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Abstract

Aims: Our aim was to describe the intravascular ultrasound (IVUS) findings of patients with late stent
thrombosis (ST) undergoing percutaneous intervention, and to compare the pre- and post-intervention IVUS
findings of patients treated with balloon angioplasty (BA) vs. additional stent implantation (ASI).

Methods and results: A total of 117 patients with late ST imaged with IVUS were included (51.2%
had drug-eluting stent ST). Treatment was left to the operator’s discretion: BA was performed in 53.8%
and ASI in 46.2%. Pre-intervention, incomplete stent apposition (ISA) was observed in 69.8% vs. 63.0%
(p=0.43), underexpansion in 33.3% vs. 18.5% (p=0.07) and restenosis in 15.9% vs. 27.8% (p=0.12), respec-
tively. Post-intervention, persistent ISA was observed in 37.2% vs. 60.9% (p=0.03) and malapposition vol-
ume decreased by 43.6% vs. 2.6% (p=0.03). Persistent underexpansion was observed in 9.3% vs. 17.4%
(p=0.26); however, the stent expansion index was largely increased with BA (from 0.75 to 0.88) compared
to ASI (from 0.80 to 0.82); p=0.046. At two years, recurrent ST was observed in one (1.7%) vs. four (7.7%)
patients, respectively; p=0.09.

Conclusions: Non-optimal IVUS criteria of stent implantation are often observed in patients with late ST.
Treatment of late ST with BA leads to a larger reduction of malapposition and underexpansion with respect
to ASI and is associated with favourable outcomes.
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Abbreviations

ASI additional stent implantation

BA balloon angioplasty

ISA incomplete stent apposition

IVUS intravascular ultrasound

PCI percutaneous coronary intervention
ST stent thrombosis

Introduction

Definite late and very late stent thrombosis (ST) is defined as
any thrombosis observed by angiography or pathology later
than one month after stent implantation'. The incidence of
angiographic late ST is infrequent, but it is associated with
poor outcomes at midterm follow-up?*. The cumulative inci-
dence of late ST is around 0.8% with bare metal stents (BMS),
0.7-1.5% with first-generation drug-eluting stents (DES), and
0.5-0.7% with second-generation DES at two to three years of
follow-up®’. However, there is no attenuation of the incidence/
year of stent thrombosis with either BMS or DES at very long-
term follow-up*®.

Most of the cases with late ST present as acute coronary syn-
dromes undergoing urgent percutaneous coronary intervention
(PCI)*3. The most common cause of late and very late DES
thrombosis is the observation of incomplete healing and/or inad-
equate neointimal coverage of the struts®. Other causes of late
ST are incomplete stent apposition (ISA), stent underexpan-
sion, stent restenosis and the emergence of “vulnerable” neoath-
erosclerotic plaques within the neointimal tissue, or insufficient
antiplatelet treatment'”.

Although there are few data regarding the best PCI treatment
of angiographic late (and very late) ST, current European guide-
lines recommend the use of thromboaspiration and predilation
with non-compliant balloons (Class Ila, level of evidence C)':12,
Glycoprotein IIb/IIla inhibitors have also been associated with
better procedural outcomes and a lower risk of recurrent throm-
bosis compared to patients without glycoprotein I1b/I1la adminis-
tration®. In contrast, additional stent implantation (AST) has been
related to worse cardiac outcomes as compared to patients with-
out stent implantation®*. Most of the clinical outcomes observed
in patients treated with ASI were related to cardiac death or
recurrent ST at midterm follow-up?. Despite this, the rate of stent
implantation for late ST treatment is still high, ranging from 40%
to 100% in different studies**!.

Current European guidelines recommend the use of intravas-
cular imaging techniques to detect stent-related mechanical prob-
lems (Class Ila, level of evidence C)'?. However, there are few
data on the utility of IVUS as guidance in PCI of patients with
late stent thrombosis. The first objective of this study was to
describe the IVUS findings of angiographic late and very late
ST, and to report the ultrasound results after PCI. The second
objective was to compare the IVUS findings and clinical out-
comes between patients treated with balloon angioplasty (BA)
versus ASI.

Methods

POPULATION

This was a multicentre, observational study that included all
patients presenting with angiographic late and very late ST imaged
with IVUS in seven Spanish institutions from January 2008 to
December 2012. All institutions participating in the study are
high-volume centres (>500 PCl/year) with considerable experi-
ence in the use of IVUS for complex PCI". A flow chart with all
consecutive patients presenting with late ST is shown in Figure 1.
All participating institutions followed the recommendations for
dual antiplatelet therapy in the current guidelines'®. In patients
receiving a stent (BMS or DES) during PCI for acute coronary
syndrome (ACS) or in patients receiving a DES for silent or sta-
ble angina, P2Y , inhibitor therapy was recommended for at least
12 months plus aspirin. In patients receiving BMS for a non-ACS
indication, a P2Y, inhibitor was recommended for a minimum of
one month plus aspirin.

This study was approved by the local ethics committee of all par-
ticipating institutions and was carried out in accordance with the
Declaration of Helsinki. Written informed consent was obtained
from all patients. There was no funding source for this study.

PROCEDURE CHARACTERISTICS

PCI was performed according to standard practice in each partici-
pating centre. Unfractionated heparin, low molecular weight hepa-
rin or bivalirudin was used for procedural anticoagulation. The use
of glycoprotein IIb/Illa inhibitors was left to the operator’s dis-
cretion. A loading dose of aspirin (>250 mg) was administered to
the patient before PCI. A loading dose of clopidogrel (=300 mg),

36,324 PCI
January 2008 - December 2012

2
250 definite late ST (0.69%)

> 96 angio-guided
——— 21 OCT-guided

9 severe heart failure
5 no treatment
—> 2 CABG

117 IVUS-guided PCI

Figure 1. Flow chart of the study. IVUS: intravascular ultrasound;
OCT: optical coherence tomography,; PCI: percutaneous coronary
intervention, ST: stent thrombosis



prasugrel (60 mg) or ticagrelor (180 mg) was given to the patients
according to the physician’s preference.

