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Abstract
Aims: The role of intraprocedural optical coherence tomography (OCT) on the long-term clinical outcome 
of percutaneous coronary interventions (PCI) remains undefined. The aim of the present study was to evalu-
ate the impact of quantitative OCT-defined suboptimal stent implantation at long-term follow-up.

Methods and results: In the context of the multicentre Centro per la Lotta contro l’Infarto – Optimisation 
of Percutaneous Coronary Intervention (CLI-OPCI) registry, we compared the long-term PCI outcome of 
1,211 patients from 13 independent OCT-experienced centres according to end-procedural OCT findings. 
OCT assessment revealed suboptimal stent implantation in 30.9% of lesions, with an increased prevalence 
in patients experiencing device-oriented cardiovascular events (DoCE) (52.8% vs. 28.0%, p<0.001). 
At a median follow-up of 833 (interquartile range 415-1,447) days, in-stent minimum lumen area (MLA) 
<4.5 mm2 (HR 1.82, p<0.001), distal stent edge dissection >200 µm (HR 2.03, p=0.004), and significant 
reference vessel plaque and lumen area <4.5 mm2 at either the distal (HR 5.22, p<0.001) or proximal (HR 
5.67, p<0.001) stent edges were independent predictors of device failure. Conversely, in-stent MLA/mean 
reference lumen area <70%, acute stent malapposition, and intra-stent plaque/thrombus protrusion were not 
associated with worse outcomes. Using multivariable Cox hazard analysis, the presence of at least one of 
the significant criteria for suboptimal OCT stent deployment was confirmed as an independent predictor of 
DoCE (HR 1.92, p=0.001).

Conclusions: Suboptimal stent deployment, defined according to specific quantitative OCT criteria, was 
confirmed as an independent outcome predictor at long-term follow-up.
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Abbreviations
IVUS intravascular ultrasound
OCT optical coherence tomography
PCI percutaneous coronary intervention
DoCE device-oriented cardiovascular events
MLA minimum lumen area
SM stent malapposition

Introduction
The role of intravascular imaging guidance (intravascular ultrasound 
[IVUS] and optical coherence tomography [OCT]) to optimise per-
cutaneous coronary interventions (PCI) is still much debated1-4. 
IVUS studies have shown that the two strongest and most con-
sistent predictors of early stent thrombosis or restenosis after bare 
metal stent (BMS) or drug-eluting stent (DES) implantation are 
stent underexpansion (or a smaller intra-stent minimum lumen area 
[MLA] as a consequence of tissue/thrombus protrusion after stent-
ing a culprit lesion in a patient presenting with an acute coronary 
syndrome [ACS]) and geographic miss (including uncovered edge 
dissections)5. These IVUS predictors of device-oriented cardiovas-
cular events (DoCE) have been confirmed by OCT studies4,6,7.

In this context, the Centro per la Lotta Contro l’Infarto – 
Optimisation of Percutaneous Coronary Intervention (CLI-OPCI) 
project was specifically designed to translate OCT findings into an 
effective clinical improvement. However, one limitation of previ-
ous IVUS and OCT reports – including the CLI-OPCI II study – 
resided in the relatively short period of observation and the limited 
number of adverse events, leaving some uncertainties on the long-
term clinical role of the metrics that were identified.

The aim of the present CLI-OPCI substudy (CLI-OPCI LATE) 
was to evaluate the impact of quantitative OCT-defined suboptimal 
stent implantation at long-term follow-up. In particular, we explored 
the predictive accuracy of the already validated criteria of suboptimal 
stent deployment in a large study population including 1,211 patients 
with a median follow-up duration of approximately three years.

Editorial, see page 370

Methods
STUDY DESIGN AND ENDPOINTS
The design and aims of the CLI-OPCI project have been described 
previously7,8. Briefly, the CLI-OPCI registry, aiming to assess the 
impact of OCT findings during PCI, was collected from participat-
ing centres (Appendix) who submitted data on all consecutive PCIs 
performed with the support of OCT imaging. Due to the exploratory 
nature of the project, only end-procedural OCT images were col-
lected and included in the final analyses; indication for OCT, PCI 
technique, and additional manoeuvres derived from OCT use were 
left to each operator’s choice. By protocol, all included cases had at 
least one good quality OCT pullback in the treated vessel that was 
carried out at the end of the procedure with a sufficient acquisition 
length to address the whole stented segment(s) and at least 5 mm of 
the adjacent reference segment(s)1,9,10, with the exclusion of ostial 
lesions, in which proximal references were not assessed.

