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Abstract



Background: The prevalence of acute coronary syndromes (ACS) among young individuals is
increasing, but the phenotypic characteristics, causes and clinical outcomes in this group have not

been well described.

Methods: Between 2009-2017, 8712 ACS patients underwent percutaneous coronary intervention
(PCI) and were prospectively enrolled. We defined a young patient as female <50 years and male
<45 years. The causes of ACS were defined by an adjudication con .1ittee. The primary endpoint
was the patient-oriented composite endpoint (POCE) of all-cause mor ality, myocardial infarction

or any revascularization at 12 months.

Results: Among 8712 ACS patients, 472 (5.4%) patien.> vvere young (26% female). The main
cause of ACS in young patients was atherosclerosis (P2.5%), followed by coronary artery embolism
(9%), and spontaneous coronary artery diss.cun \“CAD) (4.5%). POCE occurred less frequently
in young compared to old patients (8 5% vs. 16.7%, hazard ratio 0.48 (95% confidence interval
0.35-0.66), p<0.001). The rates of tk2 »..Yividual components of the POCE were lower in young
including all-cause mortality (3.2%4 veisus 9.5%, 0.32 (0.19-0.54), p<0.001), myocardial infarction
(1.9% versus 3.7%, 0.49 (0.2 1.%3), p=0.035) and any revascularization (5.1% versus 7.4%, 0.65
(0.43-0.97), p=0.037). Youny patients with SCAD had a higher rate of death as compared to those

with atherosclerosis, man ly attributed to cardiac deaths.

Conclusions: One out of 20 ACS patients undergoing PCI was young and the principal cause was
atherosclerosis. Young carry a lower risk for future events compared to older ACS patients. The
underlying cause leading to ACS should be considered in appropriate risk stratification of young

patients.

Clinical Trial Registration: Clinicaltrials.gov. NCT02241291
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INTRODUCTION

The reduction of coronary artery disease (CAD) burden and its related condition, namely acute
coronary syndromes (ACS), are a global aim [1,2]. While the incidence of ACS in elderly
individuals steadily decreased during the last decades, ACS has bec.” more frequently diagnosed
among young individuals in recent years [3-7]. These observatiL"s rzlated to the young patient
population merit particular attention and investigation due to ¢ potential impact in long-term
prognosis and quality of life [8]. Sparse evidence sugest: differences in risk factor patterns,
clinical presentation and angiographic disease se'ei iy of coronary atherosclerosis in young as
compared to older patients presenting with ~~ ~~S [9,10]. While in older patients the principal
mechanism of ACS is atherosclerosis, non-.therosclerotic mechanisms have been described in
young patients. The two most imp..*tan. non-atherosclerotic causes include coronary artery
embolism (CAE) and spontaneou:, cuonary artery dissection (SCAD) [11]. The determination of
the underlying mechanism of ACC plays an important role with regard to diagnostic work-up, acute
therapy, prognosis, and ~.m.. secondary prevention therapy [11-13]. Nevertheless, an in-depth
contemporary evaluatio. ot this group of young individuals presented with ACS is lacking. In light
of this background, we investigated the phenotypes, underlying causes and clinical outcomes among

young unselected patients undergoing PCI due to ACS in a large population at a tertiary care center.



METHODS

Definition of study population

All patients undergoing PCI at high-volume tertiary care center (Bern University Hospital,
Switzerland), between January 2009 and December 2017 were prospectively and consecutively
enrolled into the CARDIOBASE Bern PCI Registry (ClinicalTrials.gov, NCT02241291). This
prospective PCI registry complied with the Declaration of Helsii.'. and was approved by the
institutional ethics committee. All patients provided written infor med zonsent for participation in
the study. All patients were consecutively enrolled in the reqictry. For the purpose of the present
analyses, we included patients who underwent PCI for ACC (unstable angina, non-ST elevation
myocardial infarction, or ST-elevation myocardial infar_tion). We did not apply any other specific
patient or lesion exclusion criteria. We defined ¢ you..y patient as female <50 years and male <45
years; older individuals with ACS were co. <isered as the control group. Even though there is no
consensus for the specific cut-offs, the _necific have been also previously applied in different
studies to define young individue!z w't*, ACS [6,10,14]. The diagnosis of ACS was based on
clinical signs/symptoms, carciac wiomarkers, and electrocardiographic changes following

established diagnostic approc-hes.