IVUS imaging was performed after restoration of TIMI flow >2
with thrombus aspiration or balloon angioplasty at low pressure.
These images were used for “pre-intervention analysis”. After
careful evaluation of IVUS images “on-line”, the operator was
left to decide the best treatment for the cause of stent thrombosis.
All cases were treated with balloon angioplasty. In case of stent
implantation, the use of DES or BMS was also left to the opera-
tor’s discretion. At the end of all coronary interventions, a final
IVUS acquisition was performed. These images were used for
“post-intervention analysis”.

IVUS ACQUISITION

IVUS acquisition was performed according to standard procedures'.
After an intracoronary nitroglycerine injection, the catheter probe
was advanced distally to the stent segment. Using an automated pull-
back device, the transducer was withdrawn at a continuous speed of
0.5 mm/s. One participating institution performed IVUS recording at
1 mm/s. The image data were stored on DVD for “off-line” analysis.
IVUS acquisition was performed with the Atlantis™ 40 MHz cath-
eter (Boston Scientific, Marlborough, MA, USA).

“Off-line” IVUS analysis

IVUS “off-line” analysis was performed by a central core lab
(BARCICORE-LAB, Barcelona, Spain) using quantitative intra-
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vascular ultrasound analysis software, QIvus 3.0 (Medis, Leiden,
The Netherlands). The stent segment was defined by the stent
edges. According to the pullback speed, the most normal-looking
cross-sections within 5 mm proximal and distal to the stent were
defined as the reference lumen areas.

Two independent and blinded analysts were requested to
evaluate qualitatively the IVUS pullback and to identify four
IVUS findings: late malapposition, aneurysm, stent underexpan-
sion and stent restenosis. Incomplete stent apposition (ISA) was
defined as a clear separation of the metallic struts from the ves-
sel wall in the absence of a side branch. Aneurysms were defined
as lesions that included all layers of the vessel wall with an
external elastic membrane (EEM) and lumen area >50% larger
than the proximal reference segment'*'>. Stent underexpansion
was defined when the minimal stent area was <80% of the refer-
ence lumen area. Stent restenosis was defined as all lesions with
area stenosis >50% due to neointima tissue. Neoatherosclerosis
was defined as the presence of clear intra-stent plaque with lipid
or calcium echogenic characteristics. Figure 2 shows examples
of each IVUS finding.

Quantitative measurements. of the lumen, stent and ves-
sel (=EEM) were performed according to the standard proce-
dures'*!7. Stent measurements were obtained by drawing the
stent area of the stent with ST. However, after additional stent
implantation, stent measurements were obtained by drawing the

stent area of the entire stent segment. Neointimal area/volume

Pre-intervention

Late malapposition Malapposition+aneurysm

Late malapposition Malapposition+aneurysm

Figure 2. Qualitative IVUS findings pre- and post-intervention.

Post-intervention

Underexpansion Neoatherosclerosis

Underexpansion Neoatherosclerosis
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were estimated by the following formula: Stent — (Lumen — ISA).
Balloon-to-artery ratio was calculated as: largest device-estimated
diameter by the manufacturer’s device chart at the maximal pres-
sure/reference lumen diameter from the non-stented segment as
assessed by IVUS.

CLINICAL FOLLOW-UP

Clinical follow-up information was obtained from telephone
interviews with the patients, their relatives and hospital records.
Information regarding the development of major adverse car-
diac events, predefined as death, recurrent stent thrombosis, any
myocardial infarction and any coronary revascularisation, was
collected.

STATISTICAL ANALYSIS

The Kolmogorov-Smirnov test was used to evaluate the normal-
ity assumptions of all continuous variables. Continuous variables
were expressed as mean+l standard deviation. Non-normally
distributed variables were expressed as median (interquartile
range: IQR). Categorical variables were expressed as counts (%).
Comparisons between pre- and post-intervention were estimated
with t-test analysis for paired data. In the case of non-normal dis-
tribution, comparisons between pre- and post-intervention were
estimated with the non-parametric Wilcoxon test. Comparisons
between categorical variables were performed with the chi-square
test. Comparisons of clinical outcomes between groups were per-
formed with Cox regression analysis. In order to adjust for base-
line differences between the two treatment groups (patients with
BA versus ASI) all variables with a p-value <0.10 were included
as covariates in the multivariate model (hypertension, hypercho-
lesterolaemia, body mass index, stent underexpansion prior to
any intervention as assessed by IVUS, stent restenosis prior to
any intervention as assessed by IVUS, and final TIMI flow <3).
Outcomes are presented with hazard ratio (HR; 95% confidence
interval [CI]) and with Kaplan-Meier survival curves. All meas-
ures were obtained with SPSS, Version 20.0 (IBM Corp. Armonk,
NY, USA).

