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Abstract

Introduction: Data regarding the duration of dual antiplatelet therapy (DAPT) in patients with drug-eluting stent restenosis
(DES-ISR) treated with percutaneous coronary intervention (PCl) and drug-eluting balloons (DEB) or DES are not unambiguous.

Aim: To evaluate the relationship between long-term outcomes and the length of DAPT in patients treated with PCl due to
DES-ISR with DEB or DES.

Material and methods: Overall, a total of 1,367 consecutive patients with DES-ISR, who underwent PCl with DEB or DES be-
tween 2008 and 2019 entered the study. The mean length of the follow-up was 1,298.7 +794 days. We assessed study endpoints
according to the duration of DAPT (< 3 vs. > 3 and < 6 vs. > 6 months) before and after propensity score matching (PSM): stroke,
target lesion revascularisation (TLR), target vessel revascularisation (TVR), myocardial infarction (MI), death and device oriented
composite endpoints (DOCE). Kaplan-Meier estimates were created to differentiate long-term outcomes.

Results: Pairwise contrast analysis considering type of PCI (DES vs. DEB) and duration of DAPT (< 6 vs. > 6 months) before PSM
revealed superiority of DES + DAPT > 6 months vs. DEB + DAPT > 6 months for DOCE (p < 0.001), TVR (p = 0.02) and TLR (p = 0.01).
Also, DES + DAPT < 6 months was found to be superior compared to DEB + DAPT < 6 months for DOCE (p < 0.001), TVR (p = 0.02)
and TLR (p = 0.01). Kaplan-Meier estimate analysis confirmed that DAPT > 6 months is related to a higher stroke rate (p = 0.01)
when compared to < 6 months.
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Conclusions: Treatment with DAPT in patients with DES-ISR is related to better long-term outcomes in the case of PCl with DES
than DEB. DAPT > 6 months is related to the greater rate of strokes, independently of the type of treatment (DES and DEB) than

DAPT < 6 months.
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Summary

Data regarding the duration of dual antiplatelet therapy (DAPT) in patients with drug-eluting stent restenosis (DES-ISR)
treated with percutaneous coronary intervention (PCl) and drug-eluting balloons (DEB) or DES are not unambiguous. In the
current study we evaluated a total of 1,367 consecutive patients with DES-ISR, who underwent PCI with DEB or DES. Treat-
ment with DAPT in patients with DES-ISR was related to better long-term outcomes in the case of PCl with DES than DEB,
independently of DAPT duration. DAPT > 6 months is related to a higher stroke rate, independently of treatment type (DES

and DEB), compared to DAPT < 6 months.

Introduction

Dual antiplatelet therapy (DAPT) after percutaneous
coronary intervention (PCl) of in-stent restenosis (ISR)
with either drug-eluting thin stents (DESs) or drug-elut-
ing balloons (DEBs) is the treatment of choice in the ma-
jority of patients with obstructive coronary artery disease
(CAD) [1]. The inclusion of DAPT and its duration are de-
termined by a number of factors, including the presenta-
tion of CAD, the need for chronic anticoagulant therapy,
the type of anticoagulant therapy, the risk of bleeding
and ischaemic events. The situation is further compli-
cated by PCl due to ISR. Then, in order to determine the
type of DAPT treatment and its duration, we are usually
obliged to take several additional factors into account,
including, for example: following the procedure of reste-
nosis (plain-old balloon angioplasty, PCI with DEB, DES or
bare-metal stent (BMS)), whether it is the first or further
restenosis, and in which artery the restenosis occurs.
Based on the current guidelines proposed by the Europe-
an Society of Cardiology (ESC), the use of DES or DEB is
equally recommended in patients undergoing PCl of DES-
ISR (class of recommendation | and level of evidence A),
while recurrent diffuse ISR favours coronary artery by-
pass grafting (CABG) over PCl [1]. This is especially true
in patients with diabetes, reduced left ventricle ejection
fraction (LVEF), contraindication to DAPT and multi-ves-
sel disease with SYNTAX score > 23 points [1]. However,
these guidelines do not precisely define the duration of
DAPT treatment in patients undergoing PCl due to ISR,
and 6 months of treatment are recommended in patients
with chronic coronary syndrome (CCS) and 12 months in
patients with acute coronary syndromes (ACS), further
depending on the co-existence of modifying factors [1].
In patients treated with DEB, the use of which is recom-
mended among individuals with ISR, DAPT treatment is
recommended for 6 months. In patients with DES-ISR,
treatment with PCl with DEB is classified on par with
DES treatment [2, 3]. In a recent European consensus on
platelet therapy, it was stated that there is a lack of data
on the duration of DAPT treatment in patients following
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PCI with DEB [4], and the available data in patients from
the PCl group with DEB due to ISR favour a duration of
DAPT between 3 and 12 months [5-7]. However, in some
studies, the length of DAPT is even indicated to be short-
er than 1 month [8].

Aim

Herein, the aim of analysing the DEB-Dragon Regis-
try was to investigate the relationship between clinical
outcomes during follow-up in patients treated due to
DES-ISR with DEB or DES stratified by the duration of
DAPT.

