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Preamble
7KH¿UVWEDOORRQFRURQDU\DQJLRSODVW\ZDVSHUIRUPHG
in Zurich by Andreas Grüntzig in 1977. The patient, a
38-year-old man with severe angina and a tight stenosis on the left anterior descending artery, is still alive, is doing well, and he celebrated the 40 year anniversary of his percutaneous coronary interventions
(PCI) in 2017 (Figure 1). During the last decades, PCI
techniques have undergone major improvements with
WKH ¿UVW UHDO JDPH FKDQJHU EHLQJ WKH LQWURGXFWLRQ RI
bare metal stents, which made PCI safer and improved
longer-term outcomes. Later on, drug-eluting stents
(DESs) were introduced, which resulted in a major re-

duction in restenosis and also – with the newer generation DES – a low rate of stent thrombosis. Further, the
introduction of intracoronary pressure measurements
for assessment of severity of coronary stenosis [fracWLRQDOÀRZUHVHUYH ))5 DQGLQVWDQWDQHRXVZDYHIUHH
ratio (iFR)] and intracoronary imaging [intravascular
ultrasound (IVUS) and optical coherence tomography
2&7 @ IRU OHVLRQ DVVHVVPHQW KDV UH¿QHG OHVLRQ DQG
procedure assessment. Improved outcomes were also
fostered by development of better and safer adjunctive
antithrombotic drugs and secondary prevention, optimizing drug-device synergy. Still, 40 years later the reVHDUFKLQWKHFRURQDU\LQWHUYHQWLRQDO¿HOGLVYHU\LQWHQse, and we aim here to summarize major developments
in PCI published in 2017.

Myocardial revascularization

FIGURE 1. The first patient (left) to receive balloon angioplasty by Andreas Grüntzig in 1977 standing next to the
President of EAPCI, Professor Michael Haude (middle), and
Professor Bernhard Meier (right)
This Figure has been reprinted by permission of Oxford University Press on
behalf of the European Society of Cardiology

Percutaneous coronary intervention
technique
The SYNTAX (Synergy between PCI with Taxus and
Cardiac Surgery) II study investigated the impact of a
contemporary PCI strategy on clinical outcomes of 454
patients with three-vessel disease (1). Characteristics of
the SYNTAX II strategy that captures all components of
today’s ‘best of PCI practice’ are summarized in Figure
2. Following this approach systematically, the authors
demonstrated major adverse cardiac and cerebrovascular events (MACCE) at 1 year to be much improved
with respect to a matched historical PCI cohort from the
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FIGURE 2. Combined advances in percutaneous coronary intervention performance defining the ‘Best of PCI Practice’ applied
in the SYNTAX-II study, as described by Escaned et al (1) reproduced with permission from the European Heart Journal
This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology

SYNTAX I trial (10.6% vs. 17.4%; P = 0.006). The better result of the contemporary PCI strategy compared
with the procedural technique followed at the time of
the SYNTAX I trial was driven by a lower risk of myocardial infarction (MI) and revascularization, with a parallel reduction in stent thrombosis. Overall, the SYNTAX
II study suggests that the combination of best practice
components in PCI technique portends improved patient outcomes beyond what can be achieved by introducing one single new element. Because these results
outperform PCI results obtained in the earlier SYNTAX
I trial, the hypothesis was generated that a new randomized study of modern best PCI practice in patients
with three-vessel disease might show non-inferiority vs.
coronary artery bypass grafting (CABG) (1).
Glimpsing to the future, the feasibility and technical
success of robotically-assisted PCI for complex coronary lesions were investigated in 334 procedures from
315 patients included in the Complex Robotically Assisted Percutaneous Coronary Intervention (CORA-PCI)
study (2). In 108 procedures of robotically-assisted PCI,
technical success was 91.7% and clinical success was
99.1%. A propensity-matched analysis of 82 pairs showed that the procedures were longer in patients undergoing robotically-assisted PCI compared with patients
undergoing standard PCI, but clinical success rates
ZHUHVLPLODU  5RERWLFDOO\DVVLVWHG3&,PLJKW¿QGLWV
niche sooner than expected, boosted by the opportu-