Results

BASELINE DEMOGRAPHIC, ANGIOGRAPHIC AND
PROCEDURAL CHARACTERISTICS

A total of 250 patients with late ST were documented during the
study period (0.69% of all PCIs performed by all institutions par-
ticipating in the study); 117 lesions in 116 patients with late ST
were imaged with IVUS and were included in the present study.
Figure 1 shows the flow chart with patient selection. BMS throm-
bosis was observed in 52 (44.4%) and DES thrombosis in 60 cases
(51.2%). A total of 63 lesions (53.8%) were treated with BA and
54 lesions (46.2%) with ASI. Baseline demographic and angio-
graphic characteristics are shown in Table 1. At the time of the
stent thrombosis, there were no statistical differences between
groups except for body mass index (28.4 vs. 26.4 kg/m?; p<0.01).
A total of 18 patients were on dual antiplatelet therapy (16.1%
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Figure 3. Time to stent thrombosis of patients with dual or single
antiplatelet treatment discontinuation.

treated with BA vs. 14.8% with ASI; p=0.90). Figure 3 shows the
time to thrombosis after discontinuation of dual or single anti-
platelet treatment of patients without dual antiplatelet therapy. The
largest balloon and stent diameters (3.6+0.5 mm vs. 3.6+0.7 mm;
p=0.88) and balloon-to-artery ratios (1.30+0.20 vs. 1.29+0.24;
p=0.97) were similar between groups. There were five periproce-
dural complications during PCI: two coronary perforations Ellis
type II (one sealed with prolonged balloon inflation and one which
required a graft stent), two distal embolisations (one after IVUS
imaging and one after stent implantation which caused a temporary
no-reflow with ventricular fibrillation), and one coronary haema-
toma after balloon dilation which required ASI. Appendix Table 1
contains information regarding the baseline clinical, angiographic
and procedural characteristics of patients according to stent type.

QUALITATIVE IVUS FINDINGS

All patients had a pre-intervention IVUS examination. A total
of 89 patients (76%) also had IVUS imaging at the end of all
coronary interventions (post-intervention). Prior to intervention,
none of the selected IVUS findings was observed in nine lesions
(7.7%), ISA was observed in 78 (66.7%), underexpansion in 31
(26.5%), and stent restenosis in 25 (21.4%). There were no dif-
ferences in the observation of ISA (69.8% vs. 63.0%; p=0.43),
underexpansion (33.3% vs. 18.5%; p=0.07) or restenosis (15.9%
vs. 27.8%; p=0.12) between lesions treated with BA vs. ASI. Post-
intervention, persistent ISA was observed in 37.2% vs. 60.9%
of patients (p=0.03), persistent underexpansion was observed in
9.3% vs. 17.4% (p=0.26), and residual restenosis was not seen in
any patient. Table 2 shows the qualitative IVUS findings includ-
ing all possible combinations of the selected IVUS parameters.
Appendix Table 2 contains information regarding the IVUS char-
acteristics of patients according to stent type.

QUANTITATIVE IVUS DATA
Table 3 summarises the quantitative IVUS analysis. Minimal

lumen area showed a similar increase between pre- and
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Table 1. Clinical, angiographic and procedural characteristics.
Additional stent

No additional stent

|
g
n=117 lesions All patients (n=63) (n=54) E-
Clinical and angiographic characteristics at the time of the stent implantation e
Clinical indication Silent or stable angina 21 (18.2) 10 (16.1) 11 (20.8) 5
(n=115) Non-STEMI ACS 34 (29.6) 14 (22.6) 20 (37.7) 0.10 §
STEMI ACS 60 (52.2) 38 (61.3) 22 (41.5) @
Culprit artery, n (%) | LAD 66 (56.9) 36 (57.1) 30 (55.6) g
LCF 11 (9.5) 6 (9.5) 5(9.3) @
RCA 38 (32.8) 20 (31.7) 18 (33.3) 0.72 “
Left main 1(0.9) 0 1(1.9)
Vein graft 1(0.9) 1(1.6) 0
Number of stents, n+SD 1.3+0.5 1.3+0.5 1.2+0.5 0.21
Total stent length, mm+SD 25.9+13.1 26.2+11.8 25.5+14.5 0.79
Minimal stent diameter, mm+SD 3.0+0.5 3.0+0.5 3.0+£0.4 0.39
Stent type, n (%) BMS 52 (44.4) 24 (38.1) 28 (51.9)
SES] 13 (11.1) 7(11.1) 6(11.1)
RES 28 (23.9) 18 (28.6) 10 (18.5)
EES 13 (11.1) 9 (14.3) 4(7.4) 0.19
ZES 4(3.4) 1(1.6) 3 (5.6)
BES 2(1.7) 0 2 (3.7)
Unknown 5 (4.3) 4 (6.3) 1(1.9)

Clinical characteristics at the time of the stent thrombosis

Age (years), median (IQR) 61.7 (52.0 to 70.3) 57.44 (50.6 to 69.4) 63.4 (52.5t0 71.7) 0.62