Procedures

PCI were performed according to locally applied standards and the available clinical practice
guidelines at the time of intervention. Unfractionated heparin at a dose of at least 5,000 1U or 70-
100 1U/kg was administered during the procedure with the aim to achieve and maintain an
activating clotting time during the procedure between 200-300 seconds. All patients received a
loading dose of aspirin before PCI if not on a maintenance dose. A loading dose of P2Y12 inhibitor

was administered before, at the time of, or immediately after the procedure, unless a maintenance



dose of P2Y12 inhibitor had been prescribed previously. A potent P2Y12 inhibitor (prasugrel or
ticagrelor) was preferred over clopidogrel in discretion of the operator, while considering the
individual bleeding and ischemic risk. The duration of dual antiplatelet therapy (DAPT) was

differed according to individuals’ risk of bleeding.

Definition of underlying ACS mechanisms in young patients

The causes of ACS in young patients were retrospectively adjudic.ea by a committee of two
experienced interventional cardiologists based on clinical and agio. raphic criteria and according to
previously validated methods [12,15]. Each ACS case ar...1 ,0ung patients was categorized into
one of the following 3 groups:

Atherosclerosis

ACS was adjudicated due to an atheroscle. ntic cause in the presence of the following criteria: (1)
angiographic evidence of a culprit lesior *vith lumen narrowing >90% with or without thrombus or
>25% and <90% with angiographic evi lerice of thrombus, or plaque disruption or coronary erosion
detected by intravascular imagir.g AX D (2) either coronary artery ectasia or coronary artery stenosis
outside the culprit lesion >75% un coronary angiography, and (5) absence of nonatherosclerotic
causes (i.e. CAE, SC.°D, 15,

Coronary artery embol:z.n (CAE)

CAE was adjudicated according to three major and three minor criteria as previously reported by
Shibata et al.[15] The 3 major criteria were (1) angiographic evidence of CAE and thrombosis
without atherosclerotic components, (2) concomitant multisite CAE, and (3) concomitant systemic
embolization excluding left ventricular thrombus attributable to ACS. The 3 minor criteria included
(1) coronary angiography showing <25% stenosis, except for the culprit lesion; (2) evidence of an

embolic source detected by any imaging modality; and (3) coexistence of a potential for



thromboembolic disease, including atrial fibrillation, cardiomyopathy, rheumatic valvular disease,
infective myocarditis, prosthetic left-sided valve implantation, recent cardiac surgery,
hypercoagulable state, patent foramen ovale, or atrial septal defect. The diagnosis of definite CAE
was based on the presence of at least >2 major criteria, 1 major criterion plus >2 minor criteria, or 3
minor criteria.

Spontaneous coronary artery dissection (SCAD)

SCAD was adjudicated according to the following angiographic ¢’ itei:1 proposed by the European
Society of Cardiology position paper on SCAD [16]: Type 1 epre ents the classical angiographic
radiolucent “flap” and linear double lumen often asso.i.*@a with contrast hold-up; Type 2 is
characterized by a long diffuse and smooth stenosic pr.dominantly located in mid-to-distal
segments (Type 2a where there is recrudescence ¢ f a *»:mal caliber distal vessel and Type 2b where
the stenosis extends angiographically to the end of the vessel); Type 3 is defined as angiographically
indistinguishable from a focal athero.~lerotic stenosis requiring diagnostic confirmation by

intracoronary imaging; Type 4 is define { a5 a total occlusion, usually of a distal vessel.

Follow-up strategies

Patients were syster. aticallv followed throughout 12 months for major adverse cardiac events
(including death, cardic.c death, myocardial infarction, target vessel revascularization, target lesion
revascularization, definite or probable stent thrombosis) and for changes in medical treatment.
Survival data were obtained from hospital records and municipal civil registries. A health
guestionnaire was sent to all living patients with questions on rehospitalization and adverse events,
followed by telephone contact in case of missing responses. General practitioners, referring
cardiologists, and patients were contacted as necessary for additional information. For patients who

underwent treatment for adverse events at other medical institutions, external medical records,



discharge letters, and coronary angiography documentation were all systematically collected and