The correlation between end-procedural OCT-defined suboptimal 
stent deployment and long-term DoCE constituted the primary end-
point of this substudy; the impact of individual predictive quantita-
tive OCT criteria previously validated was also evaluated. DoCE 
were a composite of cardiac mortality, target vessel myocardial 
infarction (MI; defined as CK-MB >3 times the upper limit of nor-
mal), and target lesion revascularisation (TLR)11. Outcomes were 
defined according to the Academic Research Consortium guide-
lines12 and adjudicated blindly by a clinical events committee. The 
project was approved by the local ethics board and all patients pro-
vided written informed consent for the index procedure, phone/direct 
visit follow-up, and anonymous data management. This work was 
supported by the Centro per la Lotta Contro l’Infarto – Fondazione 
Onlus (Rome, Italy) and the authors were solely responsible for the 
design, conduct, and final content of this study.

PROCEDURES AND IMAGING ACQUISITION
Coronary angiography and PCIs were performed using stand-
ard techniques and catheters, according to the local common 
practice. OCT images was acquired by means of the C7-XR™ 
FD-OCT™ Imaging System or the OPTIS™ Imaging System 
(both St. Jude Medical, St. Paul, MN, USA) with a non-occlu-
sive technique according to a well-standardised methodology1,9,10. 
Treatment choices (i.e., interventional technique and stent selec-
tion) were left to each operator’s discretion, post-procedural dual 
antiplatelet therapy was recommended for at least twelve months, 
and patients were regularly followed by means of periodic phone 
calls and/or direct visit. In case of any adverse event or hospi-
talisation during the follow-up, additional visits were planned to 
obtain source documents and for proper adjudication of events.

OCT ANALYSES AND DEFINITIONS
All angiographic and OCT images were analysed in a blinded fash-
ion off-line by expert readers at a central core laboratory (Rome 
Heart Research). OCT images were reconstructed using the Offline 
Review Workstation ILUMIEN™/OPTIS™ system (St. Jude 
Medical)1, while dedicated automatic edge-detection software 
(Medis medical imaging systems bv, Leiden, the Netherlands) was 
adopted for quantitative coronary angiographic (QCA) assess-
ment13. Definitions for OCT were derived from available consen-
sus documents1, and quantitative cut-offs were derived from the 
CLI-OPCI registries6,7 using the receiver operating characteristic 
(ROC) curve and highest Youden’s index (J) to confirm the predic-
tive accuracy and the maximum potential effectiveness14,15:
–  Malapposition: stent strut detachment from adjacent vessel wall 

>200 μm16,17;
–  Edge dissection: linear rim of tissue ≥200 μm in width and 

with a clear separation from the vessel wall or underlying plaque 
adjacent (<5 mm) to a stent edge1,17;

–  Reference lumen narrowing: lumen area <4.5 mm2 in the presence 
of significant (>70%) residual plaque adjacent to a stent edge7,17;

–  In-stent minimum lumen area (MLA): MLA <4.5 mm2 assessed 
along the entire stent length7,17;
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–  Residual stenosis: in-stent MLA <70% of the average reference 
lumen area7,17;

–  Eccentricity index: maximum stent diameter/minimum stent dia-
meter ratio <0.7 at MLA17;

–  Intra-stent plaque/thrombus protrusion: tissue prolapse ≥500 μm 
in thickness among stent struts into the vessel lumen16,18.

Suboptimal OCT stent deployment required the presence of at least 
one of these OCT findings significantly associated with DoCE.