Men, n (%) 108 (92.3) 57 (90.5) 51 (94.4) 0.42
Hypertension, n (%) 76 (65.0) 36 (57.1) 40 (74.1) 0.06
Hypercholesterolaemia, n (%) 87 (74.4) 43 (68.3) 44 (81.5) 0.10
Diabetes mellitus, n (%) 43 (36.8) 21 (33.3) 22 (40.7) 0.41
Smoking status, n Never 27 (23.1) 14 (22.2) 13 (24.1) 0.24
(%) Ex-smoker 44.(37.6) 20 (31.7) 24 (44.4)
Current smoker 46 (39.3) 29 (46.0) 17 (31.5)
Body mass index, median (IQR) 27.7 (24.6 to 31.1) 28.4 (26.0 to 32.0) 26.4 (24.2 to 28.8) 0.01
Ejection fraction (%), median (IQR) 55.0 (45.0 to 60.0) 51.5 (45.0 to 60.0) 55.0 (45.0 to 60.0) 0.86
Creatinine clearance (ml/min), median (IQR) 80.8 (58.0 to 97.2) 88.9 (69.3 to 100.1) 67.8 (50.8 to 87.9) 0.30
Current antiplatelet | None 12 (10.3) 7 (11.3) 5(9.3)
treatment, 0 (%) yonotherapy 86 (74.1) 45 (72.6) 41 (75.9) 0.90
Dual antiplatelet treatment 18 (15.5) 10 (16.1) 8(14.8)
Time to thrombosis (years), median (IQR) 3.6(1.0t06.2) 3.5(0.9106.2) 3.6 (1.21t06.5) 0.94
Clinical Non-STEMI ACS 18 (15.4) 7(11.1) 11 (20.4)
presentation, n (%) 'srew acs 99 (84.6) 56 (88.9) 43 (79.6) 028
Killip class, n (%) | 87 (74.4) 46 (73.0) 41 (75.9) 0.55
Il 19 (16.2) 9 (14.3) 10 (18.5)
11 6 (5.1) 4 (6.3) 2(3.7)
1% 5 (4.3) 4 (6.3) 1(1.9)
TIMI flow pre- 0 85 (72.6) 43 (68.3) 42 (77.8)
ISR, 1 (72 6(5.1) 2(3.2) 4(7.4)
2 8(6.8) 4(6.3) 4(7.4) 018
3 18 (15.4) 14 (22.2) 4(7.4)




Table 1. Clinical, angiographic and procedural characteristics. (cont'd)
Additional stent

No additional stent

[ |
=
c
5
=
[1-]
3
o _ . .
§' n=117 lesions All patients (n=63) (n=54)
= Angiographic and procedural characteristics at the time of the stent thrombosis
o Thromboaspiration, n (%) 92 (78.6) 49 (77.8) 43 (79.6) 0.81
g’ Glycoprotein lIb/llla inhibitors, n (%) 75 (64.1) 43 (68.3) 32 (59.3) 0.31
g Number of additional stents, n+SD 1.3+0.7 - 1.3+0.7 NA
o Additional stent type, BMS - - 27 (50.0)
S n (%) NA
@ DES - - 27 (50.0)
"‘ Post-dilatation, n (%) = = 20 (37.0) NA
Largest device nominal diameter, mm+SD 3.6+0.6 3.6+0.5 3.6+0.7 0.88
Largest device estimated diameter, mm+SD 3.8+0.6 3.8+0.6 3.8+0.7 0.75
Balloon-to-artery ratio+SD 1.30+0.22 1.30+0.20 1.29+0.24 0.97
Periprocedural complications, n (%) 5 (4.3) 3 (4.8) 2(3.7) 0.78
TIMI flow post- 0 1(0.9) 0 1(1.8)
intervention, n (%) 1 0 0 0
0.09
2 3(2.6) 0 3(5.6)
3 113 (96.6) 63 (100.0) 50 (92.6)

post-intervention in both groups (31.0% with BA and 20.7%
with ASI; p=0.25). Lumen volume showed a lower increase in
the group treated with BA than in the group treated with ASI
(16.3% vs. 65.7%, respectively; p<0.01). However, part of the
increase observed in the group treated with ASI was because of
the longer segment analysed post-intervention (the stent length
increased from 24.1 mm to 36.0 mm in the group with ASI;
p<0.01).

Stent areas increased between pre- and post-intervention in
both groups, but patients treated without ASI had a larger increase

Table 2. Qualitative IVUS findings.

than the group treated with ASI (minimal stent area increased by
29.7% vs. 12.1%, respectively; p<0.01). The stent expansion index
increased in the group treated with BA from 0.75 to 0.88 (p=0.01)
but remained unchanged in the group treated with ASI (from 0.80
to 0.82; p=0.92).

In the longitudinal analysis, malapposition length was only
reduced between pre- and post-intervention in the group treated
with BA (40.5% decrease) and was unchanged in the group treated
with ASI (1.7% decrease); p<0.01. Despite the percentage of
lumen volume with malapposition being reduced in both groups,

All lesions (n=117) | No additional stent (n=63) | Additional stent (n=54) p-value

Qualitative IVUS findings pre-intervention

None, n (%) 9(7.7) 5(7.9) 4(7.4) 0.92
Only malapposition, n (%) 49 (41.9) 26 (41.3) 23 (42.6) 0.89
Only underexpansion, n (%) 15 (12.8) 10 (15.9) 5(9.3) 0.29
Only restenosis, n (%) 12 (10.2) 3(4.7) 9 (16.6) 0.03
Malapposition+aneurysm 11 (9.4) 6 (9.5) 5(9.3) 0.96
Malapposition+underexpansion, n (%) 11 (9.4) 8(12.7) 3(5.6) 0.19
Underexpansion+restenosis, n (%) 3 (2.6) 1(1.6) 2 (3.7) 0.47
Malapposition+restenosis, n (%) 3(2.6) 1(1.6) 2(3.7) 0.47
Other combinations, n (%) 4 (3.4) 3(4.8) 1(1.8) 0.39

All lesions (n=89)

Qualitative IVUS findings post-intervention

No additional stent (n=43)

Additional stent (n=46)

None, n (%) 39 (43.8) 24 (55.8) 15 (32.6) 0.03
Only malapposition, n (%) 26 (29.2) 9 (20.9) 17 (37.0) 0.10
Only underexpansion, n (%) 6 (6.7) 3(7.0) 3(6.5) 0.93
Malapposition+aneurysm 12 (13.5) 6 (14.0) 6 (13.0) 0.90
Malapposition+underexpansion, n (%) 6 (6.7) 1(2.3) 5(10.9) 0.11




Table 3. Quantitative IVUS findings.