reviewed.,

Definition of clinical endpoints

A clinical event committee consisting of two cardiologists adjudicated all events by using original
source documents. Any disagreements were resolved by consensus ‘ith a third cardiologist. The
primary composite endpoint was the patient-oriented cardiovascu ar endpoint (POCE) — a
composite of all-cause mortality, any myocardial infarctinr, anc any repeat revascularization.
Secondary endpoint was the device-oriented composite e 1dpoinge (DOCE) — a composite of cardiac
death, target vessel myocardial infarction, and clinically inaicated target lesion revascularization.
Cardiac death was defined as any death due * ain immediate cardiac cause, procedure-related
mortality, and death of unknown cause. “#,ocardial infarction was defined according to the
modified historical definition [17]. The diagnosis of Q-wave myocardial infarction required
ischemic signs or symptoms and ~~w ~~.thological Q waves in >2 contiguous electrocardiogram
leads. Target vessel myocardic! imarction was defined as a myocardial infarction not clearly
attributable to a non-taraev ‘essel. Stent thrombosis was adjudicated based on the Academic
Research Consortiu:n [Ar17 criteria [18] and was categorized on the basis of the timing as acute
(<24 hours after PCI), subacute (between >24 hours and 1 month after PCI), or late (between 1
month and 1 year after PCI). Target lesion revascularization was defined as any clinically indicated
revascularization for a coronary stenosis >50% within the stent or the 5-mm borders adjacent to the
stent. Target vessel revascularization was defined as repeat revascularization of any segment within

the entire major coronary vessel, proximal and distal to a target lesion.



Statistical analysis

Categorical variables are presented as counts with percentages and were compared among groups
using Chi-squared or Fischer’s exact tests. Continuous variables are presented as mean + standard
deviation (SD) after having evaluated the values’ distribution and were compared among groups
using Student’s t-tests or ANOVAs. Lesion characteristics were com; ared between groups by using
mixed-effect models accounting for the multiple lesions per patient Cumufative event rates were
compared between groups using Cox proportional hazard mode s. K plan-Meier curves are
presented together with hazard ratios (HR) and the correspo.. g 95% confidence intervals
(95%CI). All patients were analyzed up to the last valid contact date (i.e., at 12 months) and
censored at the time point of the last contact if the y v.~r7 lost to follow-up before 12 months. We
also calculated the SCORE (10-year risk sc ‘re . suffer a fatal CVD event) according to the
available guidelines [19,20]. Statistical a:.~lyses were performed using Stata 15 (StataCorp, College

Station, Texas). Significance tests were tw>-tailed with a significance test set to 0.05.



RESULTS

Study population and procedural characteristics

Between January 2009 and December 2017, 15374 patients were consecutively and prospectively
enrolled into the CARDIOBASE Bern PCl Registry (NCT02241291). Of those, 8712 patients
underwent PCI due to an ACS with 472 (5.4%) qualifying as young patients according to the
criteria mentioned above. Supplementary Figure 1 shows a detail > patient selection flowchart.
Table and Supplementary Table 1 and 2 show baseline clinic u, a giographic, and procedural
characteristics. The mean (SD) age of the young ACS populatin was 41 (5) years of age and 26%
of young patients were female. The phenotypic characteri,uv: a.ffered considerably between young
and old patients undergoing PCI in the setting of AC*. Tr. following three cardiovascular risk
factors were more frequently encountered in your.q p.ticnts: obesity, smoking, and family history of
CAD. Left ventricular ejection fraction dia ~ot differ between the two groups. While older patients
presented more frequently with NSTE-ACS, young patients presented more frequently with STEMI
and single vessel disease, but with Inng 'r 'esions. The estimated 10-year risk score to suffer a future
fatal CVD event based on SCC*“E w2s overall low for the young ACS patients (0.5%) (Table), but
differed considerably acro.~ the three groups of different underlying mechanisms (p<0.001)
(Supplementary Tz'2 Y keing higher for the group of young ACS patients with atherosclerosis.
Adherence to the presuiibed lipid lowering therapy was in favor to young patients at 1 year

following the index ACS event (Supplementary Table 2).

Causes of ACS in young individuals
We were able to define the underlying cause of ACS in all 472 young patients (Supplementary
Table 3). Supplementary Figure 2 shows representative cases of each mechanism of ACS in

young individuals. The principal mechanism of ACS was atherosclerotic (408 young patients;



86.5%), followed by CAE (43 young patients; 9%), and SCAD (21 young patients; 4.5%).
Supplementary Table 3 summarizes clinical and angiographic characteristics of the young patients
stratified according to the underlying mechanism. Young patients with atherosclerotic cause of ACS
were relative older and suffered more commonly from known cardiovascular risk factors including
smoking, hypercholesterolemia, hypertension and family history of CAD. The vast majority of
patients with SCAD were female (81%) and presented more frequently with symptoms of
congestive heart failure. The most frequent SCAD type was type 2 (< 2%; type 2A 14%; type 2B
48%), followed by type 4 (24%), and type 1 (14%). The SCOF E w. s higher in young patients with
atherosclerosis as compared to those with CAE or SCAT 0..% vs. 0.3 and 0.05% respectively;

p<0.001).