nity to further reduce radiation burden to the operator
and team.
Contrast-induced nephropathy
7KHLPSDFWRIGLႇHUHQWVWUDWHJLHVIRUSUHYHQWLRQRIFRQWrast-induced nephropathy is still a matter of debate.
7KHHႇHFWRILQWUDYHQRXVVDOLQHIRUSDWLHQWVXQGHUJRLQJ
an elective procedure requiring iodinated contrast material administration was tested in the single-centre,
open-label A MAastricht Contrast-Induced Nephropathy Guideline (AMACING) trial, where 660 consecutive
VXEMHFWVZLWKDQHVWLPDWHGJORPHUXODU¿OWUDWLRQUDWHRI
30–59 mL per min/1.73 m2 were randomized to receive intravenous isotonic saline or no prophylaxis (3).
Contrast-induced nephropathy occurred in 2.6% of
non-hydrated patients and in 2.7% of hydrated patients,
meeting the criteria for non-inferiority of no prophylaxis. Notably, intravenous hydration was associated with
higher costs and rates of clinical sequelae, including
symptomatic heart failure and arrhythmias.
A network meta-analysis of 28,240 patients undergoing
3&,IURPUDQGRPL]HGWULDOVFRPSDUHGGLႇHUHQW
strategies for preventing contrast-induced nephropathy
(4). Statin administration was associated with a marked
and consistent reduction in the risk of contrast-induced
nephropathy compared with saline, while the evidence
IRU WKH EHQH¿W RI RWKHU WUHDWPHQW VWUDWHJLHV LH [DQ
thine, N-acetylcysteine, sodium bicarbonate, ischaemic
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In contrast with these results, the Double Kissing and
Double Crush vs. Provisional T Stenting Technique
for the Treatment of Unprotected Distal Left Main True
Percutaneous coronary intervention vs.
Bifurcation Lesions (DK-CRUSH) V trial, a study of a
coronary artery bypass grafting for left
planned double kissing crush technique vs. provisiomain disease
nal stenting for left main PCI of true bifurcation lesions
After publication of the Evaluation of XIENCE vs. Co1   IRXQG D VLJQL¿FDQW UHGXFWLRQ LQ WDUJHW OHVLRQ
URQDU\$UWHU\%\SDVV6XUJHU\IRU(ႇHFWLYHQHVVRI/HIW failure (TLF) at 12 months with the two-stent strategy,
Main Revascularization (EXCEL) and Nordic-Baltic-Bri- driven by lower rates of target vessel MI with parallel
tish left main revascularisation study (NOBLE) trials in reduction in stent thrombosis (6). Notably, the double
2016, a plethora of updated meta-analyses of PCI vs. kissing crush technique also showed favourable longCABG for unprotected left main coronary artery disea- term outcomes compared with the culotte technique in
se (CAD) has been published this year. Taking a cau- left main PCI (7).
tious approach to these mid-term data, it seems that Five year outcomes of the double kissing crush techCABG may protect against further revascularization nique from the DKCRUSH-II trial have also become
DQG WKDW WKHUH LV QR VLJQL¿FDQW GLႇHUHQFH ZLWK UHJDUG available (8). In this study, a total of 370 patients with
to all-cause mortality. A patient-centred strategy, based bifurcation lesions were randomly assigned to the
on a heart team conference decision taking patient pre- double kissing crush or provisional stenting strategies
ference and relevant comorbidities into consideration, (resulting in 28.6% of cases with double stent use). At
seems to be the way forward based on the currently 5 years, MACE occurred in 23.8% of patients in the proavailable data.
visional group and 15.7% of patients in the double kissiQJFUXVKJURXSWUHQGLQJWRZDUGVVWDWLVWLFDOVLJQL¿FDQFH
Treatment of chronic total occlusion
(P = 0.051).
Three trials of PCI for chronic total occlusion (CTO) plus Despite the above data, the debate on how to best apguideline-directed medical therapy vs. guideline-direc- proach bifurcations with large diseased side branches
ted medical therapy alone (DECISION-CTO, EuroCTO, or left main bifurcation stenosis continues. In such
REVASC) have been presented this year at major inter- lesions the DKCRUSH may be considered if an upfront
ventional cardiology meetings, but are currently unpub- two-stent technique is chosen. However, many operalished. In view of their premature termination or small tors favour a single-stent strategy, with use of provisisample size, these trials do not address conclusively onal culotte or T-stenting strategies, in the majority of
WKHGHEDWHRQWKHEHQH¿WRI&72UHYDVFXODUL]DWLRQZLWK cases.
3&,$OWKRXJKWKHUHZDVQRGLႇHUHQFHLQPRUWDOLW\DQG
MI, this may have been due to excessive cross-over In-stent restenosis
rates and concomitant treatment of other non-occlusi- Strategies for improving PCI for in-stent restenosis conve lesions. Moreover, the only trial with a quality-of-life tinue to be the object of ongoing investigation. In the
HQGSRLQW (XUR&72  UHDFKHG D GLႇHUHQFH LQ IDYRXU RI Intracoronary Stenting and Angiographic Results: OpPCI in CTO lesions, which may be all you can expect timizing Treatment of Drug-Eluting Stent In-Stent Reswith short-term follow-up in patients with stable angina WHQRVLV ,6$5'(6,5( WULDOPRGL¿FDWLRQRILQVWHQW
and primarily non-LAD lesions.
restenosis neointima with scoring balloon pre-dilatation
EHIRUH GUXJFRDWHG EDOORRQ DSSOLFDWLRQ SURYHG VLJQL¿Percutaneous coronary intervention
cantly better than a drug-coated balloon standard thein bifurcations
rapy only with respect to percentage diameter stenosis
Systematic two stent techniques are not necessary and angiographic restenosis at 6- to 8-month follow-up
for the majority of bifurcation lesions. However, bifur- angiography (9).
FDWLRQVZLWKODUJHVLGHEUDQFKHVDQGVLJQL¿FDQWRVWLDO
disease length are typically treated with a two-stent
technique upfront. The validity of this concept has been Percutaneous coronary intervention for
challenged by the EBC (European Bifurcation Club) acute coronary syndromes
trial, which randomized 200 patients with large caliber Thrombectomy for ST-segment elevation
WUXH ELIXUFDWLRQ OHVLRQV DQG VLJQL¿FDQW RVWLDO GLVHDVH myocardial infarction
OHQJWK PP WRHLWKHUDSURYLVLRQDO7VWHQWVWUDWHJ\ A pooled analysis of individual patient data from three
(resulting in the use of two stents in 16% of cases) or large randomized trials [Thrombus Aspiration During
a dual stent culotte technique (5). The composite of Percutaneous Coronary Intervention in Acute Myocarall-cause death, MI, and target vessel revasculariza- dial Infarction (TAPAS), Thrombus Aspiration in ST-EleWLRQ DW  \HDU IROORZXS GLG QRW GLႇHU VLJQL¿FDQWO\ EHW- vation Myocardial Infarction in Scandinavia (TASTE),
ween groups, while procedure time, radiation dose and and Trial of Routine Aspiration Thrombectomy With PCI
cost considerations favoured the simpler strategy (5). vs. PCI Alone in Patients With STEMI (TOTAL)] provipreconditioning, and natriuretic peptide) was less robust by sensitivity analyses (4).
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ded novel insights about thrombus aspiration for ST-elevation myocardial infarction (STEMI) (10). By including
SDWLHQWVWKHVWXG\GLGQRWVKRZDVLJQL¿FDQWUHduction in cardiovascular death when thrombus aspiration was compared with standard therapy. There were
DOVRQRGLႇHUHQFHVEHWZHHQWKURPEXVDVSLUDWLRQDQGQR
thrombus aspiration with respect to stroke or transient
ischaemic attack, recurrent MI, stent thrombosis, heart
failure, or target vessel revascularization (10). Although
routine use of mechanical thrombus aspiration is no longer recommended, prior safety concerns regarding the
ULVNRIVWURNHFRXOGQRWEHFRQ¿UPHG%HFDXVHDWUHQG
towards reduced cardiovascular death and increased
stroke or transient ischaemic attack was found in the
subgroup of patients with high thrombus burden, future studies may want to investigate improved thrombus
aspiration technologies in this high-risk subgroup.