No additional stent (n=63)

Absolute
(relative
difference
%)

n=117 lesions Pre- Post-

intervention intervention

Diameters (mm=SD)

Stent length 22.7(16.7t030.6) | 223(17.71028.9) | -1.0(=3.7) | 0.14

IVUS in stent thrombosis

Additional stent (n=54)

Absolute
(relative
difference
%)

Pre- Post-
intervention intervention

22.0(18.0t029.3) {29.8 (25.6t040.5) | 11.9 (49.4) | <0.01 0.25 <0.01

Malapposition length* | 13.1(5.5t018.0) | 3.0(0to154) |—6.0(-40.5)| <0.01

Areas (mm?£SD)

15.1(10.9t022.4) | 18.6(6.0t027.0) | 0.3 (-1.7) | 0.90 0.42 <0.01

Ref lumen area 9.0+3.6 10.0+4.3 0.7 (10.8) 0.12 8.6+3.1 9.6+3.3 0.9(16.8) | <0.01 0.51 0.80
Lumen area

Maximal 15.5+9.2 16.0+8.9 5.1(32.8) 0.18 15.6+7.2 17.6+6.8 2.0 (12.6) 0.01 0.99 0.09
Mean 9.4+5.0 11.4+5.6 2.0(21.3) | <0.01 9.7+4.1 11.1£35 1.3(134) | <0.01 0.81 0.16
Minimal 5.8+3.2 7.6+3.5 1.8(31.0) | <0.01 59429 7.1+22 1.2(20.7) | <0.01 0.80 0.25
Stent area

Maximal 9.9+3.7 13.8+4.8 4.0 (40.0) | <0.01 10.3+3.1 12,9431 26(25.2) | <0.01 0.80 0.04
Mean 8.0+3.1 11.0+3.8 3.0(37.5) | <0.01 8.4+2.7 10.0£2.4 1.6(19.0) | <0.01 0.89 <0.01
Minimal 6.4+2.8 8.3+3.5 19(29.7) | <0.01 6.6+2.3 74+2.1 0.8(12.1) 0.01 0.73 <0.01
Stent expansion 0.75+0.31 0.88+0.25 0.14(27.1) | 0.01 0.80+0.24 0.82+0.26 0.01(12.0) | 0.92 0.36 0.05
Vessel area

Maximal 25.7+9.1 28.0+9.6 24(9.3) | <0.01 26.9+7.7 29.4+7.4 25(9.3) | <0.01 0.84 0.88
Mean 19.3£5.7 21.4+6.4 2.08(10.8) | <0.01 20.0+4.9 21.5+5.2 15(7.5) | <0.01 0.83 0.29
Minimal 14351 153+5.3 1.0(6.9) 0.01 14.7+4.4 14.2+4.2 -0.5(-35 | 025 0.84 0.01
Malapposition area*

Maximal 6.9 (4.1t011.7) 12(0t010.3) |—4.4(-46.8)| <0.01 | 7.1(43t011.6) | 7.52(541012.7) |-1.4(-143)| 021 0.59 <0.01
Mean 3.3(20t05.2) 0.49(0t03.6) |—-2.1(-50.0)| <0.01 3.3(20t05.1) 3.7(1.6t052) |-13(-27.1)| 0.12 0.66 0.10
Maximal neointimal area| 1.6 (1.0 to 2.6) 25(1.7t034) | 0.7(355) | <0.01 1.7(0.9t03.1) 2.1(15t02.7) | 0.0(-1.8) 0.94 0.94 0.17
Lumen volume 253.1+196.7 294.3+2145 | 41.2(16.3) | <0.001 |  237.0«1523 392.6+217.9 | 155.6(65.7) | <0.001 | 0.83 <0.01
Stent volume 207.2+117.2 279.3+156.5 | 72.1(35.0) | <0.001 |  201.1+101.0 352.7+161.9 | 151.6 (43.0) | <0.001 | 0.45 <0.01
Vessel volume 502.4+270.2 538.8+284.1 36.4(7.2) 0.004 | 482.4+240.2 762.5+372.7 | 280.2(58.1) | <0.001 | 0.50 <0.01
Malapposition volume *

Malap./lumen, 34.6(15.31090.8)| 1.5(0t057.0) |-33.8(-43.6)] <0.001 | 52.8 (19.5t0100.9) [54.9 (15.0t0 117.1)| —2.1(-2.6) | 0.874 | 0.42 0.03
% +SD* 21.5+15.7 8.4+12.1 -13.1 <0.001 24.9+17.7 15.7+114 -9.1 0.006 | 0.35 <0.01
Neointima volume 46(0to14.1) | 13.0(5.0t019.0) | 5.7(50.0) 0.003| 36(0.1t021.8) | 95(.7t020.2) | 4.8(25.8) 0.381| 0.51 0.41

p=: comparison of pre-treatment values between patients without vs. with additional stent implantation (ASI); p®: comparison of absolute differences between patients without vs. with ASI
(except for volume comparisons that have been performed using the relative differences); *only measured in patients with malapposition

the group treated with BA had a larger reduction than the group
treated with ASI (13.1% vs. 9.1%; p<0.01). In the group treated
with ASI there were no changes in the amount of malapposition
volume between pre- and post-intervention (82.3 vs. 80.2 mm?,
p=0.87).