Clinical outcomes

Information related to clinical events au "2 months of follow-up was available in 409 (86%) and
7639 (93%) young and old patients. re: oe:tively. The primary composite endpoint POCE occurred
in 40 (8.5%) young patients and in 1376 (16.7%) old patients (HR (95% CI) of 0.48 (0.35-0.66),
p<0.001) (Figure 1). The r.*es oy the individual components of the primary endpoint were lower in
young patients incl.ling al'-cause mortality (3.2% vs. 9.5%, 0.32 (0.19-0.54), p<0.001), any
myocardial infarction (2.4% vs. 3.7%, 0.49 (0.25-0.95), p=0.035) and any revascularization (5.1%
vs. 7.4%, 0.65 (0.43-0.97), p=0.037). Detailed event rates of the clinical outcomes and the
corresponding ratios of the hazard rates are presented in Supplementary Table 4 and
Supplementary Table 5. Supplementary Figure 3 shows stratified analyses for the primary
endpoint POCE for young patients across different subgroups. As shown in Figure 2 and
Supplementary Table 5 POCE at 12 months of follow-up for young patients did not significantly

differ between the three subgroups. There was no difference in the risk of DOCE or any individual



component of the primary outcome between the young individuals with atherosclerosis and those
with CAE. However, young patients with SCAD who underwent clinically indicated PCI had a
higher rate of all-cause mortality at 12 months as compared to young patients with atherosclerotic
disease (SCAD vs. atherosclerotic: 14.3% vs. 2.2%, 2.6 (1.3-4.9), p<0.01). The higher death rate

was driven by a higher rate of cardiac deaths in this high-risk group.



DISCUSSION
In this prospective registry of an all-comer patient population who underwent PCI for ACS, we

observed that:

(1) Approximately one out of 20 ACS patients undergoing PCI for ACS was young (female
<50 years, male <45 years).

(2) The principal mechanism of ACS in young patients was athe. ~sclerosis (86.5%), followed
by CAE (9%), and SCAD (4.5%).

(3) As compared to older patients, young patients had 4 lu.w2r risk for the primary endpoint
POCE and for its individual components of all-cause mortality, any myocardial infarction

and any revascularization at 12 months.

Our reported frequency of ACS among yo'.ng laticnts (5%) is in line with previous studies [21].
However, we may have observed a lov 'er preveaience of young patients suffering from ACS at our
tertiary care center, since in the CARDIOLCASE Bern PCI registry only patients undergoing PCI are
enrolled and patients undergmi. 1 nvasive diagnostic coronary angiography without stent
implantation are not included. Theiefore, conservatively treated non-atherosclerotic causes such as
coronary vasospasm, m' ‘oca lial bridging, stress-induced cardiomyopathy (Takotsubo syndrome),
and conservatively treate i SCAD are not captured in this dataset. For this reason, we explicitly
focused on CAE and SCAD with clinical indications for PCI, two known and important
mechanisms of non-atherosclerotic causes of ACS. Moreover, while the patient and lesion
characteristics and overall outcomes of young patients have been previously described [21], the
frequency of each cause in clinical practice and the clinical outcomes in this young patient

population is poorly understood.