Material and methods
Patients

The DEB-Dragon Registry is a large multi-centre obser-
vational study conducted at 8 high-volume PCI centres.
These data included all 1,367 consecutive patients with
DES-ISR who met inclusion criteria while not meeting
exclusion criteria, and were treated with either pacli-
taxel-DEB or thin-DES in the period from February 2008
until October 2019. Patients were divided according
to the duration of DAPT (Figure 1). The division of pa-
tients was carried out according to the duration of DAPT:
< 3 months and > 3 months, and < 6 months and > 6
months. Afterwards, patients were matched according
to propensity score and we selected 107 patients treated
with DAPT < 3 months and 107 patients > 3 months, as
well as 269 patients treated < 3 months with DAPT and
269 > 6 months (Figure 1). Patients who demonstrated
both types of PCl during the same procedure were ex-
cluded from the study. Since we aimed to investigate
outcomes in native vessels, patients with ISR in the sa-
phenous vein graft were also excluded from the study.
Patients who had PCl of other vascular territories during
the same procedure were additionally excluded. However,
patients with repeated interventions on the target lesion,
including those with multiple stent layers, were eligi-
ble. The following thin-strut stents were used: Resolute
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(Medtronic CardioVascular, Santa Rosa, CA, USA), Promus
(Boston Scientific, Natick, MA, USA), Ultimaster (Terumo
Corporation, Tokyo, Japan), Orsiro (Biotronik AG, Biilach,
Switzerland), Alex (Balton, Warsaw, Poland), Synergy
(Boston Scientific, Natick, MA, USA), Xience (Abbott Vas-
cular Devices, Santa Clara, CA, USA). The paclitaxel-DEB
types were as follows: Agent (Boston Scientific, Natick,
MA, USA), Dior (Eurocor GmbH, Bonn, Germany), Elutax
(Aachen Resonance GmbH, Aachen, Germany), Essential
(iVascular, Barcelona, Spain), In.Pact Falcon (Medtronic
Vascular, Santa Clara, CA, USA), Pantera Lux (Biotron-
ik AG, Biilach, Switzerland), Restore DEB (Cardionovum
GmbH, Bonn, Germany), SeQuent Please Neo (B. Braun
Interventional Group, Ltd., Melsungen, Germany) [9]. An-
giographic data of participants included in the study were
collected and recorded in the central registry. Outcome
data were obtained from the central database of the
National Health Fund Service of the Ministry of Health,
and no patient was lost to follow-up. The patients’ data
were protected according to the requirements of Polish
law, GDPR, and hospital Standard Operating Procedures
(SOPs). The study was conducted in accordance with the
Declaration of Helsinki and was registered at ClinicalTri-
als.gov, Identifier: NCT04415216. The exact methodology
of the research was described in the first paper from the
registry presented above [10].

Study end-points

The primary efficacy end-point was target lesion re-
vascularisation (TLR). The secondary end-points were
device-oriented adverse cardiac events (device oriented
composite endpoints (DOCE), defined as a composite of
cardiac death, TLR, and target vessel MI), target vessel
revascularisation (TVR), myocardial infarction (Ml), death
and stroke.

Statistical analysis

Continuous variables were considered as means with
standard deviations or medians with the 1*tand 3" quar-
tiles when appropriate. Nominal variables were present-
ed as counts and percentages. Normal distribution was
verified by the Kolmogorov-Smirnov test. Groups were
compared using the t-test for continuous variables or
the x? test for nominal variables or their non-parametric
equivalents when appropriate. Standardised differenc-
es were calculated for all baseline variables before and
after matching. From all of the baseline/demographic
characteristics, those with a p-value lower than 0.2 or
standardised differences higher than 10% for differenc-
es across groups were included in the logistic regression
model used in propensity score matching (PSM). PSM
was performed using the nearest neighbour algorithm.

Exclusion criteria:
— PCl with DES strut thickness > 100 pm

All patients with DES-ISR referred
for PCI DEB-DRAGON Registry

— PCl with DEB and thin-DES during the
same procedure

— PCl of other vascular territories during

2
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the same procedure

Study population
(N =1,367)

— ISR of saphenous vein graft or internal
mammary artery

Exclusion due to lack of data

2
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N = 1,247 (100)

regarding DAPT duration

Y

Y Y

Y Y

Length of DAPT < 3 months
N =107 (8.6%)

Length of DAPT > 3 months
N = 1,140 (91.4%)
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Length of DAPT > 6 months
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Length of DAPT < 6 months
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99 (92.5%) DEB vs.
8 (7.5%) DES

97 (90.7%) DEB vs.
10 (9.3%) DES

210 (78.1%) DEB vs.
59 (21.9%) DES

200 (74.3%) DEB vs.
69 (25.7%) DES

Figure 1. Patient flow chart

DAPT —dual-antiplatelet therapy, DEB — drug-eluting balloon, DES — drug-eluting stent, ISR — in-stent restenosis, PCl — percutaneous coronary intervention.
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The groups were considered balanced if standardised dif-
ferences for each of the analysed baseline/demographic
characteristics were lower than 10%. Models were con-
structed with procedural data as covariates with the pur-
pose of adjustment. Statistical analysis was performed
using R, version 3.5.3 (R Foundation for Statistical Com-
puting, Vienna, Austria, 2019) with the following pack-
ages: ‘Matchlt’, version 3.0.2 and ‘Ime4’, version 1.1-21.