STATISTICAL ANALYSIS
Mean (±standard deviation) or median (1st-3rd quartile) was used 
to describe continuous variables in case of normal or skewed dis-
tribution, respectively; percentages were used to report discrete 
variables. The Student’s t-test, Mann-Whitney U test, χ² test, and 
Fisher’s exact test were applied for bivariate analyses when appro-
priate. DoCE were evaluated on a per-patient hierarchical basis, 
compared with the log-rank test, and summarised as Kaplan-Meier 
estimates. A landmark analysis at one year was also performed 
to provide separate descriptions of the midterm and late events. 
TLR and stent thrombosis were analysed on both a per-patient 
and a per-lesion basis, and a generalised mixed model analysis 
was performed to exclude differences due to lesion and patient 
level clustering. All variables reported in Table 1, Table 2 and 
Table 3 were tested for bivariate association with DoCE and, 
if nominally significant (p<0.05), were simultaneously forced 
into a Cox regression model to identify independent outcome pre-
dictors and to calculate their adjusted hazard ratios (HRs). The 
final Cox regression model included the following variables: age, 
left ventricular ejection fraction (LVEF), diabetes mellitus, chronic 

kidney disease, family history of coronary artery disease (CAD), 
prior MI, angiographically ambiguous lesion (i.e., intermediate 
lesion with irregular contour and/or haziness), ostial lesion treat-
ment, bare metal stent (BMS) or bioabsorbable vascular scaffold 
(BVS) usage, and suboptimal final OCT result. Statistical ana-
lyses were carried out using SPSS Predictive Analytics Software 
(PASW), Version 22.0 (IBM Corp., Armonk, NY, USA) and adopt-
ing a two-tailed p-value <0.05 for statistical significance.

Results
Between 2009 and 2013, 1,211 patients with 1,422 lesions under-
going end-procedural OCT assessment were enrolled in this reg-
istry from 13 independent OCT-experienced centres. Table 1 and 
Table 2 summarise the clinical and procedural characteristics of the 
study population. Median patient age was 64 (interquartile range 
[IQR] 56-72) years, with 20.8% females. The prevalence of diabetes 
mellitus and chronic kidney disease was 21.6% and 13.6%, respec-
tively. A history of previous MI was present in 21.4% of cases, pre-
vious coronary revascularisation in 30.9%, and about half of the 
patients had multivessel disease. An ACS was the admission diag-
nosis in 58.2% of patients, including acute MI in 41.6%.

Treated lesions usually had a complex profile (Ellis Class B2/C, 
78.2%), predilation was performed in 73.0% of lesions, high-pres-
sure stent post-dilatation in 55.8%, DES implantation in 73.1%, and 
multiple overlapping stents in 21.1%. A satisfactory angiographic 
result (residual stenosis <30% with TIMI 3 flow) was obtained in 
97.7% of treated lesions with 2.9% periprocedural MI.

End-procedural OCT assessment disclosed an in-stent MLA 
<4.5 mm2 in 23.8% with asymmetry in 6.4% of the stented lesions, 

Table 1. Patient characteristics.

Total population 
(1,211)

Patients with DoCE 
(144)

Patients without DoCE 
(1,067)

p-value

Age (years)* 64 (56-72) 66 (57-75) 64 (56-72) 0.020

Female gender (%) 252 (20.8) 28 (19.4) 224 (21.0) 0.743

Left ventricle ejection fraction (%)* 55 (48-60) 54 (45-60) 55 (48-60) 0.003

Hypertension (%) 837 (69.1) 105 (72.9) 732 (68.6) 0.281

Hypercholesterolaemia (%) 734 (60.6) 87 (60.4) 647 (60.6) 0.974

Smoking habit (%) 397 (32.8) 44 (30.6) 353 (33.1) 0.634

Family history of CAD (%) 378 (31.2) 32 (22.2) 346 (32.4) 0.016

Diabetes mellitus (%) 262 (21.6) 49 (34.0) 213 (20.0) <0.001

CKD (GFR <60 ml/min/1.73 m2) (%) 165 (13.6) 29 (20.1) 136 (12.7) 0.011

Multivessel disease (%) 646 (53.3) 86 (59.7) 560 (52.5) 0.097

Prior MI (%) 259 (21.4) 45 (31.3) 214 (20.1) 0.003

Prior coronary revascularisation (%) 374 (30.9) 54 (37.5) 320 (30.0) 0.084

Acute coronary syndrome (%) 705 (58.2) 87 (60.4) 618 (57.9) 0.718

STEMI (%) 341 (28.2) 40 (27.8) 301 (28.2) 0.922

NSTEMI (%) 162 (13.4) 23 (16.0) 139 (13.0) 0.363

Unstable angina (%) 201 (16.6) 24 (16.7) 177 (16.6) 0.981

Stable angina (%) 496 (41.0) 57 (39.6) 439 (41.1) 0.718

* Expressed as median and interquartile range. CAD: coronary artery disease; CKD: chronic kidney disease; DoCE: device-oriented cardiovascular events; 
MI: myocardial infarction; NSTEMI: non-ST-elevation MI; STEMI: ST-elevation MI
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stent underexpansion in 22.4%, edge dissection in 12.0%, acute resid-
ual stent malapposition (SM) in 52.3%, intra-stent plaque/throm-
bus protrusion in 27.5%, and reference lumen narrowing in 6.3%.