wer in patients who underwent initial PCI of the culprit
lesion only compared with those who underwent immediate multivessel PCI (15).

New clinical practice guidelines for
ST-segment elevation myocardial infarction
New guidelines have been released by the European
Society of Cardiology in 2017 on the management of
patients with STEMI (12). The document incorporates
some notable changes in recommendations compared with the previous version published 5 years earlier.
From a technical standpoint, recommendation grades
for radial access and DES use in primary PCI were upgraded from IIa to I and routine thrombus aspiration
was downgraded from IIa to III. Complete revascularization for STEMI patients with MVD was upgraded
from III to IIa and routine deferred stenting of the culprit
lesion is not recommended (class III). However, the opNon-culprit lesion treatment in ST-segment
timal timing (during the procedure, during index hospielevation myocardial infarction
talization, staged) of complete revascularization remaManagement of non-infarct-related coronary arteries ins to be determined. Grade IIa recommendation was
after primary PCI for STEMI remains controversial. In also applied for complete revascularization during the
the Compare-Acute trial, 885 patients with STEMI and index procedure in STEMI patients with MVD who premultivessel disease (MVD) who underwent primary PCI sent with cardiogenic shock. Based on the results of the
were randomized in a 1:2 fashion to complete revas- CULPRIT-SHOCK trial, providing compelling evidence
cularization of non-infarct-related coronary arteries gu- against immediate multivessel PCI in this setting, this
ided by FFR or no revascularization of non-infarct-re- recommendation can no longer be supported. On the
ODWHG FRURQDU\ DUWHULHV   7KHUH ZDV D VLJQL¿FDQW adjuvant pharmacology side, intraprocedural bivalirureduction in MACCE at 1 year with FFR-guided comp- din was downgraded from class I to IIa and enoxaparin
lete revascularization (8% vs. 21%; P < 0.001). The be- was upgraded from IIb to IIa. Cangrelor is now added
QH¿W ZDV PRVWO\ GULYHQ E\ D UHGXFHG ULVN RI UHYDVFX- as IIb for patients who are P2Y12-inhibitors-naïve, and
larization. A potential drawback is the use of a control ticagrelor is proposed up to 36 months for patients at
group that, in opposition to ESC guidelines (12), was high ischaemic risk (IIb).
QRW RႇHUHG LVFKDHPLDJXLGHG IXOO UHYDVFXODUL]DWLRQ
Meta-analyses published so far on the topic do not incorporate the results of this study. In one of them fo- Devices
cusing on the issue of timing for PCI of non-culprit Drug-eluting stents
artery lesions, which encompassed a total of 10 trials Several randomized controlled trials of DES vs. DES
with 2285 patients, the reduction in the risk of cardio- reported longer-term follow-up in the past year. These
vascular events was observed irrespective of the timing follow-up studies are summarized in Table 1 (16–20).
of non-infarct-related coronary artery revascularization The overall picture from these comparisons based on
(13). Moreover, the iFR in ST-segment Elevation Myo- non-inferiority trials suggests that the 1 year and longcardial Infarction (iSTEMI) trial suggested that physiolo- term outcomes with newer-generation DES is very
JLFDOGLVDUUDQJHPHQWVLQ67(0,SDWLHQWVDႇHFWIXQFWLR- JRRGZLWKRXWQRWDEOHGLႇHUHQFHVEHWZHHQEUDQGV
nal assessment of non-culprit lesions for at least 5 days In a DES vs. DES comparison with 1 year follow-up
while re-evaluation more than 2 weeks after STEMI may available, the sirolimus-eluting, thin-strut biodegradabyield a physiological assessment comparable to stable le-polymer Orsiro stent was evaluated in the BIOFLOW
conditions (Thim et al.) (14). Future studies will assess V study (N = 1334) and compared with the durable-polywhether full immediate revascularization or full staged mer Xience stent. Six percent of patients in the Orsiro
revascularization are the best treatment strategy.
group and 10% of patients in the Xience group met the
,QWKHVHWWLQJRIFDUGLRJHQLFVKRFNWKHHႈFDF\DQGVD- 12-month primary endpoint of TLF (P = 0.0399) (21). It
fety of treating non-infarct-related coronary arteries in is noteworthy that the Xience stent in the BIOFLOW V
the context of primary PCI has been a matter of debate. had higher TLF rate in selected lower-risk patients at
In the Culprit Lesion Only PCI vs. Multivessel PCI in 12-month follow-up than in an ‘all-comers’ population
Cardiogenic Shock (CULPRIT-SHOCK) trial (N = 706), at 2 year follow-up in the previous SORT OUT IV trial
   7KHGLႇHUHQFHLQ7/)ZDVSULPDULO\GULYHQE\
the 30-day risk of a composite of death or severe renal failure leading to renal-replacement therapy was lo- DGLႇHUHQFHLQWDUJHWYHVVHO0, YV ZKLFK
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TABLE 1. Long-term (t2 years) follow-up of randomized comparisons of drug-eluting stents published in 2017
Study acronym