Results

Baseline patients’ characteristics before
propensity score matching

Patients treated with DAPT for a shorter period
(£ 3 months) were older, more often treated with insu-
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lin, more frequently experienced kidney failure, periph-
eral artery disease, atrial fibrillation and CCS, while they
less often experienced unstable angina (UA) and non-ST
segment elevation myocardial infarction (NSTEMI). They
were also more frequently treated with oral anticoagu-
lants and less often with ticagrelor. Patients treated with
DAPT < 6 months experienced kidney failure, atrial fibril-
lation and CCS more frequently, while they less often ex-
perienced UA and NSTEMI. They were also more often
treated with oral anticoagulants and less frequently with
ticagrelor. Other baseline clinical presentations, patient
characteristics and pharmacotherapy according to the
duration of DAPT before PSM are presented in Table |.
Procedural success expressed as patent coronary ar-
tery by the Thrombolysis in Myocardial Infarction (TMI)

Table I. Baseline clinical presentation, patient characteristics and pharmacotherapy according to duration of
dual antiplatelet therapy before propensity score matching

Parameter Overall Duration of dual antiplatelet therapy
group <3 months > 3 months P-value < 6 months > 6 months P-value
(n=1247) (1 _107) (n=1140) (n=269) (n=978)

Age [years] 66.7 +10 69 9 66 +10 0.009 67 +8.9 66.6 £10.3 0.49
Gender, male 879 (70.5) 75 (70.1) 804 (70.5) 0.91 196 (72.9) 683 (69.8) 0.36
Body mass index [kg/m?] 28.5+4.2 28.6 +4.7 28.5+4.2 0.83 283 +4.5 28.6 +4.1 0.52
Prior myocardial infarction 836 (67) 74 (69.2) 762 (66.8) 0.66 186 (69.1) 650 (66.5) 0.42
Prior coronary artery bypass grafting 268 (21.5) 23 (21.5) 245 (21.5) 0.99 57 (21.2) 211 (21.6) 0.93
Diabetes mellitus 543 (43.5) 51 (47.7) 492 (43.2) 0.41 120 (44.6) 423 (43.2) 0.72
Insulin therapy 187 (15) 26 (24.3) 161 (14.1) 0.007 47 (17.5) 140 (14.3) 0.21
Hypertension 1127 (90.4) 94 (87.8) 1033 (90.6) 0.38 246 (91.4)  881(90.1) 0.56
Hyperlipidaemia 1063 (85.2) 92 (86) 971 (85.2) 0.88 237 (88.1) 826 (84.5) 0.14
Kidney failure 308 (24.7) 45 (42.1) 263 (23.1) < 0.001 9(29.4) 229 (23.4) 0.04
Dialysis therapy 26 (2.1) (1.9) 24 (2.1) 0.87 4 (1.5) 22 (2.3) 0.63
Atrial fibrillation 190 (15.2) (41.1) 146 (12.8) < 0.001 92 (34.2) 98 (10) < 0.001
Current smoker 262 (21) 14 (13.1) 248 (21.7) 0.03 40 (14.9) 222 (22.7) 0.005
Family history of CAD 357 (30.3) 22 (21.1) 335 (31.2) 0.03 73 (28.1) 284 (30.9) 0.4
Pulmonary disease 109 (8.7) 13 (12.1) 96 (8.4) 0.21 25 (9.3) 84 (8.6) 0.71
Peripheral artery disease 207 (16.6) 28 (26.2) 179 (15.7) 0.009 52 (19.3) 155 (15.8) 0.19
Clinical presentation:

Chronic coronary syndrome 424 (34) 58 (54.2) 366 (32.1) < 0.001 161 (59.8 263 (26.9) < 0.001

Unstable angina 439 (35.2) 29 (27.1) 410 (36) 0.07 65 (24. ) 374 (38.2) < 0.001

NSTEMI (non-STEMI) 345 (27.7) 18 (16.8) 327 (28.7) 0.009 38 (14.1) 307 (31.4) < 0.001

STEMI 37 (3) 2(1.9) 35 (3.1) 0.76 5(1.9) 32 (3.3) 0.3

Cardiac arrest before PCI 5(0.4) 0 (0) 5 (0.4) 0.49 0 (0) 5 (0.5) 0.59
Oral anticoagulants 132 (10.6) 37 (34.6) 95 (8.3) < 0.001 82 (30.5) 50 (5.1) < 0.001
Prasugrel 22 (1.8) 1(0.9) 21(1.8) 0.49 2(0.7) 20 (2) 0.19
Ticagrelor 84 (6.7) 1(0.9) 83 (7.3) 0.007 9(33) 75 (7.7) 0.01
Clopidogrel 1138 (91.3) 103 (96.3) 1035 (90.7) 0.07 255(94.8) 883 (90.3) 0.02
Acetyl salicylic acid 1246 (99.9) 107 (100) 1139 (99.9) 0.75 269 (100) 977 (99.9) 0.59
Glycoprotein IIb/llla inhibitors 17 (1.4) 1(0.9) 16 (1.4) 0.68 2(0.7) 15 (1.5) 0.55

Values are presented as mean + standard deviation or categorical variables and percentages. CAD — coronary artery disease, Ml — myocardial infarction, PCl — percu-
taneous coronary interventions, STEMI — ST-segment elevation myocardial infarction.
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grade flow scale occurred less often among patients Baseline patients’ characteristics after
treated longer with DAPT (> 3 and > 6 months). Coro- propensity score matching
nary angiography results, culprit lesion characteristics, Selected baseline indices presented according to the

procedural indices and selected biochemical parameters 4, ation of DAPT after PSM are presented in Table IlI.
according to the duration of DAPT before PSM, are pre-

sented in Table II.