During the observed median follow-up of 833 (IQR 415-1,447) 
days, 11.9% of the patients experienced a DoCE including 3.4% 
cardiac mortality, 4.3% non-fatal target vessel MI, and 8.6% TLR 
(Table 4). Excluding periprocedural MI, mean time-to-DoCE was 
754 (IQR range 376-1,383) days, with 55.6% of adverse events 
occurring within the first twelve months after the procedure and 
44.4% occurring after twelve months. The rate of patients lost 
after the first follow-up contact (usually 30-180 days after PCI) 
was 6.8%. Only one case of premature dual antiplatelet therapy 
(DAPT) discontinuation was documented in these cases. DAPT 
regimens included clopidogrel in 68.7%, prasugrel in 19.2%, and 
ticagrelor in 12.1% of patients, with no significant difference 
between patients with vs. those without adverse events.

CLINICAL PREDICTORS
When compared to patients with event-free survival, patients 
experiencing DoCE during follow-up showed a higher baseline 
risk profile including older age (66 vs. 64 years, p=0.020), lower 

median LVEF (54% vs. 55%, p=0.003), a higher prevalence of 
diabetes mellitus (34.0% vs. 20.0%, p<0.001) and chronic kidney 
disease (20.1% vs. 12.7%, p=0.011), and a more frequent history 
of prior MI (31.3% vs. 20.1%, p=0.003) (Table 1).

Regarding procedural characteristics, patients with DoCE were 
characterised by higher BMS use (27.0% vs. 14.8%, p<0.001) 
and more frequent treatment of an ostial lesion (10.1% vs. 6.0%, 
p=0.046), or an angiographically ambiguous lesion (14.6% vs. 
9.2%, p=0.017) (Table 2).

In lesions associated with any adverse event during follow-up, 
OCT analyses revealed a significantly higher prevalence of subop-
timal stent deployment in terms of in-stent MLA <4.5 mm2 (35.4% 
vs. 22.1%, p<0.001), dissection >200 µm at the distal stent edge 
(10.7% vs. 5.6%, p=0.007), and reference lumen area <4.5 mm2 in 
the presence of residual significant plaque at either the distal (15.7% 
vs. 3.1%, p<0.001) or proximal (8.4% vs. 1.1%, p<0.001) stent edge 
(Figure 1). Conversely, other parameters such as eccentric stent 
expansion at the MLA site (12.4% vs. 10.3%, p=0.479), in-stent 
MLA <70% of the average reference lumen area (25.8% vs. 21.9%, 
p=0.208), dissection at the proximal stent edge (7.9% vs. 6.3%, 
p=0.518), acute SM >200 µm (48.9% vs. 52.7%, p=0.337), or in-stent 

Table 2. Procedural characteristics.

All lesions 
(1,422)

Lesions with DoCE 
(178)

Lesions without DoCE 
(1,244)

