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Abstract
Background: Intraprocedural optical coherence tomography (OCT) is a valuable tool for guidance of per-
cutaneous coronary intervention, but long-term follow-up data are lacking.
Aims: The aim of this study was to address the long-term (7.5 years) clinical impact of quantitative OCT 
metrics of suboptimal stent implantation.
Methods: This retrospective study includes 391 patients with long-term follow-up (mean 2,737 days; inter-
quartile range 1,301-3,143 days) from the multicentre Centro per la Lotta contro l’Infarto – Optimisation 
of Percutaneous Coronary Intervention (CLI-OPCI) registry. OCT-assessed suboptimal stent deployment 
required the presence of at least one of the following pre-defined OCT findings: in-stent MLA <4.5 mm2, 
proximal or distal reference lumen narrowing with lumen area <4.5 mm2, significant proximal or distal edge 
dissection width ≥200 μm.
Results: One hundred and two patients (26.1%) with 138 stented lesions (27.7%) experienced a device-
oriented cardiovascular event (DOCE). In-stent MLA <4.5 mm2 (38.1% vs 19.8%, p<0.001), in-stent lumen 
expansion <70% (29.5% vs 20.3%, p=0.032), proximal reference lumen narrowing <4.5 mm2 (6.5% vs 
1.4%, p=0.004), and distal reference lumen narrowing <4.5 mm2 (12.9% vs 3.6%, p=0.001) were signi-
ficantly more common in the DOCE vs non-DOCE group. OCT-assessed suboptimal stent deployment was 
an independent predictor of long-term DOCE (HR 2.17, p<0.001), together with bare metal stent implanta-
tion (HR 1.73, p=0.003) and prior revascularisation (HR 1.53, p=0.017).
Conclusions: The presence of OCT-assessed suboptimal criteria for stent implantation was related to 
a worse clinical outcome at very long-term follow-up. This information further supports an OCT-guided 
strategy of stent deployment.
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Abbreviations
CLI-OPCI Centro per la Lotta contro l’Infarto-Optimisation of 

Percutaneous Coronary Intervention
DES drug-eluting stent
DOCE device-oriented cardiac events
MACE major adverse cardiac events
MI myocardial infarction
MLA minimum lumen area
MLD minimum lumen diameter
OCT optical coherence tomography
PCI percutaneous coronary intervention

Introduction
Optical coherence tomography (OCT) provides high-resolution 
images of coronary arteries and stented segments and can iden-
tify interventional details related to stent failure1,2. The Centro per 
la Lotta contro l’Infarto–Optimisation of Percutaneous Coronary 
Intervention (CLI-OPCI) project was conceived to explore the 
role of angiographic plus OCT guidance for routine percutaneous 
coronary interventions (PCI)3-5 and to contribute to other studies 
in the development of metrics for optimal stenting6-8. However, 
because of the relatively recent clinical introduction of OCT, clin-
ical data are mainly limited to 12-month follow-up and rarely 
exceed 24-36 months9. The present study assessed the longest-
term impact of the pre-specified OCT-assessed quantitative crite-
ria as developed within the CLI-OCPI project.

Editorial, see page 99

Methods
STUDY DESIGN
The CLI-OCPI project is a retrospective, multicentre PCI regis-
try that only included consecutive cases of stent implantation per-
formed with frequency domain OCT assessment. All patients had 
a final OCT assessment of the treated vessel that was performed 
at the end of the procedure. The OCT acquisition length was suffi-
cient to include the stented segments, plus the proximal (when fea-
sible), as well as distal reference segments6. Indications for OCT 
assessment and its practical utilisation were left to each operator’s 
discretion, and no formal selection criteria or treatment strategies 
(e.g., routine stent post-dilation) were prospectively adopted. For 
the purposes of this study, only OCT findings obtained at the end 
of the procedure were considered.

All patients provided written informed consent for the index 
procedure and for follow-up via telephone or direct visit. Ethical 
approval was waived because of the study’s observational retro-
spective design.

In the present study, we evaluated the impact of the individ-
ual OCT findings and OCT-based assessment of suboptimal stent 
deployment on the very long-term clinical outcomes of 427 con-
secutive patients enrolled in the CLI-OPCI project. As per the 
study protocol, the follow-up time refers to the time at which 
patients experienced a clinical event. Only patients with a mini-
mum follow-up length of seven years were included.