The most prevalent mechanism for ACS in this young ACS cohort was atherosclerosis, followed by
CAE, and SCAD. In line with previous studies we showed that young patients suffering ACS are
characterized by the traditional well established cardiovascular risk factors [22]. However, our
findings provide additional insights, since we validated this observation only for those young
patients with atherosclerotic cause of ACS, while among those young ACS patients with CAE or
SCAD typical cardiovascular risk factors were lacking. Although the SCORE [23] for predicting the
10-year risk of future fatal cardiovascular events was higher in the he.9sclerotic group, the overall
risk was very low in this population. Nevertheless, the presence of * sremature” atherosclerosis may
not be correlated with the traditional risk factors [24,25]. Along these lines, novel biomarkers
and/or intravascular imaging in addition to established *.sk y+ediction tools may provide enriched
information to appropriate risk stratify those vulncra. ' young individuals presented with ACS.
SCAD used to be underdiagnosed ¢ mor.g ACS patients and it was previously described as a
rare cause of ACS with a prevalence o1 1% [11]. However, with growing awareness of this new
entity, broader use of new intravasculat diignostic imaging modalities and high sensitivity troponin
assays, its prevalence has increseu *o 2-4% [16]. Previously reported figures are in line with our
reported prevalence of SCAD o1 1% and the predominance of women in our study sample. As has
been previously rercrtel! [78], we also report the highest prevalence of SCAD type 2 with
approximately 62%. M.z.eover, our study showed that patients with SCAD experienced a higher
event rate of death, which was mainly driven by cardiac deaths, as compared to young patients with
atherosclerotic disease. Previous studies reported that PCI in SCAD-related ACS has been
associated with a higher rate of complications and worse outcomes as compared to patients who
suffered from ACS due to atherosclerosis [27][28]. The longest follow-up of SCAD cohort was
published by Saw et al. [26] and reports an overall major cardiac event rate of 19.9% (death rate:

1.2%; recurrent MI: 16.8%; stroke/transient ischemic attack: 1.2%; revascularization: 5.8%) during



a median long-term follow-up of 3.1 years. The much lower death rate reported by Saw et al. may
be explained due to the inclusion of patients treated conservatively and the inclusion of “less severe”
cases of SCAD. The current European Society of Cardiology guidelines [16] recommend a
conservative management for hemodynamically stable patients with maintained distal flow in the
culprit coronary artery and without demonstrable ongoing ischemia. Hence, we assume that our
SCAD patient cohort represents a high-risk subgroup which had to u dergo clinically indicated PCI
to restore normal blood flow in the affected coronary arteries. The reviscularization by PCI in the
setting of atherosclerotic ACS passivates the culprit lesion and has been shown to “salvage”
myocardium and therefore is also critically time-dep...Jen.. Conversely, PCl for SCAD is

controversial and eliminates the “culprit” only in localize i se.ng.

Limitations

This study has to be interpreted in light ¢ some limitations. First, only the mechanisms of ACS in
young patients were adjudicated, =nd tharefore a matched comparison of the same underlying
causes between young and olde* pau >nts was not possible. Second, there is no commonly accepted
age threshold to define “y. g . Previous literature used cut offs ranging between 35 and 65
[6,10,14]. Third, thr, Xe1,~ition of underlying mechanism was done retrospectively and therefore
may be subjected to .clevant biases. Nevertheless, the adjudication was performed by two
experienced interventional cardiologists following previously well validated approaches for clinical
trials. Fourth, in our prospective CARDIOBASE Bern PCI registry, we recruit only patients
undergoing PCI. As a result, the specific ACS population of patients with coronary embolism and
those with SCAD who were treated predominantly conservatively, has not be included and therefore
the current findings may underestimate the true epidemiological burden of these conditions in

young individuals presented with ACS. However, we included in our analysis those ‘“high-risk”



individuals with SCAD required PCI due to ongoing ischemia or hemodynamic instability, which
allowed us to derive comparative conclusions among the three main young ACS groups. Last, 63
young patients presented with ACS (46 atherosclerotic, 5 coronary embolisms, and 2 SCAD
lesions) were not included in the final analysis. Of note, of those 63 patients 16% were lost to
follow-up and 84% withdrew consent. However, we did not detect any relevant baseline differences

between those included and not in the final analysis (Supplementary ~able 6).

Conclusions
One out of 20 ACS patients undergoing PCI was young a:.1 th2 principal cause was atherosclerosis.
Young carry a lower risk for future events compar :d 0 older ACS patients. The underlying cause

leading to ACS should be considered in appr.p. ‘ate *isk stratification of young patients.
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FIGURES

Figure 1. Time-to-event curves for the primary endpoint POCE in young and old patients for
the individual components of the primary endpoint at 12 months.

(A) Patient-oriented composite endpoint, (B) all-cause mortality, (C) myocardial infarction, (D)
revascularization. Blue lines indicate young patients. Red lines indicate old patients. HR=hazard
ratio. P=p for superiority. POCE=device-oriented composite endpoint (u>ath, myocardial infarction,

revascularization).

Figure 2. Time-to-event curves for the primary endpon.* POCE in young patients for the
individual components of the primary composite er.dpoint at 12 months according to the
mechanism of ACS.

