treatment of lesions could
facilitate the transfer of drugs from the balloon to the
vessel wall [33]. Current guidelines mandate that the
stenosis should first be adequately dilated with a normal
balloon angioplasty to ensure the deliverability of DEB
to the site of the treated segment [39]. Although pre-
dilation with a conventional balloon catheter was com-
monly used prior to DES deployment, pre-dilation before

the use of DEB differed among trials and was usually in-
sufficient. It is not clear in our meta-analysis if this differ-
ence was due to the method of balloon deployment. More
clinical trials with a large cohort are needed to further cor-
roborate this observation.

Another possible explanation for the findings may be
the technique and excipient used on the balloon, which
failed to guarantee sufficient drug transfer to the vessel
wall. A recent study compared various DEBs in a
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porcine model and showed that drug concentration in
the vessel wall was much higher with the use of DIOR-II
DEB than the DIOR-I, demonstrating that effective ex-
cipients are necessary to accomplish successful balloon fa-
cilitated paclitaxel delivery. The present study showed that
DEB was as efficacious and safe as the first-generation
DES, which led to an assumption that DEB may achieve
better results because of improved techniques and excipi-
ents, such as employing new biocompatible polymer
coatings.

Other justifications of the above findings include: 1)
Paclitaxel released by DEB might not be able to supply
powerful intimal response because of its single “shot”
approach. However, it has been demonstrated that the
amount of paclitaxel transferred to the vessel wall was
still in a bio-effective range after 7 days following bal-
loon inflation [55]; 2) The experimental group included
DEB with BMS, which may lead to a geographical mis-
match between the DEB-treated area and BMS implant-
ation. However, stent length was always inferior to the
segment treated with DEB, and we did not observe any
evidence of geographical mismatch among these studies;
3) There may be higher neointimal hyperplasia in the
DEB group. An IVUS substudy of the PEPCAD III [56]
confirmed higher neointimal hyperplasia in the DEB +
BMS group. However, a DEB-AMI study [23], which
conducted OCT analysis, showed a reduction of neointi-
mal hyperplasia in the DEB group. The present study
showed no difference in the reduction of clinical events
between DEB and DES, which may need to be further
validated.

PEPCAD 1I [42], BELLO [43], ISAR-DESIRE 3 [44],
and RIBS V [45] were published in the third year of fol-
low-up, and Minguez’s study reported data at 24 months
clinical follow-up. Thus, the results of MACE, TLR, M],
and mortality extracted from the above studies were

statistically analyzed. The DEB and DES groups were not
significantly different in long-term safety. However, the
population included in this meta-analysis was too small to
draw a definitive conclusion regarding safety. Thus, there
is an imperative need for longer and larger-scale clinical
trials to evaluate long-term effects of DEB. The sample
size and power of the current analysis were not adequate
to evaluate rare outcomes such as death and ST.

Nevertheless, DEB still had the following advantages
over DES: (1) avoiding overlap of the 2-layer or even 3-
layer stent and thus reducing the negative effects on
coronary anatomy; (2) evenly transporting the drug to
the vascular wall, subsequently diminishing delayed en-
dothelialization caused by the heterogeneous distribu-
tion of the stent strut; (3) having no polymer, thus not
inducing late thrombosis; and (4) reducing the duration
of DAPT. Therefore, in clinical practice, DEB is an al-
ternative option for treatment of some CAD, such as
SVD, anatomical curved vessels, diffuse long lesions,
and bifurcation lesions, when DES is not appropriate.
Thus, we believe that, if used properly with the correct
operation procedures, DEB could be an optimal choice
for CAD treatment, especially for patients who require
shorter double antiplatelet therapy or have bleeding
tendencies. Still, a considerable number of studies are
needed to provide solid evidence to support the re-
placement of DES by DEB in treatment of SVD and
other difficult CADs.

Limitations

Trials that were included in this study compared DEB
with DES in a variety of patients with different types of
CAD; the high degree of statistical heterogeneity raised
the question of suitability in pooling these trial data, and
thus our results in the overall CAD group should be
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interpreted with caution. Also, the types of DEB or DES
used in the included trials were inconsistent, which may
be a cause of heterogeneity. However, when we carried
out sensitivity analysis, the combined effect of the amount
showed no significant changes.

Outlook

First-generation DES was reported in a majority of the
trials included in this meta-analysis. However, the new-
generation DES, with thin strut stent platforms, increased
biocompatibility and durability, or biodegradable polymers
and limus-based antiproliferative agents, has higher effi-
cacy and safety compared to old versions of DES, as evi-
denced by 10-20% reduction in repeat revascularization
[57, 58]. Thus, application of new-generation DES in treat-
ment of CAD may obtain better clinical outcomes. Mean-
while, due to good experience of these drugs used in DES
technology, the development of limus-based DEB cathe-
ters is of great interest. For instance, zotarolimus and siro-
limus DEBs have been developed and tested in pigs with
peripheral artery diseases, although they have not been in-
vestigated in humans [25, 59]. Cremers and colleagues re-
ported encouraging data with a novel zotarolimus-coated
balloon [60]. In order to overcome problems caused by
the long-term presence of stents in the blood vessels, bio-
degradable biological stents (bioresorbable scaffold, BRS)
were designed. However, the thicker platform of these
DES stents, ease of breaking, and increased tendency for
the coated polymer to cause endothelium inflammatory
proliferation have limited the application of BRS [61]. The
CENTURY I trial [62] compared the effects of BRS and
EES on SVD, and suggested that BRS had effects compar-
able to those of DES within a 12 month follow-up period.
As a result, BRS, which will likely be thinner with future
development and have a stronger brace and a faster deg-
radation process, may offer better clinical outcomes. How-
ever, the current evidence does not support BRS; available
evidence showed increased risk of TLR, MACE, and ST
with BRS [63].

Conclusions

From this meta-analysis, we conclude that DEB is com-
parable to DES in terms of clinical outcomes, and even
offered a comparable or even better outcome compared
to DES after a 3-year follow-up period, suggesting that
DEB is at least as safe as DES. However, larger RCTs are
required to assess hard clinical outcomes, such as death,
MI or ST, with adequate power.
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