Study
DES

Comparator DES

No of
patients

Randomization

Follow-up
(years)

Endpoint

Events

P-value

SORT OUT V (18)

Nobori

Cypher

2468

1:1

5

MACE

14.8% vs. 15.8%

0.53

COMPARE 2 (16)

Nobori

Xience

2707

2:1

5

MACE

17.3% vs. 15.6%

0.26

SORT OUT VI (20)

Resolute

Biomatrix

2999

1:1

3

MACE

8.6% vs. 9.6%

0.36

DUTCH PEERS (17)

Resolute

Promus
Element

1811

1:1

3

MACE

11.7% vs. 11.4%

0.77

SORT OUT VII (19)

Orsiro

Nobori

2225

1:1

2

TLFa

6.7% vs. 7.0%

0.71

SORT OUT, Scandinavian Organization for Randomized Trials with clinical OUTcome; DES, drug-eluting stent; MACE, major adverse cardiac events; COMPARE, abluminal biodegradable polymer biolimus-eluting stent vs. durable polymer everolimus-eluting stent; DUTCH PEERS, DUrable Polymer-Based STent
CHallenge of Promus ElemEnt vs. ReSolute Integrity; TLF, target lesion failure. aMACE not reported.

ZDVQRWH[SODLQHGE\GLႇHUHQFHVLQGH¿QLWHVWHQWWKURPbosis (0.5% vs. 0.7%) (21).
The SENIOR trial randomized elderly patients undergoing PCI to DES or bare metal stent (BMS) with use of
a short duration of dual antiplatelet therapy [DAPT for
1 month in elective patients, 6 months in patients with
acute coronary syndromes (ACS)]. The study found a
VLJQL¿FDQW UHGXFWLRQ LQ WKH FRPSRVLWH HQGSRLQW LQFOXding all-cause mortality, MI, stroke, and ischaemia-driven target lesion revascularization in the DES group
(23). The incidence of bleeding complications was similar (5%) for the DES and BMS groups. The conclusion
is that BMS should no longer be preferred to new generation DES when high bleeding risk is of concern and
shortened duration of DAPT is desired.
Polymer-free drug-coated stents
The Prospective Randomized Comparison of the
BioFreedom Biolimus A9 Drug-Coated Stent vs. the
Gazelle Bare-Metal Stent in Patients at High Bleeding Risk (LEADERS-FREE) study compared the
polymer-free biolimus-eluting Biofreedom stent with a
BMS in a cohort (N = 2466) at high risk of bleeding. In
a subgroup analysis of 659 ACS patients, treatment
ZLWK WKH %LR)UHHGRP VWHQW UHPDLQHG PRUH HႇHFWLYH
(clinically driven target-lesion revascularization 3.9 vs.
9.0%, P = 0.009) and safer (cumulative incidence of carGLDFGHDWK0,RUGH¿QLWHRUSUREDEOHVWHQWWKURPERVLV
 YV  3   GULYHQ E\ VLJQL¿FDQWO\ ORZHU
rates of cardiac mortality (3.4 vs. 6.9%, P = 0.049) and
MI (6.9 vs. 13.8%, P = 0.005) (24). As for the SENIOR
WULDOWKHUHZDVQRGLႇHUHQFHLQEOHHGLQJFRPSOLFDWLRQV
for the DES and BMS groups.
7KHVHUHVXOWVFRQ¿UPWKHFOLQLFDOXWLOLW\RISRO\PHUIUHH
drug-coated stent for patients at high bleeding risk and
a direct comparison with current generation DES would
be of great interest.
Bioresorbable scaffolds
ABSORB
7KHELRUHVRUEDEOHVFDႇROGVLQSDUWLFXODUWKH$%625%
have received much attention as a potential new major
step in coronary intervention following the footsteps of