Table 1l. Coronary angiography, culprit lesion characteristics, procedural indices, selected biochemical indices
and left ventricle ejection fraction according to dual antiplatelet therapy duration before propensity score
matching

Parameter Overall Duration of dual antiplatelet therapy
BOUP <3 months >3 months  P-value <6 months >6 months  P-value
(n=1247)  (,_107) (n=1140) (n=269) (n=978)

Coronary angiography:

1-vessel disease 728 (58.4)  70(65.4) 658 (57.7) 0.12 171(63.6) 557 (56.9) 0.06

2-vessel disease 358 (28.7) 28 (26.2) 330 (28.9) 0.58 69 (25.6) 289 (29.5) 0.22

3-vessel disease 158 (12.7) 8(7.5) 150 (13.2) 0.09 28 (10.4) 130 (13.3) 0.25
Bifurcation 194 (15.6) 14 (13.1) 180 (15.8) 0.58 42 (15.6) 152 (15.5) 0.97
Thrombus 24 (1.9) 0(0) 24 (2.1) 0.26 1(0.4) 23 (2.3) 0.04
Thrombectomy 4(0.3) 0(0) 4(0.3) 0.53 1(0.4) 3(0.3) 0.86
Severe calcification 52 (4.2) 1(0.9) 51 (4.5) 0.12 8(3) 44 (4.5) 0.31
Stenosis, % 82.1 £11.5 81.9 £11.05 82.1£11.5 0.92 82.5+10.8 81.9 +11.7 0.43
Location of culprit lesion:

Left main 127 (10.2) 5 (4.7) 122 (10.7) 0.0456 20 (7.4) 107 (10.9) 0.11

Left anterior descending 650 (52.1) 53 (49.5) 597 (52.4) 0.61 138 (51.3) 512 (52.3) 0.78

Left circumflex 527 (42.3) 38 (35.5) 489 (42.9) 0.15 107 (39.8) 420 (42.9) 0.36

Right coronary artery 604 (48.4) 51 (47.7) 553 (48.5) 0.92 123 (45.7) 481 (49.2) 0.33
Prior in-stent restenosis 343 (27.7) 34 (32.4) 309 (27.2) 0.25 85 (31.8) 258 (26.5) 0.08
Time to restenosis [months] 44.7 +63.8 41.2 +48 45 +65.2 0.56 42.4 +54.4 45.3 +66.3 0.53
Prior stent length [mm] 21.5+8.3 21.9 £8.7 21.5+8.3 0.73 22.4 £8.2 21.2 +8.4 0.16
Balloon pre-dilatation:

Length [mm] 15.6 +4 16.3 3.6 15.6 +4 0.12 159 +3.9 15.5 +4 0.22

Diameter [mm] 3+0.6 3+0.6 3+0.6 0.51 3+0.6 3.01+0.6 0.54
DES/DEB data

Length [mm] 20.8 £7.3 213 5.1 20.8 £7.5 0.5 215 6.7 20.6 £7.5 0.09

Diameter [mm] 3.1+0.5 3.2+0.5 3.13+0.5 0.51 3.15+0.5 3.13+0.5 0.55
Residual stenosis > 10% 93 (7.5) 10 (9.3) 83 (7.3) 0.44 19 (7.1) 74 (7.6) 0.89
TIMI 3 after PCl 1208 (96.9) 97 (90.6) 1111 (97.5) 0.001 252 (93.7) 956 (97.7) 0.002
Peri-procedural complications:

Coronary artery perforation 1(0.08) 0 (0) 1(0.1) 0.75 0 (0) 1(0.1) 0.59

Coronary artery dissection 36 (2.9) 1(0.9) 35(3.1) 0.36 8(3) 28(2.9) 0.84

No-reflow phenomenon 7 (0.6) 0 (0) 7 (0.6) 0.41 1(0.4) 6 (0.6) 0.63
Haemoglobin [g/dl] 13.5+1.7 13.2 1.8 13.5 1.7 0.16 13.6 1.6 13.4+1.7 0.27
Glomerular filtration rate [ml/min] 71.2 £19 68.1£18.7 715 +19.1 0.1 70.3 £17.8 715 +19.4 0.38
Serum creatinine [mg/dl] 1.1+0.8 1.1+0.6 1.1+0.8 0.69 1.1+0.5 1.1+0.8 0.2
AST [1U/dl] 315 +67.7 24.4 £12.9 3254723 0.34 253 +12.7 33.6 +78 0.21
ALT [1U/dl] 27.3 £28.9 24.7 £17.3 27.6 £29.9 0.39 254 +20.4 27.9 +31 0.32
Left ventricle ejection fraction (%) 48.1 £11.2 49.4 +12.8 48 +11 0.22 49.1 £11.7 47.8 £11.1 0.08

Values are presented as mean + standard deviation or categorical variables and percentages. ALT — alanine aminotransferase, AST — aspartate aminotransferase,
DEB — drug-eluting balloon, DES — drug-eluting stent, TIMI — thrombolysis in myocardial infarction.
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Clinical outcomes according to the duration

of DAPT and type of PCI in DEB, DES and

overall group before PSM — univariable

analysis

Significant relationships for the groups pre-specified
above are presented in Table IV. Study endpoints with no
significant relation to the duration of DAPT, type of PCl
and analysed study endpoint have been removed from
the table. There were no such significant relationships
between the duration of DAPT, independent of the type
of PCl for re-PCl, CABG and TLR-CABG.