OUTCOMES

Clinical data were available in 110 patients (95%) with a median
of 2.9 years (IQR 1.9 to 4.6) of follow-up. All patients have
completed at least one year of clinical follow-up. A total of 13
patients (11.8%) died: 12.1% treated with BA vs. 11.5% treated
with ASIT (HR 0.505, CI: 0.109-2.346; p=0.38). Only five deaths

(4.5%) were from cardiac or unknown causes: 3.4% vs. 5.8%,
respectively (HR 0.818, CI: 0.095-7.035; p=0.86). Target lesion
revascularisation was observed in four (6.8%) vs. three (5.8%)
patients treated with BA and with ASI, respectively (HR 0.967,
CI: 0.095-9.879; p=0.98). Recurrent definite or probable ST was
documented in five patients (4.5%) at a median time of 12 months
(IQR 10 to 27): one (1.7%) treated with BA vs. four (7.7%) treated
with ASI (HR 16.232, CI: 0.640-411.700; p=0.09). Figure 4 shows
the Kaplan-Meier survival curves from cardiac death, target lesion
revascularisation and recurrent definite or probable ST. Table 4
shows the clinical, angiographic and procedural characteristics of
patients with recurrent ST.
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Figure 4. Cardiac outcomes between patients treated with balloon angioplasty vs. additional stent implantation. Survival curves of cardiac
death (A4), target lesion revascularisation (B) and recurrent stent thrombosis (C).

Table 4. Cases with recurrent stent thrombosis.

Demographic characteristics Man 65 years Man 56 years Man 44 years Man 50 years Man 39 years
Cardiovascular risk | Smoking Ex-smoker Smoker Smoker Smoker Smoker
factors Diabetes mellitus Yes (insulin) No No No No
Chronic renal failure Yes (dialysis) No No No No
Ejection fraction 41% 55% 51% 60% 55%
Chargcteristics at Localisation Mid-RCA Distal-RCA Mid-RCA Distal-RCA Proximal-RCA
the first ST Type of stent Everolimus DES BIS Zotarolimus DES BIS Paclitaxel DES
Sizexlength 3.5%x15 mm 4.0x23 mm 3.0x30 mm 3.5%22 mm 3.5%24 mm
Time to first thrombosis 52 days 17 months 14 months 5 months 13 months
Antiplatelet treatment AAS+Clopidogrel AAS AAS None (stopped 20 days ago) AAS
Clinical presentation STEMI (primary PCI) Non-STEMI STEMI STEMI STEMI
IVUS findings of first | ISA Yes (<2 mm) Yes (12 mm) Yes (30 mm) Yes (15 mm) Yes* (8 mm)
ST Aneurysm No No Yes No No
Underexpansion Yes (+++ calcification) No No No No
Neoatherosclerosis No No No No No
Treatment of the Thromboaspiration No Yes Yes Yes No
frst ST Glycoprotein lIb/llla inhibitors No No Yes Yes (post stent) Yes
Additional stent implantation Yes Yes Yes Yes No
Stent type Paclitaxel DES BMS 4 BMS Zotarolimus DES No
Procedural complications No Yes (haematoma) No Yes (embolisation) No
Final TIMI flow 3 3 3 2 3
IVUS fin_dings after ISA No Yes (8 mm) Yes (49 mm) Yes (25 mm) Yes* (2 mm)
PClof first ST Aneurysm No No Yes No No
Underexpansion No No No No No
Probable neoatherosclerosis No No No No No
Characteristics at Time to first thrombosis 2.4 years 13 months 3.5 years 8 months 10 months
the second ST Antiplatelet treatment AAS AAS+Prasugrel AAS AAS+Clopidogrel AAS+Clopidogrel
Clinical presentation Sudden death Non-STEMI Non-STEMI STEMI STEMI
Treatment - Balloon angioplasty | Additional stent Balloon angioplasty Additional stent
*Case 5 had one DES implanted in the RCA ostium with malapposition of the proximal segment. The intracoronary wire went into the malapposition area and re-crossed intra-stent at 2 mm.
The first IVUS imaging was performed after predilation with a small balloon. IVUS images before intervention showed the crushed stent at the ostium. After post-dilation with a 4 mm
non-compliant balloon there was residual malapposition with 2 mm of crushed stent. No additional stent was implanted.




Discussion

The major findings of this study are the following. 1) According
to the IVUS images, ISA and stent underexpansion are the most
frequent findings observed in patients with late ST (>75%). 2)
Treatment of late ST with BA is associated with fewer patients
with persistent ISA, larger expansion of the stent sizes and with
greater reduction of the malapposition volume compared to patients
treated with ASI. 3) At two years, patients with late ST treated with
PCI and imaged with IVUS show favourable outcomes. However,
patients treated with BA have a non-significant numeric difference
of lower recurrent ST compared to patients treated with ASI.

Non-optimal criteria of stent implantation are commonly
observed immediately after stent implantation as assessed by IVUS.
Stent malapposition and stent underexpansion are observed in
around 10% and 40% of patients, respectively'®!”. Although such
IVUS findings are observed in a larger proportion in patients with
late ST?2!, several randomised studies comparing angiographically
guided vs. [IVUS-guided procedures have found no or a mild rela-
tionship between these “IVUS findings” and clinical events®.

According to pathologic studies, the most important cause of
late ST is lack of strut coverage’?. Stents with a ratio of uncov-
ered to total stent struts per section (RUTSS) >30% had a higher
risk of thrombosis’. Pathologic and optical coherence tomography
(OCT) studies have also shown that uncovered struts are often
malapposed struts®*?. ISA has been related to late ST by different
mechanisms. First, allergic reactions to the stent components have
been associated with positive vessel remodelling, detaching the
stent from the vessel wall and causing late acquired stent malap-
position'®. Second, lack of apposition immediately after stent
implantation hampers the healing process and increases the like-
lihood that some of the malapposed struts will never be covered
with neointima®?. This process is referred to as persistent ISA
and is the most plausible mechanism of malapposition in stents
implanted during STEMI. In our study, >50% of patients with
ST had stents implanted during STEMI at the index procedure.
Accordingly, 73% of patients with STEMI at the index procedure
had ISA at the ST procedure compared with 60% of patients with
other clinical indications at the index procedure (p=0.12).