balloon angioplasty, BMS and DES implantation. Data
HPHUJHG KRZHYHU WKDW WKH ¿UVWJHQHUDWLRQ $%625%
VFDႇROGLVDVVRFLDWHGZLWKDKLJKHUULVNRIGHYLFHLQGXced adverse end points.
The AIDA trial is the largest ABSORB vs. Xience trial
published so far (25). AIDA randomized 1845 patients
1:1 in the context of routine clinical practice. The primary endpoint was target-vessel failure (a composite
of cardiac death, target-vessel MI, or target-vessel revascularization). The study was stopped prematurely
by the Data Safety Monitoring Committee at a median
follow-up of 707 days. Target-vessel failure at 2 years
occurred in 11.7% of patients in the ABSORB group
and in 10.7% of patients in the Xience group [hazard
UDWLR +5 FRQ¿GHQFHLQWHUYDO &, ±
3 @ 'H¿QLWH RU SUREDEOH GHYLFH WKURPERVLV RFcurred in 3.5% of patients in the ABSORB group and
0.9% in the Xience group (HR 3.87; 95% CI 1.78–8.42;
P < 0.001) (25).
In 2017, 3 year outcomes of the ABSORB JAPAN, ABSORB CHINA and ABSORB III and 4 year outcomes
of the ABSORB II trial became available. An updated
patient-level meta-analysis of the 4 ABSORB trials
(N = 3389) comparing clinical outcomes of patients treated with ABSORB and Xience with at least 36 months
follow-up documented higher 3 year rates of TLF (11.7%
vs. 8.1%, P = 0.006), driven by greater target vessel MI
and ischaemia-driven TLR, with device thrombosis also
VKRZQ WR EH KLJKHU ZLWK WKH $%625% VFDႇROG 7KLV
GLႇHUHQFHZDVSDUWO\H[SODLQHGE\DKLJKHUUDWHRIYHU\
late stent thrombosis (26).
As of September 14, 2017 the device manufacturer called a worldwide halt to sales of ABSORB. A Task Force
of the European Society of Cardiology and European
Association of Percutaneous Cardiovascular Interventions provided a report on recommendations for the
non-clinical and clinical evaluation of bioresorbable
VFDႇROGV DQG VWDWHG WKDW DW SUHVHQW WKHVH GHYLFHV
should not be preferred to conventional DES in clinical
practice (27). The Task Force recommends that new
ELRUHVRUEDEOH VFDႇROG GHYLFHV VKRXOG XQGHUJR V\VWHmatic non-clinical testing according to standardized criteria prior to evaluation in clinical studies.
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MAGMARIS
As depicted in Figure 3, there are several emerging alternatives to the ABSORB. One to these is the second-generation Magmaris, which consists of a magnesium
VFDႇROG EDFNERQH FRYHUHG E\ D VLUROLPXVHOXWLQJ ELRUHVREDEOHSRO\ODFWLFDFLGSRO\PHU7KH¿UVWLQPDQ%,OSOLVE-II trial enrolled 123 patients with up to two de
novo lesions. Quantitative coronary angiography metrics remained stable from 6 to 12 months. Target lesion
failure occurred in four (3.4%) patients, consisting of
one death of unknown cause, one target-vessel MI
and two clinically driven TLR. No additional event occurred beyond the 6-month follow-up. During the entire

follow-up of 12 months, none of the patients experienFHGDGH¿QLWHRUSUREDEOHVFDႇROGWKURPERVLV  $W
2 year follow-up, TLF was 5.9% due to 2 deaths, 1 MI,
and 4 TLR (29). Controlled clinical evaluation for selected indications is continuing but no randomized comparison to DES is available thus far (30).

Functional and imaging guidance
)UDFWLRQDOÁRZUHVHUYHRULQVWDQWDQHRXV
wave-free ratio to guide coronary intervention
FFR has been documented as a valuable tool to guide
coronary intervention. The adenosine-free index iFR has

FIGURE 3. Principal degradation characteristics of CE-marked bioresorbable scaffolds. For each device data are shown, where
available, for radial support and molecular weight and mass of the polymer over time. For the magnesium scaffold, the content
of magnesium and calcium phosphate (a conversion product) over time is shown. PLLA, poly-L-lactic acid. Reproduced after
Byrne et al (27) with permission from the European Heart Journal
This Figure has been reprinted by permission of Oxford University Press on behalf of the European Society of Cardiology
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emerged as a potential alternative to FFR. However, as
documented in comparative studies, iFR and FFR have
FODVVL¿FDWLRQGLVDJUHHPHQWLQXSWRRQHRI¿YHHYDOXDted lesions (31). Until 2017, it remained unclear how
WKLVZRXOGDႇHFWFOLQLFDORXWFRPHVLQSURVSHFWLYHUDQdomized studies using iFR vs. FFR to guide intervention. The Functional Lesion Assessment of Intermediate
Stenosis to Guide Revascularisation (DEFINE-FLAIR)
(32) (N = 2492) and Instantaneous Wave-free Ratio vs.
Fractional Flow Reserve in Patients with Stable Angina Pectoris or Acute Coronary Syndrome (iFR-Swedeheart) (33) (N = 2038) clinical trials both examined if iFR
was non-inferior to FFR for PCI guidance. The primary
endpoint in both studies was a composite of death from
any cause, non-fatal MI, or unplanned revascularization
at 1 year follow-up. In the DEFINE-FLAIR study, the primary endpoint occurred in 6.8% in the iFR group and
in 7.0% in the FFR group (P < 0.001 for non-inferiority)
(32). In the iFR-Swedeheart study, the primary endpoint
occurred in 6.7% in the iFR group as compared with
6.1% in the FFR group (P = 0.007 for non-inferiority).
Moreover, iFR was associated with shorter procedural
time and less procedural discomfort (33). Both approaches are now validated and future studies will analyse
causes for discrepancy. At 1 year follow-up though, this
does not seem to matter much and both modalities can
be used for PCI guidance.