p-value

Location of lesion treated
Left main (%) 78 (5.5) 12 (6.7) 66 (5.3) 0.541

Left anterior descending artery (%) 763 (53.6) 90 (50.6) 673 (54.1) 0.421

Left circumflex artery (%) 263 (18.5) 41 (23.0) 222 (17.8) 0.118

Right coronary artery (%) 318 (22.4) 35 (19.7) 283 (22.8) 0.408

Lesion features
Ellis Class B2/C (%) 1,112 (78.2) 143 (80.3) 969 (77.9) 0.521

Calcific lesion (%) 207 (14.6) 32 (18.0) 175 (14.1) 0.199

Ostial lesion (%) 93 (6.5) 18 (10.1) 75 (6.0) 0.046

Bifurcation lesion (%) 220 (15.5) 28 (15.7) 192 (15.4) 0.985

Chronic total occlusion lesion (%) 34 (2.4) 4 (2.2) 30 (2.4) 0.939

Angiographically ambiguous lesion (%) 141 (9.9) 26 (14.6) 115 (9.2) 0.017

In-stent restenosis lesion (%) 84 (5.9) 16 (9.0) 68 (5.5) 0.104

Stent thrombosis lesion (%) 43 (3.0) 7 (3.9) 36 (2.9) 0.601

Technical approach
Direct stenting (%) 384 (27.0) 49 (27.5) 335 (26.9) 0.872

Thrombectomy use (%) 194 (13.6) 23 (12.9) 171 (13.7) 0.915

Post-dilation (%) 794 (55.8) 91 (51.1) 703 (56.5) 0.254

DES (%) 1,040 (73.1) 121 (68.0) 919 (73.9) 0.116

BMS (%) 232 (16.3) 48 (27.0) 184 (14.8) <0.001

BVS (%) 147 (10.3) 9 (5.1) 138 (11.1) 0.019

Overlapping stent (%) 300 (21.1) 40 (22.5) 260 (20.9) 0.710

Optimal angiographic result (%) 1,390 (97.7) 172 (96.6) 1,218 (97.9) 0.419

Stent diameter (mm) * 3.0 (2.75-3.5) 3.0 (2.5-3.25) 3.0 (2.75-3.5) 0.057

Stent length (mm) * 20 (15-28) 18 (15-28) 20 (15-30) 0.035

Max pressure during stent implantation * 16 (14-18) 16 (14-18) 16 (14-18) 0.520

Contrast dye * 250 (200-300) 250 (200-350) 250 (200-300) 0.173

*Expressed as median and interquartile range. BMS: bare metal stent; BVS: bioresorbable vascular scaffold; DES: drug-eluting stent
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Table 3. OCT findings.

All lesions 
(1,422)

Lesions with DoCE 
(178)

Lesions without DoCE 
(1,244)

p-value

OCT features
Minimum in-stent lumen area (mm2) 6.0±2.1 5.6±2.0 6.1±2.1 0.002

Maximum in-stent lumen diameter (mm) 3.0±0.6 2.9±0.5 3.0±0.6 0.006

Minimum in-stent lumen diameter (mm) 2.4±0.5 2.3±0.5 2.4±0.5 0.006

Lumen symmetry (%) 1.3±0.2 1.3±0.2 1.3±0.2 0.436

In-stent lumen expansion * 85.7±22.0 88.0±25.3 85.3±21.5 0.188

Distal reference lumen area (mm2) 6.4±2.8 5.7±2.3 6.4±2.8 0.002

Proximal reference lumen area (mm2) 8.3±3.5 7.4±3.3 8.4±3.5 0.001

Malapposition thickness (mm) 0.25±0.24 0.22±0.20 0.25±0.25 0.111

Malapposition length (mm) 3.3±4.3 3.0±3.9 3.4±4.4 0.259

Intra-stent plaque/thrombus protrusion (mm) 0.39±0.25 0.40±0.28 0.39±0.25 0.511

Distal edge dissection length (mm) 0.22±0.85 0.46±1.7 0.19±0.63 <0.001

Distal edge dissection width (mm) 0.04±0.11 0.07±0.19 0.03±0.10 <0.001

Distal edge dissection arc (°) 6.6±23.0 14.3±43.4 5.5±18.2 <0.001

Proximal edge dissection length (mm) 0.14±0.54 0.20±0.77 0.13±0.50 0.183

Proximal edge dissection width (mm) 0.03±0.11 0.04±0.11 0.03±0.11 0.438

Proximal edge dissection arc (°) 5.0±16.7 7.4±19.9 4.7±16.2 0.093

Suboptimal OCT criteria 
Minimum in-stent lumen area <4.5 mm2 (%) 338 (23.8) 63 (35.4) 275 (22.1) <0.001

Asymmetric stent index (%) † 150 (10.5) 22 (12.4) 128 (10.3) 0.479

In-stent lumen underexpansion (%) ‡ 319 (22.4) 46 (25.8) 273 (21.9) 0.208

Malapposition >200 µ (%) 743 (52.3) 87 (48.9) 656 (52.7) 0.337

Intra-stent plaque/thrombus protrusion >500 µ (%) 391 (27.5) 53 (29.8) 338 (27.2) 0.109

