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Personalised risk stratification of acute coronary syndromes
calls for a less broad grouping of MACE
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Intracoronary functional and anatomical tools to
stratify residual risk

There is increasing interest in the functional and anatomical char-
acterisation of non-culprit coronary lesions in patients treated with
percutaneous coronary intervention (PCI) for an acute ischaemic
event. Functional data (fractional flow reserve [FFR]) are key to
investigating plaque propensity to cause ischaemic events and
to identifying lesions that will benefit from PCI'*. Cardiologists
have taken on board these concepts and there is now widespread
consensus on the effectiveness of FFR for studying intermediate
lesions®. The study of plaque morphology to predict outcome is
certainly less supported by the literature and, despite the milestone
PROSPECT study?®, intravascular imaging modalities are confined
to research rather than being used as clinical tools. The anatomical
characterisation of “non-culprit” coronary lesions and the evalu-
ation of the impact of classic risk factors in patients treated for an
acute coronary event are moving in the direction of personalised
medicine. The potential risk of the development of future events

can be approached in a new multi-parametric dimension of sec-
ondary prevention in which intravascular imaging is slowly gain-
ing an increasing role and clinical significance.

The study by Fujino et al in this issue of Eurolntervention’
investigated the clinical role of plaque anatomy at non-culprit sites
by merging angiographic data and IVUS findings.

Article, see page 1676

The authors explored for the first time the association between
residual SYNTAX score (rSS) and non-culprit-related major
adverse cardiac events (MACE) and found a significant difference
in the three-year non-culprit-related MACE rates based on the rSS.
Using data from the PROSPECT study, they also found a corre-
lation between rSS and intravascular ultrasound (IVUS) features
of vulnerability (>1 lesion with plaque burden >70% or >1 lesion
with a minimum lumen area <4 mm? and total dense calcium vol-
ume). Furthermore, in the multivariable analysis, insulin-treated
diabetes mellitus, rSS, and the presence of >1 lesion with plaque
burden >70% independently predicted non-culprit-related MACE.
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The correlation between rSS and IVUS findings, including
minimum lumen area <4 mm? or plaque burden >70%, indicates
that the IVUS criteria of vulnerability can be predicted, to some
extent, using a simple coronary mapping approach.

INTRACORONARY IMAGING FOR STUDYING PLAQUE
VULNERABILITY: IS IT WORTH IT?

Building clinical and anatomical models of plaque vulnerability
is a complex approach that aims at stratifying the residual risk
of MACE after intervention. More aggressive procedures may be
employed in an effort to pursue complete revascularisations, some-
times with the adoption of complex interventions, either implanting
multiple stents or using modalities to remove calcium and permit
adequate stent expansion. The conclusions of Fujino et al’ suggest
a new approach for coronary interventions, requiring a meticulous
assessment of the whole coronary tree, in an attempt to reduce
future coronary events that may be caused by non-culprit coro-
nary lesions. Since transcatheter procedures for treating non-cul-
prit sites have the drawback of increased complexity and costs, we
have to comprehend the clinical benefit this approach may lead to.
The authors defined MACE as the composite of cardiac death, car-
diac arrest, myocardial infarction, or rehospitalisation for unstable
or progressive angina. The significant difference in MACE was
predominantly provided by rehospitalisation for unstable or pro-
gressive angina, which was about five times higher in the patient
group with rSS >8 as compared to the group with rSS <8. The fact
that there were no significant differences regarding the occurrence
of cardiac death or myocardial infarction does not minimise the
importance of the data but rather encourages the search for new
intermediate secondary prevention indicators. Perhaps the rehospi-
talisation for unstable or progressive angina should be reclassified
as an intermediate acute cardiac event (IACE) in a prospective
view of less negative prognostic significance. Furthermore, the
adoption of a more complex approach based on the model combin-
ing IVUS findings (patient with >1 lesion with virtual histology
thin-cap fibroatheroma [VH-TCFA] or plaque burden >70%) with
risk factors and rSS improved MACE prediction even if it did not
seem to influence hard events, including cardiac death and myo-
cardial infarction. This observation triggers new questions. How
does one distinguish patients who will develop hard events from
those who will develop IACE? What is the goal we want to pur-
sue during an invasive angiogram enhanced with IVUS? Does the
expectation of reducing hard clinical endpoints mean setting the
bar too high? Does VH-IVUS have the potential for doing that?
The PROSPECT study® showed that three features of vulnerabil-
ity at radiofrequency intravascular ultrasonography (plaque burden
>70%, minimal luminal area <4.0 mm? or TCFAs) were signi-
ficantly related to MACE occurrence at a three-year follow-up
(FU). Furthermore, 18.2% of non-culprit lesions associated with
recurrent events had all three variables. Radiofrequency IVUS
mainly identified lesions at risk of plaque progression instead of
lesions causing cardiac death and/or MI (that were rare events dur-
ing 3.4 years of FU). Consistently, in the paper by Fujino et al,

IVUS criteria identified more aggressive atherosclerosis, but recur-
rent events seemed to be a logical consequence of plaque progres-
sion of more “mature” lesions, having a relatively small lumen

area or a larger plaque burden.