aspirin and clopidogrel) after coronary stenting and
showed a c-index for out-of-hospital TIMI major or minor bleeding of 0.73 (95% CI 0.61–0.85) (37). A longer
'$37 GXUDWLRQ VLJQL¿FDQWO\ LQFUHDVHG EOHHGLQJ LQ SDWLHQWVDWKLJKULVN VFRUH EXWGLGQRWLQWKRVHZLWK
ORZHU EOHHGLQJ ULVN SUR¿OHV DQG H[HUWHG D VLJQL¿FDQW
LVFKDHPLFEHQH¿WRQO\LQWKLVODWWHUJURXS$VVWDWHGLQ
the new ESC/EACTS Consensus document on DAPT,
the use of risk scores such as PRECISE-DAPT desigQHGWRHYDOXDWHWKHEHQH¿WVDQGULVNVRIGLႇHUHQW'$37
durations ‘may be considered’ to support decision making (38).

Anticoagulation for percutaneous coronary
intervention
According to the 2017 ESC STEMI Guidelines, routine
use of bivalirudin during primary PCI is a class IIa recommendation (12). After release of these guidelines, a
multicentre, randomized, registry-based trial was published, named Bivalirudin vs. Heparin in ST-Segment
and Non-ST-Segment Elevation Myocardial Infarction
in Patients on Modern Antiplatelet Therapy in the Swedish Web System for Enhancement and Development
of Evidence-based Care in Heart Disease Evaluated
according to Recommended Therapies Registry Trial
(VALIDATE-SWEDEHEART trial) (39). Patients with
either STEMI (N = 3005) or non-STEMI (N = 3001) undergoing PCI and receiving a potent P2Y12 inhibitor (tiIntravascular ultrasound and optical
cagrelor, prasugrel, or cangrelor) without the planned
coherence tomography to guide
use of glycoprotein IIb/IIIa inhibitors were randomly
percutaneous coronary intervention
assigned to receive bivalirudin or heparin during PCI,
Two randomized clinical trials compared imaging tech- performed predominantly with the use of radial artery
niques for PCI guidance. In the Optical frequency do- access. The primary composite endpoint (death from
main imaging vs. intravascular ultrasound in percu- any cause, MI, or major bleeding during 180 days of foltaneous coronary intervention (OPINION) trial (N = 829), low-up) occurred in 12.3% of the patients in the bivaliOCT-guided PCI was non-inferior to IVUS-guided PCI rudin group and in 12.8% of the patients in the hepawith respect to the composite of cardiac death, tar- rin group (HR 0.96; 95% CI 0.83–1.10; P = 0.54). The
get-vessel related MI, and ischaemia-driven target results were consistent between patients with STEMI
vessel revascularization at 1 year (34). In the Optical and those with non-STEMI and across other major
coherence tomography compared with intravascular VXEJURXSV7KHUHZDVQRGLႇHUHQFHEHWZHHQJURXSVLQ
ultrasound and with angiography to guide coronary 0,PDMRUEOHHGLQJGH¿QLWHVWHQWWKURPERVLVRUPRUWDstent implantation (ILUMIEN III) trial (N = 450), OCT-gu- lity. This study shows overall clinical non-inferiority for
LGHG 3&, XVLQJ D VSHFL¿F VWHQW RSWLPLVDWLRQ VWUDWHJ\ use of bivalirudin or heparin during PCI for ACS, along
resulted in similar minimum stent area compared with with increased cost with use of bivalirudin. Consistently
IVUS-guided PCI (35). These two trials are incorpora- ZLWK WKHVH ¿QGLQJV WKH FXUUHQW XVH RI ELYDOLUXGLQ LQ
ted in an updated network meta-analysis suggesting Europe is very low.
that the use of intravascular imaging techniques for PCI
guidance reduces the risk of cardiovascular death and Dual antiplatelet therapy
adverse events (36).
Ticagrelor reduces ischaemic events and mortality in
ACS patients compared to clopidogrel and is recommended by current guidelines (12). Clinical outcomes
Adjunctive pharmacology
in a large real-world post-ACS population was studied
5LVNVWUDWLÀFDWLRQIRUEOHHGLQJ
in a Swedish prospective cohort study in 45,073 ACS
The PRECISE-DAPT score (age, creatinine clearance, patients who were discharged on ticagrelor (N = 11,954)
haemoglobin, white-blood-cell count, and previous or clopidogrel (N = 33,119) (40). The ri sk of the primaspontaneous bleeding) was derived from 14,963 pa- ry outcome (composite of all-cause death, re-admisWLHQWV WUHDWHG ZLWK GLႇHUHQW GXUDWLRQ RI '$37 PDLQO\ sion with MI, or stroke) with ticagrelor vs. clopidogrel
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95% CI 0.75–1.35; P-value for interaction = 0.01). The
PDJQLWXGHRIWKHEHQH¿WZLWKORQJWHUP'$37ZDVSURJressively greater per increase in procedural complexity.
Long-term DAPT was associated with increased risk for
major bleeding, which was similar between groups (45).
Results were consistent by per-treatment landmark analysis and further establish procedural complexity as an
important parameter to take into account in tailoring upfront duration of DAPT (38).
A large individual patient data pairwise and network meWDDQDO\VLVFRPSDULQJVKRUWWHUP PRQWKV YVORQJ
term (1 year) DAPT as well as 3-month vs. 6-month vs.
Dual antiplatelet therapy and surgery
1 year DAPT included 11,473 patients (46). The primary
The present Guidelines recommend postponing elec- study outcome was the 1 year composite risk of MI or
tive non-cardiac surgery for 6 months after PCI with GH¿QLWHSUREDEOH VWHQW WKURPERVLV 6L[ WULDOV LQFOXGLQJ
DES (42). The surgical risk compared with that in 11,473 randomized patients in which DAPT after DES
non-stented patients without CAD was investigated consisted of aspirin and clopidogrel: 6714 (58.5%) had
in 22,590 patients undergoing DES-PCI in Western stable CAD and 4758 (41.5%) presented with ACS, the
Denmark (43). Using Danish registries, 4303 DES- majority of whom (67.0%) had unstable angina. In ACS
PCI-treated patients undergoing a surgical procedure SDWLHQWVPRQWK'$37ZDVDVVRFLDWHGZLWKQRQVLJwere compared with a control group of patients without QL¿FDQWO\KLJKHU\HDUUDWHVRI0,RUVWHQWWKURPERVLV
previous CAD undergoing similar surgical procedures compared with 1 year DAPT (HR 1.48, 95% CI 0.98–
(N = 20,232). Surgery in DES-PCI-treated patients was 2.22), whereas in stable patients, the rates of MI and