(A) Patient-oriented composite endpoint (POCL, (B) death, (C) myocardial infarction, (D)
revascularization. Red lines indicate yu'. natients with atherosclerosis as the mechanism of acute
coronary syndrome. Blue lines inc' cate zoronary embolism. Green lines indicate spontaneous
coronary artery dissection. Hk--ha.ard ratio. P=p for superiority. POCE=device-oriented composite

endpoint (death, myocarraai ‘ararction, revascularization).

Figure 3. Time-to-event curves for the primary endpoint DOCE in young and old patients and
the individual components of the primary endpoint at 12 months.

Depicted are first events (% Kaplan Meier estimates), hazard ratios from Cox regression survival
models comparing BP-SES vs. DP-EES (with 95% confidence intervals Cl) and p-values. DOCE
refers to the primary outcome, defined as the composite of cardiac death, target vessel myocardial

infarction, and target lesion revascularization. POCE is the patient-oriented outcome, defined as the



composite all-cause death, myocardial infarction including peri-procedural (CK >2ULN, if not

available CK-MB >3ULN), and any revascularization.



Table. Baseline clinical characteristics.

Overall Young Old p-value
(n=8712) (n=472) (n =8240)

Age (years) 66.3+12.9 40949 67.8+11.6 <0.001
Gender (female) 2232 (25.6%) 124 (26.3%) 2108 (25.6%) 0.74
Body Mass Index (kg/m?) 27.2+4.6 27.6+4.8 27.1+4.6 0.020
Current smoker 2863 (32.9%) 316 (66.9%) 2547 (30.9%) <0.001
Hypercholesterolemia* 4649 (53.4%) 189 (40.0%) 4460 (54.1%) <0.001
Hypertension 5306 (60.9%) 151 (32.0%) 5155 (62.6%) <0.001
Diabetes mellitus 1716 (19.7%) 46 (9.7% 1670 (20.3%) <0.001

Diet 234 (2.69%) 6(1.2"%,) 228 (2.77%) 0.789

Oral treatment 1071 (12.3%) 211715 1050 (12.7%) 0.024

Insulin dependent 625 (7.17%) 22 (1. 6F.%) 603 (7.32%) 0.073
Family history of CAD 1968 (22.6%) 162 (35.6%) 1800 (21.8%) <0.001
Chronic kidney disease (<60 eGFR) 1885 (21.6%) 11 (3.0%) 1871 (28.9%) <0.001
Chronic obstructive lung disease 495 (5.7%) 2 (0.6%) 492 (6.0%) <0.001
Peripheral arterial disease 549 (6.3%) 7 (1.5%) 542 (6.6%) <0.001
History of cerebrovascular accident 480 (5.5%) 10 (2.1%) 470 (5.7%) <0.001
History of gastrointestinal bleeding 183 (2.170) 3 (0.6%) 180 (2.2%) 0.022
History of malignancy 816 19.4%) 7 (1.5%) 809 (9.8%) <0.001
Previous myocardial infarction 1112 (1..2%) 26 (5.5%) 1086 (13.2%) <0.001
Previous PCI 126¢ (4 3%) 27 (5.7%) 1241 (15.1%) <0.001
Previous CABG abe (6.5%) 2 (0.4%) 564 (6.8%) 0.493
Killip Il or IV 957 (11.0%) 37 (7.8%) 920 (11.2%) 0.026
IABP (prior or during PCI) 292 (2.2%) 12 (2.5%) 180 (2.2%) 0.61
Percutaneous LVAD 78 (0.9%) 5 (1.1%) 73 (0.9%) 0.71
Vasopressors 487 (5.6%) 24 (5.1%) 463 (5.6%) 0.63
LVEF (%) N 49.2+13.4 49.9+12.6 49.2 +13.4 0.29
Indication for PCI <0.001

Unstable Angina 733 (8.4%) 19 (4.0%) 714 (8.7%)

NSTE-ACS 3852 (44.2%) 156 (33.1%) 3696 (44.9%)

STEMI 4127 (47.4%) 297 (62.9%) 3830 (46.5%)
Laboratory values

Total cholesterol (mmol/l) 49+1.3 52+13 48+1.3 <0.001

HDL cholesterol (mmol/l) 12+04 1.1+£03 121+04 <0.001

LDL cholesterol (mmol/l) 30+x11 33x11 29+11 <0.001



Triglyceride (mmol/l) 15+11 19+£15 15+11 <0.001

Anemiat 1741 (20.0%) 40 (8.5%) 1701 (20.6%) <0.001
Thrombocytopenia; 85 (1.0%) 3 (0.6%) 82 (1.0%) 0.41
SCORE (% of risk of fatal CVD at 10
years) 4.04 (2.99) 0.47 (0.57) 4.31 (2.93) <0.001

Depicted are counts (%, p-values from Chi-square tests) and means (xstandard deviation, p-values from unpaired t-tests). Young patients defined as female <50
years and male <45 years.