Rafat Januszek et al. DAPT length after PCl within DES-ISR

Pairwise contrast considering type of PCI (DES
vs. DEB) and duration of DAPT (> 6vs. <6
months) before propensity score matching

In these analyses, the following relations could be
found:
Major adverse clinical events (MACE):
—DES + DAPT > 6 months (superior) vs. DEB + DAPT
> 6 months (p = 0.02).
DOCE as an endpoint:
— DES + DAPT < 6 months (superior) vs. to DES + DAPT
> 6 months (p = 0.02);

Table lll. Selected indices according to duration of DAPT after propensity score matching

Variable Duration of dual antiplatelet therapy
< 3 months > 3 months < 6 months > 6 months
(n =107) (n=107) (n = 269) (n = 269)
Thin DES 8(7.5) 10 (9.3) 59 (21.9) 69 (25.7)
Age [years] 69 +9 68.5 +9.8 67 +8.9 67.3 +9.5
Gender, male 75 (70.1) 74 (69) 196 (72.9) 205 (76.2)
LVEE % 49.4 +12.8 48.6 +11.6 49.1+11.7 49 £10.8
Prior Ml 74 (69.2) 77 (72) 186 (69.1) 177 (65.8)
Prior CABG 23 (21.5) 23 (21.5) 57 (21.2) 59 (21.9)
Diabetes mellitus 51 (47.7) 52 (48.6) 120 (44.6) 112 (41.6)
Insulin therapy 26 (24.3) 29 (27.1) 47 (17.5) 48 (17.8)
Hypertension 94 (87.8) 97 (90.7) 246 (91.4) 244 (90.7)
Hyperlipidaemia 92 (86) 94 (87.9) 237 (88.1) 234 (87)
Kidney failure 45 (42.1) 46 (43) 79 (29.4) 69 (25.7)
Atrial fibrillation 44 (41.1) 46 (43) 92 (34.2) 73 (27.1)
Current smoker 14 (13.1) 10 (9.3) 40 (14.9) 44 (16.4)
Pulmonary disease 13 (12.1) 13 (12.1) 25 (9.3) 24 (8.9)
Peripheral artery disease 28 (26.2) 30 (28) 52 (19.3) 59 (21.9)
Clinical presentation:
Chronic angina 58 (54.2) 6 (52.3) 161 (59) 163 (60.6)
Unstable angina 29 (27.1) 21 (19.6) 65 (24.2) 62 (23)
NSTEMI 18 (16.8) 7 (25.2) 38 (14.1) 39 (14.5)
STEMI 2 (1.9) 3(2.8) 5 (1.9) 5 (1.9)
Cardiac arrest before PCl 0 (0) 0 (0) 0 (0) 0 (0)
Single vessel disease 70 (65.4) 67 (62.6) 171 (63.6) 162 (60.2)
True bifurcation 14 (13.)) 12 (11.2) 42 (15.6) 40 (14.9)
Cutting/scoring balloon 2(1.9) 3(2.8) 6(2.2) 6(2.2)
Thrombectomy 0 (0) 0 (0) 1(0.4) 1(0.4)
Calcification 1(0.9) 1(0.9) 8 (3) 10 (3.7)
Stenosis, % 81.9 +11 82.3 £11 82.5 £10.8 82.1£11.1
Residual stenosis 10 (9.3) 7 (6.5) 19 (7.1) 24 (8.9)
TIMI 3 after PCI 105 (98.1) 105 (98.1) 267 (99.3) 268 (99.6)
Complications 3(2.8) 4 (3.7) 8 (3) 11 (4.1)
Dissection 1(0.9) 1(0.9) 10 3.7) 8(3)
No-reflow 0 (0) 0 (0) 3(L1) 1(0.4)

Values are presented as mean + standard deviation or categorical variables and percentages. CABG — coronary artery bypass grafting, CAD — coronary artery disease,
MI —myocardial infarction, PCl — percutaneous coronary intervention, STEMI — ST-segment elevation myocardial infarction.
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Table IV. Predictors of clinical outcomes according to duration of DAPT before propensity score matching —
univariable analysis

Variable HR 95% Cl P-value
Device-oriented clinical outcomes:
DEB Duration of DAPT > 3 vs. < 3 months 2.05 1.16-3.61 0.01
Duration of DAPT > 6 vs. < 6 months 1.5 1.04-2.17 0.03
Target lesion revascularisation — overall:
DEB Duration of DAPT > 3 vs. < 3 months 1.97 1.06-3.65 0.03
Target vessel revascularisation — overall:
DES Duration of DAPT > 3 vs. < 3 months 1.85 1.06-3.24 0.02
DEB Duration of DAPT > 3 vs. < 3 months 2.12 1.2-3.73 0.009
Duration of DAPT > 6 vs. < 6 months 1.56 1.08-2.25 0.01
Death — all-cause:
DES Duration of DAPT > 6 vs. < 6 months 0.51 0.27-0.99 0.04
Myocardial infarction — overall:
All Duration of DAPT > 6 vs. < 6 months 1.53 1.03-2.27 0.03
DEB Duration of DAPT > 6 vs. < 6 months 1.87 1.17-3 0.009
Stroke:
All Duration of DAPT > 6 vs. < 6 months 4.5 1.08-18.69 0.03
MI TVR:
All Duration of DAPT > 6 vs. < 6 months 3.3 1.32-8.21 0.01
DEB Duration of DAPT > 6 vs. < 6 months 5.37 1.66-17.3 0.005
Major adverse cardiovascular events:
DEB Duration of DAPT > 3 vs. <3 months 1.59 1.01-2.49 0.04
Duration of DAPT > 6 vs. < 6 months 1.45 1.05-2 0.02
Target lesion revascularisation with percutaneous coronary intervention:
DEB Duration of DAPT > 3 vs. <3 months 2.15 1.13-4.09 0.02
Cardiovascular death:
DES Duration of DAPT > 6 vs. < 6 months 0.19 0.08-0.48 < 0.001

DAPT — dual antiplatelet therapy, DEB — drug-eluting balloon, DES — drug-eluting stent.