TARGETING THE CLINICAL ENDPOINTS

Decreasing the risk of hard events is certainly a more difficult
task. The use of an atherosclerotic burden score obtained with
computed tomography (CT-adapted Leaman score), taking into
account lesion localisation, plaque composition, and degree of ste-
nosis, was found to be an independent long-term predictor of car-
diac death and myocardial infarction in patients with suspected
coronary artery disease®. Intravascular imaging modalities have
the potential to explore further the relationship between plaque
anatomy and hard cardiac events, and can probably accomplish
this task better than FFR.

The ineffectiveness of IVUS to identify patients at risk of main
hard cardiac events may be due to the fact that anatomy does
not add to clinical and laboratory data for outcome prediction.
Alternatively, radiofrequency IVUS might not be the unique ideal
solution to study plaque components related to vulnerability due
to its suboptimal resolution: in particular, it may misdiagnose thin
fibrous cap, a well-known feature related to plaque rupture.

The ATHEROREMO study?, in a small population 0of 203 patients,
addressed the long-term prognostic value of intracoronary NIRS,
an imaging modality depicting plaque spectral characteristics
indicative of lipid core. Patients with a lipid core burden index
greater than or equal to the median value of 43.0 had a fourfold
risk of adverse cardiovascular events during one-year FU. In 1,003
patients (1,776 lipid plaques located in untreated proximal left
anterior descending coronary artery segments), the CLIMA reg-
istry addressed the predictive value of multiple vulnerable plaque
features in the same plaque (minimum lumen area fibrous cap
thickness, lipid arc circumferential extension, and presence of mac-
rophages) (Prati F, Romagnoli E, Gatto L, et al; on behalf of CLIMA
Investigators. Relationship between coronary plaque morphology
of the left anterior descending artery and long term clinical out-
come: the CLIMA study. Abstract submission to EuroPCR, Paris,
France, May 2018). The coronary plaques were studied with opti-
cal coherence tomography, the intracoronary imaging modality
with the highest resolution, in the range of 10-20 microns!®. The
simultaneous detection of four features of vulnerability (fibrous cap
thickness <75 pum, presence of minimum lumen area <3.5 mm?,
lipid arc circumferential extension >180° and macrophages) was
found to be an independent predictor of hard events, including car-
diac death and target segment myocardial infarction (HR 7.54).

The implementation of intravascular imaging during invasive
procedures offers a good opportunity to improve patient outcome.
The assessment of coronary anatomy by means of imaging modal-
ities is certainly worth doing, especially if plaque anatomy detec-
tion serves to reduce hard clinical endpoints. To accomplish this
goal, the selection of the most appropriate technique is crucial
(Table 1). In the more than welcome era of personalised medicine,
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Table 1. How the different intravascular imaging tools can contribute to identifying the features of plaque vulnerability.

Radiofreq.

IVUS IVUS

IVUS-NIRS oCcT Angioscopy Pathology features

Angio

Luminal narrowing

Ideal: OCT and IVUS.

— Easily detected by IVUS and OCT.
— Angiography has a lower resolution and shows lumen diameters.
— Angioscopy does not provide measurements.
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Presence of lipid
pool (LP)

Ideal: IVUS-NIRS.

— NIRS adds plaque chemogram to IVUS findings.
— OCT might misdiagnose LP.
— Angioscopy identifies yellow plaques.

- + ++ ++++ ++ +++

Quantification of

the lipid pool (LP) - v el 4 ++ +
Ideal: IVUS-NIRS. o
i FiBROUS |
— IVUS-NIRS quantifies lipid pool by providing a lipid core burden index. el ot o i
— Radiofrequency IVUS can improve plaque characterisation. \ e s

— OCT enables a quantification of the superficial LP arc. P

% = CALCIFICATIONS

Plaque burden /

. - +++ +++ +++ + -

remodelling

Ideal: IVUS. ;. P {'. } * | EXTREME REMODELLING

. . . . (OEY WITH LOSS OF THE

— The high penetration of IVUS enables the assessment of the external elastic lamina. By TUNICA MEDIA

Fibrous cap (FC) _ _ + _ . +

thickness

Ideal: OCT.

— OCT, with its high definition, identifies and measures FC thickness.
— Frequency domain IVUS can detect a superficial LP and may identify thin FC.

Calcific nodules + ++ ++ ++ +++ + e

Ideal: OCT.

— OCT shows calcified nodule with the highest accuracy.
— IVUS identifies calcified nodules too.

CD68 POSITIVE
= = ++ = : SUPERFICIAL

Presence of ‘ ‘ ‘

macrophages
MACROPHAGES

Ideal: OCT.

— OCT, with its high definition, can visualise clustered macrophages.