For the purpose of this study, the incidence of major adverse 
device-oriented cardiac events (DOCE) was a composite of car-
diac mortality, myocardial infarction (MI) not clearly attribut-
able to a non-target vessel (including periprocedural MI defined 
as creatine kinase myocardial band level >3 times the upper limit 
of normal), and target lesion revascularisation10. All outcomes 
were defined according to the recommendations of the Academic 
Research Consortium11. Endpoint adjudication was performed by 
a central clinical event committee at the central core laboratory 
(Rome Heart Research, Rome, Italy), after reviewing blinded rel-
evant source documents.

No extramural funding was used to support this work, and the 
authors were solely responsible for the design, conduct, and final 
contents of the study.

PATIENTS AND PROCEDURES
In consideration of the retrospective study design, treatment 
choices (access site, stenting technique, drug-eluting stent [DES] 
utilisation, and additional pharmacological therapy) were made 
according to local practice. All patients received unfractionated 
heparin (a bolus of 70 IU/kg with additional doses aimed at achiev-
ing an intraprocedural activated clotting time of 250 to 300 s). 
All patients were pre-treated with 325 mg of aspirin and a load-
ing dose of clopidogrel 600 mg, prasugrel 60 mg, or ticagrelor 
180 mg, if they were not already on a maintenance dose. Unless 
contraindicated, dual antiplatelet therapy was recommended for at 
least 12 months.

After discharge, patients were followed up via scheduled direct 
visits (generally, at one and six months and then routinely or as 
needed) and telephone contacts. In the case of adverse events or 
new hospitalisation, source documents were obtained and exam-
ined in detail.

OCT MEASUREMENTS AND DEFINITIONS
OCT was acquired by means of the frequency domain C7-XR sys-
tem (St. Jude Medical) with a non-occlusive technique according 
to a well-standardised method6.

The following post-intervention OCT metrics were assessed:
1. edge dissection: the presence of a linear rim of tissue with 

a width ≥200 μm and a clear separation from the vessel wall or 
underlying plaque that was adjacent (<5 mm) to a stent edge;

2. reference lumen narrowing: lumen area <4.5 mm2 in the pres-
ence of significant residual plaque adjacent to stent endings; 

3. malapposition: stent-adjacent vessel lumen distance >200 µm;
4. in-stent minimum lumen area (MLA) <4.5 mm2;
5. relative in-stent MLA narrowing: MLA <70% of the average 

reference lumen area;
6. intrastent plaque/thrombus protrusion: tissue prolapsing between 

stent struts extending inside a circular arc connecting adjacent 
struts or intraluminal mass ≥500 μm in thickness with no direct 
continuity with the surface of the vessel wall or highly back-
scattered luminal protrusion in continuity with the vessel wall 
and resulting in signal-free shadowing;
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7. asymmetry index: ratio between maximum and minimum lumen 
diameter (MLD) greater than 1.5 mm.
Suboptimal OCT stent deployment required the presence of 

at least one of the following pre-defined OCT findings: in-stent 
MLA <4.5 mm2, proximal or distal reference lumen narrowing 
with lumen area <4.5 mm2, and significant proximal or distal edge 
dissection width ≥200 μm. These were significantly associated 
with major adverse cardiac events (MACE) in the CLI-OPCI II 
study, which included a composite of cardiac mortality, MI not 
clearly attributable to a non-target vessel (including periprocedural 
MI defined as creatine kinase myocardial band level >3 times the 
upper limit of normal), and target lesion revascularisation3,4.

By study design, final OCT images taken at the end of the pro-
cedures were analysed off-line at a certified central core labora-
tory (Euroimage Research, Rome, Italy) whose operators were 
blinded to procedural characteristics and outcomes.

STATISTICAL ANALYSIS
Continuous variables are reported as mean±standard deviation or 
median (interquartile range) in case of normal or skewed distribu-
tion, respectively; discrete variables are reported as percentages. 
The Student’s t-test, the Mann-Whitney U test, chi-square statis-
tics, or the Fisher exact test were applied for bivariate analyses as 
appropriate. Combined adverse events were evaluated using Cox 
regression analysis and Kaplan-Meier estimates. All study varia-
bles were tested for bivariate association with DOCE; if nominally 
significant (p<0.05), they were evaluated with a Cox regression 
model to identify independent outcome predictors and to calculate 

their adjusted hazard ratios (HR) with associated 95% confidence 
intervals (CI). A two-tailed p-value <0.05 was established as the 
level of statistical significance for all tests. All statistical analy-
ses were conducted with SPSS-PASW version 22.0 (IBM SPSS 
Statistics; IBM Corporation).