Edge dissection >200 µ (%) 170 (12.0) 29 (16.3) 141 (11.3) 0.049

Distal dissection (%) 89 (6.3) 19 (10.7) 70 (5.6) 0.007

Proximal dissection (%) 92 (6.5) 14 (7.9) 78 (6.3) 0.518

Reference narrowing (%) § 89 (6.3) 40 (22.5) 49 (3.9) <0.001

Distal narrowing (%) 67 (4.7) 28 (15.7) 39 (3.1) <0.001

Proximal narrowing (%) 29 (2.0) 15 (8.4) 14 (1.1) <0.001

*Defined as in-stent to mean reference lumen area, expressed as a percentage. † Ratio between minimum stent diameter/maximum stent 
diameter <0.7. ‡ Defined as in-stent MLA <70% of the average reference lumen area. § Defined as reference lumen area <4.5 mm2 in presence of 
significant plaque.

Table 4. Clinical outcomes. 

Total population 
(1,211)

Patients with OCT 
suboptimal deployment*  

(375)

Patients with OCT 
optimal deployment* 

(836)
p-value HR

DoCE (%) 144 (11.9) 76 (20.3) 68 (8.1) <0.001 2.70 (1.9-3.7)

Cardiac death (%) 41 (3.4) 19 (5.1) 22 (2.6) 0.027 2.00 (1.1-3.7)

Target vessel MI (%) 103 (7.2) 56 (12.7) 47 (4.8) <0.001 2.71 (1.8-4.0)

Periprocedural 42 (2.9) 19 (4.3) 23 (2.3) 0.046 1.86 (1.1-3.4)

During follow-up 61 (4.3) 37 (8.4) 24 (2.4) <0.001 3.46 (2.1-5.8)

Target lesion 
revascularisation (%)

patient basis 102 (8.4) 61 (16.3) 41 (4.9) <0.001 3.69 (2.5-5.5)

lesion basis 122 (8.6) 70 (15.9) 52 (5.3) <0.001 3.22 (2.2-4.6)

Target vessel 
revascularisation (%)

patient basis 124 (10.2) 64 (17.1) 60 (7.2) <0.001 2.61 (1.8-3.7)

lesion basis 152 (10.7) 75 (17.0) 77 (7.8) <0.001 2.31 (1.7-3.2)

Stent thrombosis (%) patient basis 32 (2.6) 27 (7.2) 5 (0.6) <0.001 12.46 (4.8-32.3)

lesion basis 34 (2.4) 29 (6.6) 5 (0.5) <0.001 13.17 (5.1-34.0)

Days of follow-up † 833 (415-1,447) 746 (380-1,458) 881 (426-1,445) 0.160 –

*Either in-stent MLA <4.5mm2, dissection >200 µ at the distal stent edges, or distal or proximal reference narrowing. † Expressed as median and 
interquartile range. DoCE: device-oriented cardiovascular events, i.e., hierarchical major adverse cardiac events (cardiac death, non-fatal target vessel 
myocardial infarction, target lesion revascularisation); MI: myocardial infarction



e448

EuroIntervention 2
0
1
8

;14
:e

4
4

3
-e

4
51

plaque/thrombus prolapse (29.8% vs. 27.2%, p=0.109) were not 
associated with an increased incidence of adverse events (Table 3).

Cumulatively, the presence of at least one of the predictive OCT 
parameters (i.e., in-stent MLA <4.5 mm2, distal stent edge dissec-
tion >200 µm, and reference narrowing) was disclosed at the end 
of the procedure in 30.9% of treated lesions (Table 5) and was 
significantly more frequent in patients experiencing DoCE during 
follow-up (48.9% vs. 28.4%, p<0.001). The impact of a subop-
timal OCT-defined stent implantation was confined to the early 
phases of follow-up (HR 2.52, 95% CI: 1.4-4.6, p=0.002), while 
the clinical outcome was comparable after the first year (HR 1.47, 
95% CI: 0.9-2.5, p=0.165). A Kaplan-Meier curve of the incidence 
of DoCE is shown in Figure 2.