— DES + DAPT < 6 months (superior) vs. DEB + DAPT Predictors of selected clinical outcomes

<6 months (p < 0.001); assessed before propensity score matching by
— DES + DAPT < 6 months (superior) vs. DEB + DAPT multivariable analysis

> 6 months (p < 0.001); Predictors of increased and decrease rate of selected

- DES + DAPT > 6 months (superior) vs. DEB + DAPT  (jinical outcomes — DOCE, TVRs, TLRs, Mls, overall deaths

> 6 months (p < 0.001); and MACE — are presented in Figures 2 A-F.
- DEB + DAPT < 6 months (superior) vs. DEB + DAPT

> 6 months (p = 0.02).
TVR:

- DES + DAPT < 6 months (superior) vs. DEB + DAPT
<6 months (p = 0.02);

- DES + DAPT < 6 months (superior) vs. DEB + DAPT
> 6 months (p = 0.008);

— DES + DAPT > 6 months (superior) vs. DEB + DAPT
> 6 months (p = 0.02).

Study endpoints after propensity score matching

Selected clinical outcomes stratified according to the
specified DAPT durations before and after PSM are pre-
sented in Table IV.

Kaplan-Meier estimates of selected clinical
outcomes before and after propensity score

TLR: matching
—DES + DAPT < 6 months (superior) vs. DEB + DAPT Pre-PSM
<6 months (p = 0.01); The percentage of:
— DES + DAPT < 6 months (superior) vs. DEB + DAPT - TVR-free survival was significantly lower in the group of
> 6 months (p = 0.02); patients with DAPT < 3 months vs. > 3 months (p = 0.02);

—DES + DAPT > 6 months (superior) vs. DEB + DAPT
> 6 months (p = 0.01).
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A

OR 95% CI P-value
PCI with DEB vs. DES oo 1.98 1.51-2.62 < 0.001
Prior in-stent restenosis in target lesion oo 1.51 1.16-1.96 0.002
Glycoprotein IIb/Illa inhibitor during PCI 3.23 1.63-6.39 < 0.001
Left ventricle ejection fraction, % 1 0.98 0.97-0.99 0.004
Stenosis, % ’ 1.02 1.01-1.03 < 0.001

r T T T T T T 1
0 1 2 3 4 5 6 7 8

B

OR 95% Cl P-value
PCl with DEB vs. DES —e—o 1.55 1.14-2.11 0.004
PCl within Cx vs. others p—o—se 1.42 1.05-1.92 0.02
Stenosis, % » 1.02 1.01-1.03 < 0.001

r T T T 1
0 1 2 3 4 5

C

OR 95% Cl P-value
Chronic coronary syndrome vs. other - 0.39 0.24-0.62 < 0.001
PCl within Cx vs. other oo 2.02 1.38-2.96 < 0.001
3" generation P2Y12 vs. 2 5.57 2.75-11.29 < 0.001
Hemoglobin [g/dl] L 0.84 0.75-0.94 0.002
Left ventricle ejection fraction, % L 0.97 0.96-0.99 0.004
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012345678 09101121
Figure 2. Predictors of selected clinical outcomes assessed by multivariable analysis in overall group of patients
included in analysis before propensity score matching. A— Device-oriented clinical outcomes (DOCE), B — target

vessel revascularisation (TVR), C — myocardial infarction (MI)

Cl — confidence interval, Cx — circumflex artery, DAPT — dual antiplatelet therapy, DEB — drug-eluting balloon, DES — drug-eluting stent, NSTEMI — non-ST
segment elevation myocardial infarction, PCl — percutaneous coronary intervention, TL —target lesion, TIMI — Thrombolysis In Myocardial Infarction.
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D

OR 95% Cl P-value
PCl with DEB vs. DES —o—o 1.78 1.23-2.57 0.002
PCl within Cx vs. others —o—o 1.5 1.07-2.21 0.02
Prior > 1 stent within TL oo 1.6 1.1-2.32 0.01
Calcifications —o— 1.87 1.02-3.4 0.04
Stenoisis, % L4 1.03 1.01-1.04 < 0.001

1 1 1
o 1 2 3 4

E

OR 95% Cl P-value
Diabetes mellitus — o o 2.74 1.36-5.49 0.004
Atrial fibrillation 3.28 1.64-6.56 < 0.001
Current smoker o 2.9 1.47-5.72 0.002
Two-vessel disease ——eo— 2.67 1.4-5.08 0.002
Predilatation with semi-compliant balloon 3.63 1.82-7.24 < 0.001
Left ventricle ejection fraction, % L 0.95 0.92-0.97 < 0.001

r T T T T T T T 1
0 1 2 3 4 5 6 7 8 9

F

OR 95% CI P-value
PCl with DEB vs. DES 1.44 1.12-1.85 0.003
Prior myocardial infarction 1.44 1.11-1.85 0.004
NSTEMI vs. others 1.48 1.17-1.87 < 0.001
PCl Cx vs. others 1.59 1.25-2.03 < 0.001
Stenosis, % 1.01 1.004-1.025 0.004
TIMI 2 vs. TIMI 3 grade after PCI —_——— 13.75 4.3-43.9 < 0.001
DAPT £ 6 months and DES vs. DEB 0.51 0.27-0.95 0.03