Results
We reported the findings of 427 patients treated with OCT guided 
stenting with a medium follow-up of 2,737 days (7.5 years). A list 
of DES used in the present study is reported in Supplementary 
Table 1. Thirty-seven patients were lost to follow-up (8.6%) so 
that 391 patients (91.3%) with a total of 498 lesions entered the 
present long term CLI-OPCI study. Overall, 102 patients (26.1%) 
developed DOCE during follow-up. The comparison between the 
groups with and without DOCE showed a statistically signifi-
cant difference for age, family history of coronary artery disease 
(CAD), and prior revascularisation (Table 1).

LESION ANALYSIS
Lesions in the DOCE group were located more frequently in the 
left circumflex artery and less often in the right coronary artery. 
Additionally, more lesions were treated with bare metal stents 
(BMS) in the group with DOCE (39.1% vs 25.2% in the non-
DOCE group, p=0.002) (Table 2).

After the intervention, lesions associated with follow-up DOCE 
exhibited OCT-assessed smaller in-stent MLA (5.54±1.96 mm2 vs 
6.10±2.25 mm2, p=0.009), MLD (2.30±0.52 mm vs 2.44±0.53 mm, 
p=0.012), maximum in-stent lumen diameter (2.91±0.57 mm 

Table 1. Characteristics of patients according to the follow-up device-oriented cardiovascular events (DOCE).

Total population 
(n=391)

Patients with DOCE 
(n=102)

Patients without DOCE 
(n=289)

p-value

Age (years) 65 (56-73) 66 (59-76) 64 (56-72) 0.014

Female gender (%) 71 (18.0) 18 (18.0) 53 (18.6) 0.895

Left ventricle EF (%) 55 (48-60) 55 (45-60) 56 (48-60) 0.249

Hypertension (%) 287 (75.0) 78 (78.8) 209 (73.9) 0.328

Hypercholesterolaemia (%) 250 (65.0) 64 (64.6) 186 (65.7) 0.846

Smoking habit (%) 129 (34.0) 38 (38.4) 91 (32.2) 0.259

Family history of CAD (%) 113 (29.0) 19 (19.3) 92 (31.8) 0.012

Diabetes mellitus (%) 87 (23.0) 28 (28.3) 59 (20.8) 0.129

CKD (%) 64 (17.0) 22 (24.2) 42 (16.0) 0.080

Multivessel disease (%) 248 (64.0) 70 (70.7) 178 (62.7) 0.150

Prior MI (%) 84 (22.0) 28 (28.3) 56 (19.9) 0.082

Prior revascularisation (%) 113 (29.0) 39 (38.4) 76 (26.5) 0.026

Acute coronary syndrome (%) 233 (61.0) 64 (64.0) 169 (59.9) 0.473

STEMI (%) 119 (31.0) 28 (28.0) 91 (32.2) 0.428

NSTEMI (%) 35 (9.0) 13 (13.0) 22 (7.8) 0.122

Unstable angina (%) 79 (21.0) 23 (23.0) 56 (19.9) 0.505

Stable angina (%) 149 (39.0) 36 (36.0) 113 (40.1) 0.473

Expressed as median and interquartile range. CAD: coronary artery disease; CKD: chronic kidney disease (GFR ≤60 ml∕min∕1.73 m²); 
DOCE: device-oriented cardiovascular events; EF: ejection fraction; MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction; 
STEMI: ST-elevation myocardial infarction
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vs 3.08±0.8 mm, p=0.012), and proximal reference lumen area 
(7.51±3.08 mm2 vs 8.29±3.55 mm2, p=0.031) than lesions in the 
non-DOCE group (Table 3).