associated with an increased risk of MI [1.6% vs. 0.2%; stent thrombosis were similar between the two DAPT
odds ratio (OR) 4.82; 95% CI 3.25–7.16] and cardiac strategies (HR 0.93, 95% CI 0.65–1.35). By network medeath (1.0% vs. 0.2%; OR 5.87; 95% CI 3.60–9.58) but ta-analysis, 3-month DAPT, but not 6-month DAPT, was
not all-cause mortality (3.1% vs. 2.7%; OR 1.12; 95% CI associated with higher rates of MI or stent thrombosis in
± :KHQVWUDWL¿HGIRUWLPHIURP3&,WRVXUJH- $&6ZKHUHDVQRVLJQL¿FDQWGLႇHUHQFHVZHUHDSSDUHQW
U\ RQO\ VXUJHU\ ZLWKLQ WKH ¿UVW PRQWK ZDV DVVRFLDWHG in stable patients. Short DAPT was associated with loZLWK D VLJQL¿FDQW LQFUHDVHG ULVN RI HYHQWV VXJJHVWLQJ wer rates of major bleeding compared with 1 year DAPT,
that surgery might be undertaken earlier than currently irrespective of clinical presentation. All-cause mortality
recommended.
ZDVQRWVLJQL¿FDQWO\GLႇHUHQWZLWKVKRUWYVORQJ'$37LQ
both patients with stable CAD and ACS (46).
Dual antiplatelet therapy duration
The studies mentioned above support the concept that
Recommendations on duration of DAPT in patients with duration of DAPT should be individualized as discussed
ACS and after elective stenting have been given in the in detail in the ESC/EACTS DAPT Consensus docuESC/EACTS focused update on DAPT (38). Recently ment (38).
the 2 year follow-up report of the Is There a Life for
DES After Discontinuation of Clopidogrel (ITALIC) stu- Platelet testing
G\ 1  FRQ¿UPHGWKH\HDUUHVXOWVDQGVKRZHG Current ESC Guidelines do not recommend routine
that patients receiving 6-month DAPT after PCI with se- testing of platelet function in patients treated with placond-generation DES have similar outcomes to those telet inhibitors as randomized trials have failed to dereceiving 24-month DAPT (44).
PRQVWUDWH DQ\ EHQH¿W RI WHVWLQJ WR DGMXVW DQWLSODWHOHW
Another study pooled patient-level data from six rando- therapy (12, 38, 47). In a recent study, 2610 patients
PL]HGFRQWUROOHGWULDOVDQGLQYHVWLJDWHGWKHHႈFDF\DQG with ACS who had been undergoing successful PCI
VDIHW\RIORQJWHUP PRQWKV YVVKRUWWHUP RU were randomized to standard treatment with prasugrel
months) DAPT with aspirin and clopidogrel after PCI for 12 months (control group) or a step-down regimen
(45). Of 9577 patients included in the pooled dataset for (1 week prasugrel followed by 1 week clopidogrel and
whom procedural variables were available, 1680 (17.5%) platelet function testing-guided maintenance therapy
underwent complex PCI. Overall, 85% of patients rece- with clopidogrel or prasugrel from day 14 after hospiived new-generation DES. At a median follow-up time tal discharge; guided de-escalation group). The primary
of 392 days, patients who underwent complex PCI had HQGSRLQWZDVQHWFOLQLFDOEHQH¿W>FDUGLRYDVFXODUGHDWK
a higher risk of MACE (HR 1.98; 95% CI 1.50–2.60; MI, stroke, or bleeding grade 2 or higher according to
P < 0.0001). Compared with short-term DAPT, long-term Bleeding Academic Research Consortium (BARC) cri'$37 \LHOGHG VLJQL¿FDQW UHGXFWLRQV LQ 0$&( LQ WKH teria] 1 year after randomization, which occurred in 7%
complex PCI group (adjusted HR 0.56; 95% CI 0.35– of patients in the guided de-escalation group and in 9%
0.89) vs. the non-complex PCI group (adjusted HR 1.01; in the control group (P-value for non-inferiority = 0.0004;
was 11.7% vs. 22.3% [adjusted HR 0.85 (95% CI 0.78–
0.93)], risk of death 5.8% vs. 12.9% [adjusted HR 0.83
(0.75–0.92)], and risk of MI 6.1% vs. 10.8% [adjusted
HR 0.89 (0.78–1.01)] at 24 months. Re-admission for
bleeding with ticagrelor vs. clopidogrel was similar. Ticagrelor vs. clopidogrel post-ACS was associated with
a lower risk of death, MI, or stroke, as well as death
alone. Risk of bleeding was higher with ticagrelor (40).
These real-world outcomes are consistent with the
results of the landmark Platelet Inhibition and Patient
Outcomes (PLATO) trial (41).
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P-value for superiority = 0.12). Despite early de-escalation, there was no increase in the combined risk of
cardiovascular death, MI, or stroke in the de-escalation
group (3% vs. 3%; P-value for non-inferiority = 0.0115).
Bleeding Academic Research Consortium 2 or higher
bleeding events were similar between groups (48). Although costly and time-consuming, early de-escalation
of antiplatelet treatment guided by platelet function testing may be an alternative approach in some patients.
On a similar subject but with no use of platelet function
testing guidance, the TOPIC (timing of platelet inhibition
after acute coronary syndrome) trial showed that de-escalation from prasugrel or ticagrelor to clopidogrel after
30 days from the ACS may achieve lower bleeding rates
than standard therapy with the more potent P2Y12 inhibitors for 12 months (49).
Triple antithrombotic therapy
Triple therapy with oral anticoagulants plus DAPT is associated with increased bleeding risk, but is still used
DIWHU3&,IRUSDWLHQWVZLWKDWULDO¿EULOODWLRQ5HFHQWVWXdies have indicated that the duration of triple therapy
should be as short as possible and dual-pathway therapy with an anticoagulant and an antiplatelet agent can
be considered as an alternative to reduce the risk of
bleeding. In the RE-DUAL PCI trial, 2725 patients with
DWULDO¿EULOODWLRQZKRKDGXQGHUJRQH3&,ZHUHUDQGRPLzed to triple therapy with warfarin plus a P2Y12 inhibitor
(clopidogrel or ticagrelor) and aspirin (for 1–3 months)
(triple-therapy group) or dual therapy with dabigatran
(110 mg or 150 mg twice daily) plus a P2Y12 inhibitor
(clopidogrel or ticagrelor) and no aspirin (110 mg and
150 mg dual-therapy groups) (50). The primary endpoint was a major or clinically relevant non-major bleeding event during follow-up. Ticagrelor, however, increased the risk of bleeding events. The incidence of the
primary endpoint was 15.4% in the 110 mg dual-therapy group as compared with 26.9% in the triple-therapy