In the multivariable Cox hazard analysis, suboptimal OCT stent 
deployment was confirmed as an independent predictor of long-
term DoCE (HR 1.92, 95% CI: 1.3-2.9, p=0.001), together with 
diabetes mellitus (HR 1.89, 95% CI: 1.2-2.9, p=0.003), chronic 
kidney disease (HR 1.67, 95% CI: 1.1-2.7, p=0.030), and ostial 
lesion location (HR 2.57, 95% CI: 1.4-4.7, p=0.002).

Figure 1. OCT criteria applied to address suboptimal OCT stent deployment. A) Edge dissection (*), defined as a linear rim of tissue 
with a width ≥200 μm and a clear separation from the vessel wall or underlying plaque, that was adjacent to a stent edge. B) Intra-stent 
minimum lumen area <4.5 mm2. C) Reference lumen narrowing defined as lumen area <4.5 mm2 in the presence of significant plaque (*) 
adjacent to stent edges.

Table 5. Predictive value of OCT criteria.

In-stent minimum lumen area 
<4.5 mm2 HR 1.82 (1.3-2.5) <0.001

Eccentricity index <0.70 * HR 1.26 (0.8-2.0) 0.320

Stent underexpansion † HR 1.20 (0.9-1.7) 0.292

Malapposition >200 µ HR 0.92 (0.7-1.2) 0.559

Intra-stent plaque/thrombus 
protrusion >500 µ HR 1.25 (0.9-1.7) 0.181

Edge dissection >200 µ HR 1.50 (1.1-2.2) 0.046

Distal edge dissection >200 µ HR 2.03 (1.3-3.3) 0.004

Proximal edge dissection >200 µ HR 1.16 (0.7-2.0) 0.587

Reference narrowing ‡ HR 5.79 (4.1-8.3) <0.001

Distal reference narrowing ‡ HR 5.22 (3.5-7.9) <0.001

Proximal reference narrowing ‡ HR 5.67 (3.3-9.7) <0.001

* Ratio between minimum stent diameter/maximum stent diameter. 
† Defined as in-stent to mean reference lumen area <70%. ‡ Defined as 
reference lumen area <4.5 mm2 in the presence of significant plaque.
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Figure 2. Clinical outcome. Time-to-event curves for device-oriented 
cardiovascular events (DoCE) according to optimal vs. suboptimal 
stent deployment assessed using OCT. DoCE: composite of cardiac 
death, target vessel myocardial infarction, and target lesion 
revascularisation (TLR)

Discussion
This study validates, in an adequately large real-world population, 
the clinical impact of an OCT-defined suboptimal stent implan-
tation at long-term follow-up. In particular, our data confirm 
the DoCE reduction associated with OCT guidance over stand-
ard angiography evaluation during stent implantation, extending 
to a longer observation period (about three years) the earlier con-
clusions of the CLI-OPCI project7. Interestingly, the same OCT 
features that were found to be predictive at one-year follow-up 
remained significantly related to long-term DoCE, with reference 
narrowing being the metric with by far the highest clinical impact.
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The CLI-OPCI LATE study

THE CLI-OPCI PROJECT AND EFFECTIVE METRICS OF 
SUBOPTIMAL STENTING
The CLI-OPCI project was designed with the goal of systematically 
collecting from high-volume OCT-experienced centres data on all 
consecutive PCIs performed with intraprocedural OCT assessment. 
The clinical usefulness of OCT-specific metrics was originally tested 
in the CLI-OPCI registry (335 patients) that showed a clinical bene-
fit at one year in terms of cardiac death and myocardial infarction 
with OCT guidance6. Subsequently, the larger CLI-OPCI II study 
(832 patients) identified OCT metrics of suboptimal stent deploy-
ment (in-stent MLA <4.5 mm2, dissection >200 µm at the distal 
stent edge, and reference lumen area <4.5 mm2 in the presence of 
residual significant plaque at stent edges) as being associated with 
worse outcome in the first year of follow-up7.