The following OCT metrics of suboptimal stent deployment 
were significantly more common in the DOCE vs the non-DOCE 
group: in-stent MLA <4.5 mm2 (38.1% vs 19.8%, respectively, 
p<0.001), in-stent lumen expansion <70% (29.5% vs 20.3%, 
respectively, p=0.032), proximal reference narrowing <4.5 mm2 
(6.5% vs 1.4%, respectively, p=0.004) and distal reference narrow-
ing <4.5 mm2 (12.9% vs 3.6%, p=0.001) (Table 3, Central illus-
tration). After adjusting for significant clinical variables, in-stent 
MLA ≤4.5 mm², distal reference narrowing <4.5 mm², proximal 
edge dissection >200 µm, and in-stent lumen expansion <70% were 
independent variables related to follow-up DOCE (Table 4). As 
reported in Supplementary Figure 1, in-stent lumen expansion cut-
off <70% (C statistic=0.55; 95% CI: 0.51-0.59, p=0.030) showed 
better accuracy for DOCE than cut-offs <80% (C statistic=0.51; 
95% CI: 0.47-0.56, p=0.467) and <90% (C statistic=0.52; 95% CI: 
0.48-0.57, p=0.389). The main composite endpoint (DOCE) and 
the following single endpoints (all cause death, myocardial infarc-
tion and target vessel revascularisation) were significantly more 
common in the lesion group with OCT-assessed suboptimal stent 

deployment as compared to the group with OCT-assessed optimal 
stent deployment (Figure 1). The role of suboptimal stent position-
ing in predicting DOCE in different subgroups (DES/BMS and 
ACS/UA patients) is displayed in Supplementary Figure 2.

Multivariate Cox hazard analysis confirmed OCT-assessed sub-
optimal stent deployment to be an independent predictor of long-
term DOCE (HR 2.17, p<0.001), together with BMS implantation 
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39.7

20.4

Sub-optimal stent deployment Optimal stent deployment

All cause
death

Cardiac
death

Myocardial
infarction

TVR DOCE
(composite)

p=0.013

p=0.08 p=0.001

p<0.001

p<0.001

Figure 1. Lesions associated with follow-up DOCE.  
DOCE: device-oriented cardiac events; MLA: minimum lumen area; 
TVR: target vessel revascularisation

Table 2. Lesion and procedural characteristics according to the follow-up device-oriented cardiovascular events (DOCE).

All lesions 
(n=498)

Lesions with DOCE 
(n=138)

Lesions without 
DOCE (n=360)

p-value

Locations of treated lesions
Left main (%) 29 (5.4) 10 (7.2) 14(3.9) 0.110

Left anterior descending artery (%) 283 (52.3) 77 (55.4) 203 (56.5) 0.941

Left circumflex artery (%) 117 (21.6) 27 (30.0) 89 (20.5) 0.048

Right coronary artery (%) 108 (20.0) 10 (11.1) 92 (21.2) 0.028

Characteristics of treated lesions
Ellis class B2∕C (%) 448 (82.8) 117(84.2) 299 (83.3) 0.711

Calcific lesion (%) 75 (15.5) 24 (17.3) 44 (12.3) 0.149

Ostial lesion (%) 31 (6.4) 8 (5,8) 21 (5,8) 0.970

Bifurcation lesion (%) 68 (13.9) 17(12.2) 51 (14.2) 0.104

Chronic occlusion (%) 9 (1.9) 2 (1,4) 6 (1.7) 0.862

In-stent restenosis lesion (%) 26 (5.7) 6 (6.5) 20 (5.5) 0.718

Stent thrombosis lesion (%) 15 (3.3) 2 (2.1) 13 (3.6) 0.469

Procedural aspects
Direct stenting (%) 122 (27.9) 24 (27.9) 98 (27.9) 0.998

Thrombectomy use (%) 62 (12.8) 10 (10.8) 52 (13.3) 0.509

Post-dilatation (%) 278 (62.5) 51 (57.3) 227 (63.8) 0.260

DES (%) 342 (68.7) 84 (60.8) 269 (74.7) 0.041

BMS (%) 156 (31.1) 54 (39.1) 91 (25.2) 0.002

Overlapping stent (%) 123 (22.7) 28 (20.1) 85 (23.7) 0.349

Optimal angiographic result (%) 487 (97.8) 135 (97.8) 350 (97.4) 0.842

Stent diameter (mm) 3.0 (2.6-3.2) 2.91 (2.5-3.2) 2.98 (2.7-3.2) 0.110

Stent length (mm) 18 (15-28) 21.7 (13-28) 23.5 (15-28) 0.125

Max deployment pressure 16 (14-18) 15.6 (14-18) 15.9 (14-18) 0.446

Contrast dye (ml) 242 (200-300) 248 (182-300) 259 (200-200) 0.226

Expressed as median and interquartile range. BMS: bare metal stent; DES: drug-eluting stent; DOCE: device-oriented cardiovascular events



EuroIntervention 2
0

2
2

;1
8

:e
14

9
-e

15
7

e153

Long-term impact of OCT-assessed suboptimal stent deployment

(HR 1.73, p=0.003) and prior revascularisation (HR 1.53, p=0.017) 
(Figure 2, Central illustration).