group (HR 0.52; 95% CI 0.42–0.63) and 20.2% in the
150 mg dual-therapy group as compared with 25.7% in
the corresponding triple-therapy group (HR 0.72; 95%
&,± 7KHLQFLGHQFHRIWKHFRPSRVLWHHႈFDF\
endpoint was 13.7% in the two dual-therapy groups
combined as compared with 13.4% in the triple-therapy group (HR 1.04; 95% CI 0.84–1.29) (50). Subgroup analyses of the RE-DUAL PCI study presented at
the American Heart Association Meeting in November
FRQ¿UPHGWKDWWKHEHQH¿WRIWKHGDELJDWUDQGXDO
therapy vs. warfarin triple therapy was consistent with
the main results in both patients with ACS and nonACS, and among patients receiving ticagrelor instead
of clopidogrel.
This study is consistent with the previous Open-Label,
Randomized, Controlled, Multicenter Study Exploring
Two Treatment Strategies of Rivaroxaban and a Dose-Adjusted Oral Vitamin K Antagonist Treatment Strategy in Subjects with Atrial Fibrillation who Undergo
Percutaneous Coronary Intervention (PIONEER-AF)
study of rivaroxaban (51) and these studies provides
alternatives to full-dose triple therapy in patients with
DWULDO¿EULOODWLRQXQGHUJRLQJFRURQDU\VWHQWLQJ  

Conclusions
In 2017, a large number of articles increased our underVWDQGLQJ DQG PRGL¿HG RXU WUHDWPHQW VWUDWHJLHV ZLWKLQ
WKH¿HOGRILQWHUYHQWLRQDOFDUGLRORJ\1HZHUJHQHUDWLRQ
DESs maintain solid results regarding long-term safety
(16–20). Major reductions in bleeding rates were found
when triple therapy with warfarin, aspirin, and clopidogrel was reduced to dual therapy with dabigatran and
FORSLGRJUHOLQSDWLHQWVZLWKDWULDO¿EULOODWLRQ  +HSDULQZDVHႇHFWLYHDVELYDOLUXGLQLQ67(0,SDWLHQWVWUHDted with PCI(39). However, no revolutions occurred in
RQO\UH¿QHPHQWVZHUHPDGH
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In parallel, important studies on lipid-lowering with
PCSK9 inhibitors (52), a cholesteryl ester transfer protein inhibitor (53), therapeutic monoclonal antibody tarJHWLQJLQWHUOHXNLQEHWDDQWLLQÀDPPDWRU\WKHUDS\  
and addition of very low dose rivaroxaban to aspirin
(55) have been shown to improve cardiac outcomes
in patient with stable CAD. These developments plus
changes in life style are expected to further increase
cardiovascular health through optimized drug-device
synergy.
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