The current CLI-OPCI LATE study enrolling a total of 1,211 
patients with a median follow-up of almost three years aimed 
to evaluate the clinical benefit of an optimal OCT-defined stent 
implantation at long-term follow-up. A cumulative DoCE rate of 
11.9% was recorded with an incidence of cardiac death (3.4%), 
target vessel-related MI (7.2%), and TLR (8.6%) consistent 
with other large all-comer PCI registries19. Despite the satisfac-
tory angiographic result, the end-procedural OCT assessment 
revealed a significant rate of suboptimal stent deployment (30.9% 
of lesions) that was significantly higher in patients experiencing 
DoCE (48.9% vs. 28.4%, p<0.001). In fact, patients with at least 
one of the predictive OCT criteria showed an increased risk of car-
diac death (HR 2.0), target vessel MI (HR 1.86 for periprocedural 
and HR 3.46 for post-discharge MI), and TLR (HR 3.22). After 
correction for other potential confounding factors and comorbidi-
ties, the presence of a final suboptimal stent deployment was con-
firmed as an independent outcome predictor (HR 1.92). Notably, 
all predictive OCT metrics identified in the CLI-OPCI II – in-stent 
MLA <4.5 mm2, dissection >200 µm at the distal stent edge, and 
reference vessel disease with lumen area <4.5 mm2 – remained 
associated with a worse outcome, albeit their predictive strength 
was maximal during the first year of follow-up (Table 5, Figure 2). 
The observed attenuation of the OCT clinical impact with a stabi-
lisation of survival curve divergence after the first year probably 
reflects the emerging influence of the baseline clinical risk pro-
file and worsening of atherosclerosis that became more evident at 
long-term follow-up.

NON-EFFECTIVE OCT METRICS OF SUBOPTIMAL STENTING
According to the one-year data of previous CLI-OPCI regis-
tries6-8, and also as seen in the present study, acute residual SM, 
vari ably observed in over 50% of stents, was not significantly 
related to the risk of long-term stent failure (HR 0.92). Albeit 
the lack of an OCT follow-up is a limitation in discussing the 
role of acute SM as a potential cause of stent thrombosis due to 
incomplete stent coverage20,21, the present OCT findings (consist-
ent with the ADAPT-DES IVUS data22), seem to suggest a safe 
management of acute residual SM with single antiplatelet ther-
apy after the first year23.

Similarly, % stent narrowing (i.e., relative stent underexpan-
sion), considered the most important metric to address the ade-
quacy of stent deployment in most randomised studies24,25, was 
not related to a worse clinical outcome in the current analysis 
(HR 1.20). This finding, probably due to lumen/calibre mismatch 
between diseased and healthy reference segments, should be con-
sidered when designing future randomised studies in order to 
assess the clinical utility of OCT guidance.

Limitations
The retrospective design represents the main limitation of the pre-
sent study. Indeed, this registry included patients with different 
clinical conditions uniquely pooled by intraprocedural OCT use 
(not randomised). Nevertheless, after correction for the evident 
clinical and procedural differences, the presence of non-optimal 
OCT criteria for stent deployment was confirmed as an independ-
ent predictor of DoCE in the multivariable Cox hazard analysis.

Starting from the generally adopted IVUS/OCT definitions 
of suboptimal stent deployment, in the present study, and in the 
CLI-OPCI registries6-8, we proposed luminal cut-offs to deline-
ate a practical approach to OCT guidance. However, this approach 
needs further clinical validation from randomised studies as the 
role and importance of the described OCT findings could vary 
according to different patient/device categories.

Conclusions
The presence of a suboptimal stent deployment, defined according 
to specific quantitative OCT criteria, was confirmed as an inde-
pendent outcome predictor at long-term follow-up. These data add 
more evidence to the clinical utility of an OCT-guided strategy 
during PCI.

Impact on daily practice
In the context of a large multicentre real-world registry 
(the Centro per la Lotta Contro l’Infarto – Optimisation of 
Percutaneous Coronary Intervention project), this study dem-
onstrated a correlation between optical coherence tomography 
(OCT)-defined suboptimal stent deployment and worse long-
term clinical outcome. In particular, the presence of distal 
stent edge dissection >200 µm, in-stent minimum lumen area 
<4.5 mm2, and significant reference vessel plaque with a lumen 
area <4.5 mm² at the stent edges, are independent predictors 
of device failure. Larger randomised prospective studies are 
needed to confirm the clinical impact of OCT guidance during 
percutaneous coronary intervention and to investigate the man-
agement and the possibility of improvement of OCT-defined 
suboptimal stent deployment.

Appendix. CLI-OPCI project study investigators
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