EXCLUDING DOCE OCCURRING IN THE FIRST YEAR
After exclusion of the 44 patients (95 lesions) who experi-
enced a DOCE in the first year of follow-up, stented lesions in 
the “DOCE beyond one year” group exhibited the following 
post-intervention OCT findings: smaller MLD (2.31±0.54 mm 

vs 2.44±0.53 mm, p=0.03) and a trend toward a smaller MLA 
(5.66±2.06 mm2 vs 6.11±2.25 mm2, p=0.08). Malapposition length 
was significantly longer in the non-DOCE group (9.63±23.63 mm 
vs 4.06±23.63 mm in the DOCE group, p=0.025) (Table 5).

The following metrics of suboptimal stent deployment were sig-
nificantly more common in the “DOCE beyond one year” group: 
in-stent lumen area ≤4.5 mm² (34.74% vs 19.78%, p=0.004), distal 
reference lumen narrowing <4.5 mm², (9.47% vs 3.62%, p=0.028), 
and proximal edge dissection ≥200 µm (14.7% vs 7.2%, p=0.039) 
(Table 5).

The main composite endpoint (DOCE), all cause death and tar-
get vessel revascularisation (TVR) were significantly more com-
mon in the lesion group with OCT-assessed suboptimal stent 
deployment (Figure 3).

Discussion
The present study showed that OCT-assessed post-intervention 
cut-off metrics predict DOCE at a mean of 7.5 years post-stent 
implantation, extending the earlier CLI-OPCI registry conclusions 
to very long-term patient follow-up. This real-world OCT study 
has, to our knowledge, the most extended OCT follow-up period 
available in the literature. The criteria for OCT-assessed subopti-
mal stenting maintain their predictive value independently from 
CAD presentation and stent type (BMS/DES). OCT-assessed cri-
teria were associated with DOCE even after excluding patients 
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CENTRAL ILLUSTRATION OCT-assessed suboptimal stent deployment required the presence of at least one of the 
following pre-defined OCT findings.
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Figure 2. Kaplan-Meier curves of OCT-assessed suboptimal versus 
optimal stent deployment for DOCE. DOCE: device-oriented cardiac 
events; OCT: optical coherence tomography
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who experienced cardiac events during the first year after inter-
vention. OCT-assessed suboptimal stent deployment is associated 
with a higher risk of hard cardiac endpoints, especially all-cause 
mortality, extending conclusions reached at a follow-up time of 
three years12. Therefore, OCT-assessed suboptimal findings not 
only predict increased acute/subacute stent thrombosis, in-stent 

restenosis, or the need for repeat revascularisation, but they also 
predict mortality, confirming previous OCT findings9.

OCT METRICS OF SUBOPTIMAL STENTING
The present data confirm the long-term effectiveness of the OCT in-
stent MLA <4.5 mm2 cut-off, applied in previous reports from the 
CLI-OPCI project3-5. In-stent MLA ≤4.5 mm² conferred a worse, 
long-term clinical outcome with an HR of 1.75, slightly lower than 
the HR observed at one year (HR 2.62, 95% CI: 1.8-3.9, p<0.001)4. 
Past IVUS studies validated a luminal absolute cut-off of 5 mm2 
for non-left main lesions treated with DES13. More recent IVUS 
studies on first- and second-generation DES deployment suggested 
a stent MLA of less than 5.0-5.5 mm2 as the best predictor for fol-
low-up events, including DES restenosis and early thrombosis13-17. 
According to the Does Optical Coherence Tomography Optimize 
Results of Stenting (DOCTORS) study, an MLA OCT cut-off of 
5.44 mm2 was the best predictor of post-procedural fractional flow 
reserve of 0.9018. In a recent OCT study, Soeda et al investigated 
the association between post-stenting OCT findings and one-year 
DOCE, defined as cardiac death, target vessel-related MI, target 
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Figure 3. Lesions associated with follow-up DOCE after exclusion of 
patients with DOCE occurring within one year. DOCE: device-
oriented cardiac events; TVR: target vessel revascularisation

Table 3. OCT findings in patients with and without follow-up device-oriented cardiovascular events (DOCE).