— No other imaging techniques can identify macrophages.
Angioneogenesis = = = = + = e ‘"Y‘v LS o g
Ideal: none. O ANGIONEOGENESS:

— OCT can identify intraplaque intimal vasculature. o DRI

— Unfortunately there are no intravascular imaging techniques that seem suited for this goal. A 8 'l)) 7 ENDQTHEUAL Uy
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operators should tailor interventional procedures with a more
extensive use of intracoronary tools to see the coronaries from the
inside and provide complex solutions to treat them (balloon, scaf-
folds, drills or shock waves), keeping in mind the clinical end-
points they are aiming at.

Funding

Research on cardiovascular imaging and pathology is sup-
ported by the CLI Foundation (F. Prati, L. Gatto) and the IRCCS
Cardiology Network, supported by the Italian Ministry of Health
(E. Arbustini).

Conflict of interest statement

F. Prati served as consultant for Amgen and Abbott-St. Jude. The
other authors have no conflicts of interest to declare relevant to the
contents of this paper.

References

1. Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E,
Bech JW, van’t Veer M, Bér F, Hoorntje J, Koolen J, Wijns W, de
Bruyne B. Percutaneous coronary intervention of functionally non-
significant stenosis: 5-year follow-up of the DEFER Study. J Am
Coll Cardiol. 2007;49:2105-11.

2. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van’ t
Veer M, Klauss V, Manoharan G, Engstrem T, Oldroyd KG, Ver
Lee PN, MacCarthy PA, Fearon WF; FAME Study Investigators.
Fractional flow reserve versus angiography for guiding percutane-
ous coronary intervention. N Engl J Med. 2009;360:213-24,

3. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA,
Cercek B, Chambers CE, Ellis SG, Guyton RA, Hollenberg SM,
Khot UN, Lange RA, Mauri L, Mehran R, Moussa ID, Mukherjee D,
Nallamothu BK, Ting HH; American College of Cardiology Foun-
dation; American Heart Association Task Force on Practice Guide-
lines; Society for Cardiovascular Angiography and Interventions.
2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary
Intervention. A Report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines and the Society for Cardiovascular Angiography and
Interventions. J Am Coll Cardiol. 2011;58:¢44-122.

4. Morice MC. Has the SYNTAX Score Become Obsolete?
J Am Coll Cardiol. 2018;72:1330-1.

5. Kobayashi Y, Lenborg J, Jong A, Nishi T, De Bruyne B,
Hofsten DE, Kelbaek H, Layland J, Nam CW, Pijls NHJ, Tonino PAL,
Warnge J, Oldroyd KG, Berry C, Engstrom T, Fearon WF;
DANAMI-3-PRIMULTI, FAME, and FAMOUS-NSTEMI Study
Investigators. Prognostic Value of the Residual SYNTAX Score
After Functionally Complete Revascularization in ACS. J Am Coll
Cardiol. 2018;72:1321-9.

6. Stone GW, Machara A, Lansky AJ, de Bruyne B, Cristea E,
Mintz GS, Mehran R, McPherson J, Farhat N, Marso SP, Parise H,
Templin B, White R, Zhang Z, Serruys PW; PROSPECT
Investigators. A prospective natural-history study of coronary ath-
erosclerosis. N Engl J Med. 2011;364:226-35.

7. Fujino A, Kadohira T, Redfors B, Machara A, Serruys PW,
Mintz GS, Stone GW, Généreux P. Significant association among
residual SYNTAX score, non-culprit major adverse cardiac events,
and greyscale and virtual histology intravascular ultrasound find-
ings: a substudy from PROSPECT. Eurolntervention. 2018;14:
1676-84.

8. Mushtaq S, De Araujo Gongalves P, Garcia-Garcia HM,
Pontone G, Bartorelli AL, Bertella E, Campos CM, Pepi M,
Serruys PW, Andreini D. Long-term prognostic effect of coronary
atherosclerotic burden: validation of the computed tomography-
Leaman score. Circ Cardiovasc Imaging. 2015;8:¢002332.

9. Oemrawsingh RM, Cheng JM, Garcia-Garcia HM, van
Geuns RJ, de Boer SP, Simsek C, Kardys I, Lenzen MJ, van
Domburg RT, Regar E, Serruys PW, Akkerhuis KM, Boersma E;
ATHEROREMO-NIRS Investigators. Near-infrared spectroscopy
predicts cardiovascular outcome in patients with coronary artery
disease. J Am Coll Cardiol. 2014,64:2510-8.

10. Prati F, Regar E, Mintz GS, Arbustini E, Di Mario C, Jang IK,
Akasaka T, Costa M, Guagliumi G, Grube E, Ozaki Y, Pinto F,
Serruys PW; Expert’s OCT Review Document. Expert review
document on methodology, terminology, and clinical applications
of optical coherence tomography: physical principles, methodology
of image acquisition, and clinical application for assessment of
coronary arteries and atherosclerosis. Eur Heart J. 2010;31:
401-15.