CAD = coronary artery disease. eGFR = creatinine estimated glomerular filtration rate calculated by using the Cockcroft-Gault formula. PCI = percutaneous
coronary intervention. CABG = coronary artery bypass graft. IABP = intra-aortic balloon bump. LVAD = left ventricular assist device. LVEF = left ventricular
ejection fraction. NSTE-ACS = non-ST-elevation acute coronary syndrome. STEMI = ST-elevation my. ~ardial infarction. HDL = high-density lipoprotein. LDL
= low-density lipoprotein.

*Hypercholesterolemia defined as cholesterol >5mmol/I or requiring treatment

TAnemia defined as female <120 hemoglobin g/I, male <130 hemoglobin g/1.

1 Thrombocytopenia defined as <100.10° g/l thrombocytes.



Figure 1. Time-to-event curves for the primary endpoint POCE in young and old patients for

the individual components of the primary endpoint at 12 months.

b s
£ 207 R (95%CI)=0.48 (0.35-0.66) Old patients, 207 LR (°5%C1)=0.32 (0.19-0.54)
e sl sl === Young patients ok i
§‘ p<0.001 EP p<OL ¢
*
8 15- ‘e 15
8 2
g =
10+ § 10
3
o 8
= s l
£ 5 g 5
g :
s |
w
§ 0 o
T T T T T T T T T T T T T T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 365 0 30 60 90 120 150 180 210 240 270 300 330 365
Days since index procedure Days since index procedure
Number at risk Number at risk
Oid 8240 7531 7410 7331 7257 7201 7145 7078 7015 6965 0017 66.° 67 & Okl 8240 7750 7601 7651 7622 7501 7506 7542 7500 7487 7468 7428 7342
Young 472 457 454 451 447 447 444 442 437 438 435 431 X Young 472 450 458 458 458 458 458 458 458 458 457 454 453
® 20 £ 20-
- HR (95%C1)=0.49 (0.25-0.95) = HR (95%C1)=0.65 (0.43-0.97)
z p=0.035 2 p=0.037
©
8 454 § 154
- =
§ 10 g 10
g c
E 2
% 5 g 5
_,_-4—‘_'_'_‘_'—
8 | —————— g
s o 2 0-
T T T T T T T T T T T T T m T T T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 365 0 30 60 90 120 150 180 210 240 270 300 330 365
Days since index procedure Days since index procedure
Number at risk Number at risk
Old 8240 7624 7540 7400 7451 7415 7376 7343 7205 7263 7237 71905 7114 Old 8240 7557 7442 7362 7280 7233 7180 7112 7051 7003 6055 6003 6811

Young 472 458 456 454 453 453 452 452 450 450 440 446 445 Young 472 457 454 452 440 440 446 444 430 438 437 433 431



Figure 2. Time-to-event curves for the primary endpoint POCE in young patients for the

individual components of the primary composite endpoint at 12 months according to the
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Figure 3. Time-to-event curves for the primary endpoint DOCE in young and old patients and

the individual components of the primary endpoint at 12 months.
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Graphical abstract

=~ 1 out of 20 patients was youn.
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Young vs. Old
HR (95%C1)=0.48 (0.35-0.66); p<0.001
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According to Mechanism

Atherosclerosie vs. SCAD: HR [85%CI}=2.57 (1.34-4.93]; p=0.005
Atherosclerosis vs. CAE: HR (95%CI)=3.19 (0.86-11.80); p=0.082
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Highlights

e Approximately one out of 20 ACS patients undergoing PCI for ACS was young (female <50
years, male <45 years).

e The principal mechanism of ACS in young patients was atherosclerosis (86.5%), followed by
coronary artery embolism (CAE) (9%), and spontaneous coronary artery dissection (SCAD)
(4.5%).

e As compared to older patients, young patients had a lower risk far .he primary endpoint POCE

and for its individual components at 12 months.
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