All lesions
(n=498)

Lesions with DOCE 
(n=138)

Lesions without 
DOCE (n=360)

p-value

In-stent MLA (mm2) 5.94±2.19 5.54±1.96 6.10±2.25 0.009

Diameter minimum (mm) 2.40±0.53 2.30 ± 0.52 2.44±0.53 0.012

Diameter maximum (mm) 3.03±0.75 2.91± 0.57 3.08±0.80 0.024

Stent symmetry at MLA site 1.40±1.38 1.45±1.62 1.38±1.27 0.58

Reference distal lumen area (mm2) 6.05±3.03 5.87±2.67 6.12±3.15 0.44

Reference proximal lumen area (mm2) 8.06±3.43 7.51±3.08 8.29±3.55 0.03

Mean reference lumen area (mm2) 7.02±2.89 6.73±2.55 7.13±3.01 0.17

Stent expansion (%) 91.22±37.18 86.46±29.05 93.08±39.79 0.08

Malapposition thickness (mm) 0.23±0.23 0.22±0.20 0.24±0.25 0.38

Malapposition length (mm) 8.21±20.88 4.47±10.38 9.66±23.61 0.012

Maximum tissue/thrombus prolapse (mm) 0.40±0.26 0.43±0.27 0.39±0.26 0.19

Edge dissection distal length (mm) 0.24±1.01 0.34±1.61 0.21±0.65 0.23

Edge dissection distal width (mm) 0.39±1.92 0.16±0.88 0.48±2.19 0.11

Edge dissection distal arch (°) 7.48±24.83 9.89±30.46 6.55±22.28 0.19

Edge dissection proximal length (mm) 0.22±1.95 0.20±0.79 0.22±2.26 0.91

Edge dissection proximal width (mm) 0.05±0.15 0.06±0.15 0.04±0.15 0.15

Edge dissection proximal arc (°) 6.67±20.03 9.10±19.48 5.65±20.20 0.10

In-stent MLA ≤4.5 mm² (%) 124 (24.90) 53 (38.10) 71 (19.80) 0.0001

Distal edge dissection >200 µm (%) 37 (7.43) 14 (10.10) 23 (6.40) 0.180

Proximal edge dissection >200 µm (%) 44 (8.84) 18 (12.90) 26 (7.20) 0.073

Edge dissection (any) ≥200 µm (%) 74 (14.9) 27 (19.40) 47 (13.09) 0.09

In-stent lumen expansion <70% (%) 114 (22.89) 41 (29.50) 73 (20.30) 0.032

Malapposition ≥200 µm (%) 243 (48.80) 65 (46.76) 178 (49.58) 0.61

Plaque∕thrombus protrusion ≥500 µm (%) 164 (32.9) 49 (35.25) 115 (31.94) 0.43

Distal reference narrowing <4.5 mm2 (%) 31 (6.22) 18 (12.95) 13 (3.62) 0.001

Proximal reference narrowing <4.5 mm2 (%) 14 (2.81) 9 (6.47) 5 (1.39) 0.004

Reference edge narrowing (any) <4.5 mm2 (%) 42 (8.43) 25 (26.30) 17 (4.73) <0.000

Sub-optimal stent deployment 196 (39.3) 77 (55.8) 119 (33.0) <0.000

Data are expressed as mean and standard deviation. DOCE: device-oriented cardiovascular events; MLA: minimum lumen area
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Table 4. Independent variables related to follow-up device-oriented cardiovascular events (DOCE) in the multivariate Cox regression 
analysis.