Stent restenosis has been reported as another important cause
of ST. However, the pathophysiologic mechanisms of ST throm-
bosis in patients with excessive neointima are still uncertain. The
disruption of vulnerable neoatherosclerotic plaques has been iden-
tified as one potential mechanism of stent thrombosis in patients
with excessive neointima. Kang et al observed neoatheroscle-
rosis or neointimal disruptions in 70% of 33 patients with late
ST imaged with OCT?. IVUS assessment of neoatherosclero-
sis is challenging and has no clear definition. The present study
included 25 patients with IVUS criteria of restenosis (21.4%). The
IVUS images of those patients showed that 20 patients could have
neoatherosclerotic plaques according to the definition of the pre-
sent study. However, it is possible that a considerable number of
neoatherosclerotic plaques were unseen because of the low axial
resolution of the IVUS images.

IVUS in stent thrombosis

Finally, stent thrombosis can be caused by insufficient anti-
platelet therapy'®. However, most of the patients with very late ST
(>1 year) have no indications for dual antiplatelet therapy and are
considered for single antiplatelet treatment according to the cur-
rent guidelines'?.

According to previous studies, it is possible that IVUS imaging
would reduce the number of stents used during treatment of late
ST. Waldo et al performed IVUS in 27% of 205 patients with early
or late ST, and all cases were treated with ASI (100%)'. In the
RESTART registry, 57% of 611 patients with sirolimus DES late
ST were imaged with IVUS and only 40% of patients were treated
with ASP. In the present study, >50% of patients with ST were
studied with intravascular imaging techniques and 46% of patients
were treated with ASI. The use of ASI can also be affected by the
presence of stent restenosis. In our study, 60% of patients with
restenosis were treated with ASI. Most of the patients with late ST
and restenosis (68%) had been treated with BMS at the index pro-
cedure. Although drug-eluting balloons (DEB) are recommended
for treatment of stent restenosis'?, only two patients in the non-
ASI group were treated with DEB at the time of the ST. It is possi-
ble that the operators would have preferred the use of ASI instead
of BA or BA with DEB due to the potential risk of disrupted neo-
atherosclerotic plaques as the cause of ST. Finally, ASI can also be
necessary in cases of persistent thrombus with TIMI flow <3 or in
cases with periprocedural complications.

Large registries of patients with late ST have shown worse car-
diac outcomes in patients treated with ASI as compared to patients
treated without ASI>°. According to the results of the present
study, it is possible that patients treated with ASI still had a large
malapposition volume and this may increase the risk of recurrent
ST. Although both groups were treated using a similar balloon-to-
artery ratio, the stent segment of the patients treated with ASI was
lengthened without the malapposition length and volume being
reduced. In contrast, patients treated without ASI had a larger
reduction of malapposition volume and, in most cases, there was
a complete resolution of the malapposed segment. Therefore, BA
assisted by IVUS guidance should be the first intention to treat
in cases with ST caused by stent malapposition and/or underex-
pansion. In these cases, optimisation of antiplatelet treatment with
novel antiplatelet drugs would also be advisable. Furthermore, the
use of DEB should be considered in cases with IVUS evidence of
neointimal proliferation.

Limitations

This study was observational. All comparisons performed in this
study must be considered with caution and are only hypothesis-
generating. The treatment strategies of ST were probably influ-
enced by procedural characteristics that forced the operators to use
one of the two strategies. Moreover, no pre-specified criteria to
implant ASI or not were used, and all decisions were left to the
operator’s discretion. The second limitation of the study is that
IVUS was only performed in around 50% of patients presenting
to our institutions with definite late ST. However, this percentage
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is one of the highest rates of IVUS-guided procedures for ST
treatment according to previous studies. Finally, IVUS is unable
to assess the main cause of late stent thrombosis, namely lack of
strut coverage.

Conclusions

The majority of cases with late ST had stent malapposition and
stent underexpansion as assessed by IVUS. Patients treated with
BA without ASI presented with a larger reduction or correction
of the malapposition and underexpansion compared to patients
treated with ASI. Moreover, patients treated with BA had simi-
lar outcomes to patients treated with ASI, with a non-significant
numeric difference of lower risk of recurrent ST. Although further
investigations are required, BA without ASI seems to be safe and

effective for the treatment of definite late ST.

Impact on daily practice

Most of the patients suffering from late stent thrombosis (ST)
have incomplete stent apposition (ISA) and/or stent under-
expansion as assessed by intravascular ultrasound (IVUS).
Treatment of late ST with balloon angioplasty (BA) is associ-
ated with greater resolution of ISA and stent underexpansion
compared to patients treated with additional stent implantation
as assessed by IVUS. It is associated with favourable outcomes
and a trend towards a lower risk of recurrent thrombosis.
The take-home message of this study is that IVUS guidance
for treatment of late stent thrombosis without additional stent
implantation is safe, effective and can reduce the risk of recur-
rent thrombosis.
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Appendix Table 1. Baseline clinical, angiographic and procedural
characteristics of patients with stent thrombosis according to the
stent type.