LI s o ]

0 5 10 15 20 25

Figure 2. Cont. D —target lesion revascularisation (TLR), E — overall death rate, F — major adverse clinical events
(MACE)

Cl - confidence interval, Cx — circumflex artery, DAPT — dual antiplatelet therapy, DEB — drug-eluting balloon, DES — drug-eluting stent, NSTEMI — non-ST
segment elevation myocardial infarction, PCl — percutaneous coronary intervention, TL — target lesion, TIMI — Thrombolysis In Myocardial Infarction.
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—acute MI-free survival was significantly lower in the
group of patients with DAPT <6 months vs. > 6 months
(p = 0.03);

— cardiovascular death-free survival was significantly
higher in the group of patients with DAPT < 6 months
vs. > 6 months (p = 0.04);

— DOCE-free survival was significantly lower in the group
of patients with DAPT < 3 months vs. > 3 months
(p = 0.049);

— stroke-free survival was significantly lower in the group
of patients with DAPT < 6 months vs. > 6 months
(p = 0.049).

There were no other significant differences between
the selected clinical outcomes according to the duration
of DAPT (< 3 vs. > 3 months and < 6 vs. > 6 months).

After PSM

The percentage of stroke-free survival was significant-
ly lower in the group of patients with DAPT <6 months vs.
> 6 months (p = 0.01) (Figure 3). The mean time to stroke
occurrence was 422.6 +554.7 days and the median was
490 days with interquartile range: 290-1073 days. There
were no other significant differences between the select-
ed clinical outcomes according to the duration of DAPT
(£ 3 vs. > 3 months and < 6 vs. > 6 months).

Discussion

The main findings of the current study are that pa-
tients treated for a shorter duration with DAPT (< 3 and
< 6 months) tend to be burdened more frequently with
factors related to shorter treatment with DAPT, which
included, for instance: older age, kidney failure or atrial
fibrillation before PSM. Moreover, they were also more of-
ten admitted due to CCS but less ACS, and less frequent-
ly treated with newer generations of antiplatelet drugs.
Univariate analysis performed before PSM demonstrat-
ed that patients treated for a longer period with DAPT
(> 3 and > 6 months), independently of the group (DEB,
DES and overall), presented poorer clinical outcomes.
Considering pairwise analysis before PSM, it can be indi-
rectly inferred that patients treated with PCl and DES have
a better prognosis than those treated with DEB in terms
of MACE, DOCE, TLR and TVR, independently of DAPT. PCI
with DEB was found among risk factors of DOCE, TVR,
TLR and MACE assessed by multivariable analysis before
PSM in the overall group of patients treated due to DES-
ISR. Furthermore, treatment with DAPT for longer than
6 months was related to a greater rate of MACE assessed
by multivariable analysis before PSM in the overall group
of patients treated due to DES-ISR. After PSM, patients
treated with DAPT longer than 3 months had experienced
greater TVR and DOCE, while patients treated with DAPT
longer than 6 months had more strokes, TLR, TVR and
DOCE. The Kaplan-Meier estimate, calculated in the over-
all group of patients treated due to DES-ISR, confirmed
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Stroke free survival (%)
(o))
o
1

20 p =0.01

0 231 462 693 924 1155 1386 1617 1848 2079 2310 2541 2772 3003 3234
Follow-up [days]

—— DAPT > 6 months
At risk 269 226 191 146 114 80 52 27 6 O
Cumulative number of events

0 8 8 9 11 11 12 12 12 12
—— DAPT < 6 months
At risk 269 233 169 121 84 61 36 17 6 1
Cumulative number of events

0 0 2 2 2 2 2 2 2 2

Figure 3. Stroke-free Kaplan-Meier survival curves
according to duration of dual antiplatelet therapy
(DAPT; £ 3 vs. > 3 months)

that patients treated with DAPT longer than 6 months
had more strokes.