Univariate HR (95% CI) p-value Multivariate HR (95%CI) p-value

Malapposition ≥200 µm (%) 0.87 (0.62-1.21) 0.407 0.92 (0.63-1.39) 0.661

Stent asymmetry at MLA site 1.30 (0.703-2.413) 0.401 0.50 (0.22-1.32) 0.128

Distal edge dissection >200 µm (%) 1.80 (1.03-3.14) 0.038 1.51 (0.85-2.83) 0.162

Proximal edge dissection >200 µm (%) 1.62 (0.99-2.67) 0.057 2.06 (1.18-3.64) 0.011

Distal reference narrowing <4.5 mm2 3.07 (1.86-5.06) 0.000 2.70 (1.66-5.13) <0.001

Proximal reference narrowing <4.5 mm2 3.23 (1.64-6.37) 0.001 2.09 (0.96-4.67) 0.064

In-stent lumen expansion <70% (%) 1.43 (0.99-2.07) 0.056 1.59 (1.05-2.56) 0.038

In-stent MLA ≤4.5 mm² (%) 2.12 (1.50-2.99) <0.001 1.75 (1.03-2.44) 0.008

Plaque ∕ thrombus protrusion ≥500 µm (%) 1.12 (0.79-1.59) 0.526 0.99 (0.62-1.41) 0.978

MLA: minimum lumen area

Table 5. OCT findings (DOCE vs no DOCE) after excluding patients with DOCE in the first year.

All lesions 
(n=454)

Lesions with DOCE 
(n=94)

Lesions without 
DOCE (n=360)

p-value

In-stent MLA (mm2) 6.01±2.22 5.66±2.06 6.11±2.25 0.08

Diameter minimum (mm) 2.41±053 2.31±0.54 2.44±0.53 0.03

Diameter maximum (mm) 3.05±0.76 2.94±0.58 3.09±0.80 0.11

Stent symmetry at MLA site 1.39±1.32 1.44±1.50 1.38±1.27 0.68

Reference distal lumen area (mm2) 6.13±3.10 6.20±3.15 6.12±3.15 0.82

Reference proximal lumen area (mm2) 8.16±3.47 7.74±3.56 8.28±3.56 0.19

Mean reference lumen area (mm2) 7.10±2.94 6.97±3.01 7.13±3.01 0.65

Stent expansion % 91.49±38.11 85.56±39.70 93.26±39.70 0.08

Malapposition thickness (mm) 0.23±0.24 0.21±0.25 0.24±0.25 0.40

Malapposition length (mm) 8.48±21.48 4.06±23.63 9.63±23.63 0.02

Maximum tissue/thrombus prolapse (mm) 0.40±0.26 0.42±0.26 0.39±0.26 0.33

Edge dissection distal length (mm) 0.23±1.03 0.31±0.65 0.21±0.65 0.39

Edge dissection distal width (mm) 0.40±1.99 0.12±2.19 0.48±2.19 0.14

Edge dissection distal arch (°) 6.69±24.15 7.21±22.28 6.55±22.28 0.82

Edge dissection proximal length (mm) 0.21±2.01 0.14±2.26 0.22±2.26 0.75

Edge dissection proximal width (mm) 0.05±0.15 0.07±0.15 0.04±0.15 0.14

Edge dissection proximal arc (°) 6.50±20.22 9.46±20.23 5.67±20.23 0.12

In-stent MLA ≤4.5 mm² (%) 104 (22.91) 33 (34.74) 71 (19.78) 0.004

Distal edge dissection >200 µm (%) 28 (6.17) 5 (5.26) 23 (6.41) 0.27

Proximal edge dissection >200 µm (%) 40 (8.81) 14 (14.74) 26 (7.24) 0.039

Edge dissection (any) ≥200 µm (%) 68 (15.0) 12 (17.90) 17 (13.10) 0.24

In-stent lumen expansion <70% (%) 101 (22.25) 28 (29.47) 73 (20.33) 0.074

Malapposition ≥200 µm (%) 223 (49.12) 45 (47.37) 178 (49.58) 0.39

Plaque∕thrombus protrusion ≥500 µm (%) 124 (27.31) 24 (25.26) 100 (27.86) 0.65

Distal reference narrowing <4.5 mm2 (%) 22 (4.84) 9 (9.47) 13 (3.62) 0.028

Proximal reference narrowing <4.5 mm2 (%) 8 (1.76) 3 (3.16) 5 (1.39) 0.37

Reference edge narrowing (any) <4.5 mm2 (%) 29 (6.39) 12 (12.63) 17 (4.74) 0.009

Suboptimal stent deployment (%) 167 (41.6) 48 (51.06) 119 (33.05) 0.01

Expressed as mean and standard deviation. DOCE: device-oriented cardiovascular events; MLA: minimum lumen area
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lesion revascularisation, and stent thrombosis. Minimal DES area 
<5.0 mm2 was an independent OCT predictor of DOCE at one 
year (OR 2.54, 95% CI: 1.23-5.25, p=0.012), mainly driven by 
target lesion revascularisation19.