Appendix Table 2. TVUS findings at pre-intervention according to
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Supplementary data

IVUS in stent thrombosis

Appendix Table 1. Baseline clinical, angiographic and procedural characteristics of patients with stent thrombosis according to the stent

type.

n=112 lesions

Bare metal stent
(n=52)

Clinical and angiographic characteristics at the time of the stent implantation

First-generation DES | Second-generation

DES (n=19)

Clinical indication, Silent or stable angina 7 (13.5) 12 (30.0) 1 {(3.3)
5} Non-STEMI ACS 7(13.5) 14 (35.0) 12 (63.2) <0.01
STEMI ACS 38(73.1) 14 (35.0) 6 (31.6)
Culprit artery, n (%) LAD 23 (44.2) 29 (70.7) 12 (63.2)
LCF 5(9.6) 2(4.9) 3(15.8)
RCA 24 (46.2) 8(19.5) 4(21.1) 0.08
Left main 0 1(2.4) 0
Vein graft 0 1(2.4) 0
Number of stents, n+SD 1.4+0.7 1.1+0.3 1.4+1.1 0.04
Total stent length, mm+SD 23+7.6 26.5+16.5 30.5+15.0 0.13
Minimal stent diameter, mm+SD 3.2+0.5 2.8+0.3 2.8+0.3 <0.01
Clinical characteristics at the time of the stent thrombosis
Age (years), median (IQR) 66.5+11.8 60.1+11.2 62.61+11.5 0.70
Men, n (%) 50 (96.2) 34 (82.9) 19 (100) 0.02
Hypertension, n (%) 36 (69.2) 29 (70.7) 9 (47.4) 0.17
Hypercholesterolaemia, n (%) 36 (69.2) 33 (80.5) 14 (73.7) 0.47
Diabetes mellitus, n (%) 12 (23.1) 19 (46.3) 8(42.1) 0.05
Smoking status, n (%) Never 10 (19.2) 10 (24.4) 3(15.8)
Ex-smoker 27 (51.9) 12 (29.3) 5(26.3) 0.09
Current smoker 15 (28.8) 19 (46.3) 11 (57.9)
Ejection fraction (%), mean+SD 50.8+8.3 56.2+11.0 51.2+12.2 0.04
Antiplatelet treatment, | None 2 (3.8) 7(17.1) 3(15.8)
n el Monotherapy 44 (84.6) 30 (73.2) 10 (52.6) <0.01
Dual antiplatelet treatment 6(11.6) 4(9.7) 6 (31.6)
Time to thrombosis (years), median (IQR) 4.0(0.61t07.7) 4.0 (2.4 10 5.8) 1.7 (0.8t0 3.7) 0.02
Clinical presentation, Non-STEMI ACS 8(15.4) 5(12.2) 5(26.3)
15 STEMI ACS 44 (84.6) 36 (87.8) 14 (73.7) ool
Killip class, n (%) I 44 (84.6) 30(73.2) 10 (52.6)
[l 6 (11.5) 7(17.1) 6 (31.6)
I 1(1.9) 3(7.3) 2(10.5) 022
1% 1(1.9) 1(2.4) 1(5.3)
Angiographic and procedural characteristics at the time of the stent thrombosis
TIMI flow pre- 0 42 (80.8) 28 (68.3) 12 (63.2)
REEUEATS 717 1 1(1.9 4(9.8) 1(53)
2 5(9.6) 2(4.9) 1(5.3) 024
3 4(7.7) 7 (17.1) 5 (26.5)
Thromboaspiration, n (%) 42 (80.8) 35 (85.4) 12 (63.2) 0.13
Glycoprotein lIb/Illa inhibitors, n (%) 32 (61.5) 29 (70.7) 11 (57.9) 0.54
ST treatment Balloon angioplasty 24 (46.2) 24 (58.5) 11 (57.9) o
Additional stent implantation 28 (53.8) 17 (41.5) 8(42.1)
Additional stent type, BMS 14 (50.0) 10 (58.8) 2 (25.0)
(%) DES 14 (50.0) 7 (41.2) 6 (75.0) 00
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Appendix Table 1. Baseline clinical, angiographic and procedural characteristics of patients with stent thrombosis according to the stent

type. (cont'd)

n=112 lesions

Bare metal stent

(n=52)

First-generation DES | Second-generation

Angiographic and procedural characteristics at the time of the stent thrombosis

DES (n=19)

Post-dilatation, n (%) 11 (37.9) 7 (35.0) 4 (50.0) 0.76
Largest device nominal diameter, mm+SD 3.7+0.6 3.4+0.4 3.7+£0.71 0.05
Largest device estimated diameter, mm=SD 3.9+0.7 3.6+0.4 4.0+0.7 0.04
Balloon-to-artery ratio+SD* 0.90+0.19 0.93+0.25 0.92+0.23 0.12
Periprocedural complications, n (%) 4(7.7) 0 0 0.09
TIMI flow post 0 0 1(2.4) 0
treatment, n (%) 1 0 0 0
2 3(5.8) 0 0 026
8 49 (94.2) 40 (97.6) 10 (100.0)

Appendix Table 2. IVUS findings at pre-intervention according to the stent type.

n=112 lesions

Bare metal stent

(n=52)

First-generation DES

(n=41)

Second-generation
DES (n=19)

p-value

None, n (%) 1(1.9) 6 (14.6) 2(10.5) 0.08
Malapposition, n (%) 18 (34.6) 19 (46.3) 8(42.1) 0.52
Underexpansion, n (%) 7 (13.5) 7(17.1) 0 0.17
Restenosis, n (%) 8 (15.4) 2(4.9) 2 (10.5) 0.27
Malapposition+aneurysm 7 (13.5) 3(7.3) 1(5.3) 0.48
Malapposition+underexpansion, n (%) 4(7.7) 2 (4.9) 5(26.3) 0.03
Underexpansion+restenosis, n (%) 1(1.9) 2(4.9) 0 0.50
Malapposition+restenosis, n (%) 3(5.8) 0 0 0.17
Other combinations, n (%) 3(5.8) 0 1(5.3) 0.31