Analysing the results of the present study, there is
quite a significant and natural difference in the character-
istics of patients before PSM, which is a consequence of
selecting DAPT duration. In the group of patients treated
for a shorter period, we may observe a greater frequency
of factors supporting a reduction in the duration of DAPT
treatment, and these factors have been identified and used
in everyday practice on many popular scales for assessing
the risk of bleeding and ischaemic events in patients fol-
lowing PCl [11-14]. For example, the higher incidence of
atrial fibrillation in the group of patients with a shorter
duration of DAPT is associated with chronic anticoagula-
tion, which theoretically may be associated with a lower
risk of in-stent thrombosis, even after very early discontin-
uation of DAPT. This is noteworthy because, when analys-
ing treatment outcomes before and after PSM, there are
several indications that longer DAPT treatment is asso-
ciated with poorer treatment outcomes, mainly in terms
of greater frequency of MACE and DOCE, despite the fact
that the final analysis using Kaplan-Meier survival curves
only shows the greater incidence of strokes in the group
of patients treated longer with DAPT. The availability of re-
search results on the duration of DAPT used in the group
of patients treated with PCl due to DES-ISR is somewhat
limited. Therefore, we must also use the results of studies
for the entire population of patients treated with PCI. An
increased risk of bleeding with prolonged DAPT treatment
(3 vs. 6 vs. 12 months) and ischaemic events with short-
ened DAPT treatment in patients with or without ACS
undergoing PCl has been demonstrated in a number of
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publications [15]. A large part of the publications on the
length of DAPT, especially those in which the results of PCl
in patients with CCS or low-risk ACS are evaluated, pro-
vide neutral results, namely, no significant differences in
the frequency of ischaemic and haemorrhagic complica-
tions depending on the duration of DAPT [16, 17]. Howev-
er, for example, in a study published by Watanabe et al,, it
was demonstrated in a group of patients treated with PCl
that 1 month of DAPT followed by clopidogrel monother-
apy, compared to 12 months of DAPT with acetyl-salicylic
acid and clopidogrel, was related to a significantly low-
er rate of cardiovascular and bleeding event composites,
meeting the criteria for both non-inferiority and superior-
ity [18]. Nonetheless, a meta-analysis is also available in
which the duration of DAPT used in patients treated with
PCl was analysed. The authors found that in patients un-
dergoing implantation with newer-generation DES, long-
term DAPT resulted in greater all-cause mortality than
short-term DAPT [19]. There are a number of directions
of the currently undertaken studies, one of them being
the shortening of dual therapy instead of monotherapy
conducted by new anti-platelet drugs, such as ticagrelor,
in order to reduce the incidence of bleeding events [20].
Extended DAPT treatment with standard and reduced ti-
cagrelor doses up to 3 years after PCl for ACS in patients
atincreased risk was also assessed, showing an increased
benefit in terms of ischaemic events with an increased
risk of non-fatal bleeding [21].

Nevertheless, the group of patients undergoing PCI
due to DES-ISR is a very characteristic group of high-risk
restenosis, which often, prior to PCl, is consulted within
the “heart team” in order to make a choice that is bet-
ter for a particular patient, i.e. percutaneous or surgical
treatment. At present, the dominant belief is that each
patient should be subjected to individual risk assess-
ment of ischaemic and haemorrhagic events, consider-
ing various aspects, such as compliance, treatment price,
life expectancy, planned surgical procedures, and patient
preferences, which are not always in line with the cur-
rent recommendations of guidelines and evidence-based
medicine [22]. Additionally, each patient should under-
go a detailed analysis of the surgical risk using the Eu-
roSCORE Il scale and the STS score [23, 24]. In order to
determine the treatment method as well as the duration
of DAPT treatment, one of the key elements seems to
be the assessment regarding the complexity of lesions
in the coronary arteries, and currently, the gold standard
used for this purpose is the SYNTAX score [25].

The discussion on the relationship between the
duration of platelet therapy depending on the type of
treatment used (DES vs. DEB) is limited in the current
analysis of DES-ISR by a number of factors, one of the
main factors being the lack of precise information on the
type of stroke. Moreover, currently available data concern
the vast majority of patients who undergo PCl primari-
ly within the native vessels, but not DES-ISR. A number
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of studies have demonstrated an increased incidence
of stroke in patients with prolonged DAPT expressed
as greater risk ratios of risk of stroke, including the
ARCTIC-interruption, PRODIGY and ITALICS randomised
controlled trials (RCTs) in different clinical presentations
of angina [26—-28]. Greater risk ratios of risk of stroke for
shorter DAPT were found, among others in the CREDO
and SECURITY RCTs [29-30]. No differences in risk ra-
tios of risk of stroke were observed in the OPTIMIZE and
RESET RCTs [16, 31]. When considering intracranial
bleeding, the majority of RCTs published so far demon-
strated that the risk ratio of risk of intracranial bleeding
is greater in the case of longer than shorter treatment
with DAPT independently of the clinical presentation of
angina and type of second antiplatelet agent [28, 32-34].
Recently published studies performed on patients with
stable angina and treated with PCI provided a net clini-
cal benefit of anti-atherogenic over the pro-haemorrhag-
ic effects of prolonged treatment with DAPT in selected
groups of patients at increased cardiovascular risk, such
as in diabetics, and with a history of PCI [35].

There are several limitations to this study. There was
a lack of intravascular imaging data. Furthermore, we
had no data on the mechanism of restenosis, quantita-
tive findings such as reference vessel diameter, minimal
lumen diameter or lesion length. While the sample size
of this study was large, the research was not designed as
a randomised trial but rather as an analysis of data from
a retrospective registry, which has inherent limitations. In
subsequent studies, patients should also be divided into
those treated for CCS and those treated for ACS, sepa-
rated by type of ACS. In the analysis, the risk associated
with the complexity degree of changes in the coronary
arteries expressed as the SYNTAX score was not taken
into account. Another limitation in the correct interpreta-
tion of the study is the fact that in the follow-up period
we do not have precise information on the type of stroke.
Additionally, data on strokes were not prospectively col-
lected. Moreover, similarly to other endpoints, strokes
were not assessed by a blinded event committee. The
adherence of participants to DAPT was also not assessed
in the current study

Conclusions

The current analysis demonstrated that treatment
with DAPT in patients with DES-ISR is related to better
long-term outcomes in the case of PCl with DES than
DEB, independently of DAPT duration. DAPT > 6 months
is related to a higher stroke rate, independently of treat-
ment type (DES and DEB), compared to DAPT <6 months.
The duration of DAPT treatment in the group of patients
treated with PCI due to ISR-DES should be selected in-
dividually, after assessing a number of factors not only
related to the risk of bleeding and ischaemia.
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