Absolute versus relative metrics of stent expansion is still 
a debated issue13,14,16,20,21. The application of an MLA absolute cut-
off value seems illogical in the presence of diffusely diseased or 
small vessels. In contrast with past data with a shorter follow-
up3-5,19, the present study showed that underexpansion (in-stent 
lumen area <70% reference lumen areas) can predict DOCE. The 
present study supports the search for underexpansion, an OCT 
criterion that has been applied in the ILUMIEN III and IV stud-
ies22,23. Surprisingly, different cut-offs of stent underexpansion, 
such as 80% and 90%, were not able to predict DOCE in our pop-
ulation. Further data will clarify if a more aggressive (greater than 
70%) cut-off value will improve the clinical outcome.

In the current long-term follow-up study, reference lumen nar-
rowing at the distal edge <4.5 mm2 (p=0.001) identified lesions at 
risk of DOCE with an HR of 2.7, similar to earlier reports from 
the CLI-OPCI project. Furthermore, as a relatively unexpected 
finding, proximal dissection was associated with a worse outcome.

The role of suboptimal reference metrics in promoting DOCE 
is by far more important in the first year. Apart from their specific 
role in favouring target lesion cardiac events, the presence of sig-
nificant reference narrowings and dissections is probably a marker 
of extensive atherosclerosis. Consistently, the presence of prox-
imal edge dissections may identify, in later follow-up stages, 
patients with a more aggressive atherosclerosis located in sites 
most likely to impact prognosis.

Consistent with previous short- and medium-term find-
ings, malapposition >200 µm did not identify patients at risk of 
MACE7,24,25. On the other hand, malapposition length was signifi-
cantly longer in stented lesions without DOCE (4.4±10.3 mm in 
the DOCE group vs 9.6±23.6 mm, p=0.012). As a plausible expla-
nation, residual stent malapposition tends to occur in large vessels 
that are at a reduced risk of late cardiac events. In addition, and 
as in previous studies, thrombus/tissue protrusion and stent asym-
metry may have little long-term impact after stent implantation.

Study limitations
As in the past CLI-OPCI project registry studies, the main limita-
tion of the current study resides in its retrospective design. Indeed, 
this real-world OCT registry included patients with different clini-
cal conditions, with both DES or BMS, and lack of a pre-specified 
protocol for PCI optimisation. Nevertheless, after correction for 
the clinical and procedural differences, the presence of non-opti-
mal metrics of stent deployment was confirmed as an independent 
predictor of DOCE in the multivariate Cox hazard analysis.

Further studies are needed to clarify if the OCT-assessed crite-
ria of suboptimal stent implantation tested in the present study, or 
other features suggested in a recently published consensus docu-
ments7, have a role in predicting coronary events for new-gener-
ation DES.

Furthermore, enrolled cases had a relatively low complexity, 
as shown by the low incidence of coronary bifurcations and total 
chronic occlusions.

Conclusions
The presence of OCT-assessed criteria of suboptimal stent implan-
tation was related to a worse clinical outcome at very long-term 
follow-up. This finding supports earlier reports from the CLI-
OPCI project that an OCT-guided strategy of stent deployment 
improves long-term patient outcomes and especially, mortality.

Impact on daily practice
The use of OCT has significantly improved success rates in 
PCI but long-term data are not yet available. The long-term 
follow-up data suggest that OCT metrics of suboptimal stent 
implantation are related to a worse clinical outcome. This find-
ing supports that an OCT-guided strategy of stent deployment 
improves long-term patient outcomes and especially, mortality. 
This retrospective study serves to confirm the beneficial role 
of OCT in PCI. Further additional data from large, randomised 
trials may provide more compelling evidence on the long-term 
benefit of OCT-guided PCI.
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Bare metal stent  

n=156 

Multi-link vision  48 

Driver  31 

Avantgarde  27 

Integrity   21 

Coroflex Blue Neo  13 

Skylor  8 

KAname   7 

Blazer  1 

Drug-eluting stent 

n=342 

XIENCE  96 

CYPHER  77 

Resolute Integrity  77 

TAXUS  29 

Endeavor   28 

Biomatrix  25 

PROMUS PREMIER  8 

Cre8  2 

 

 

 

  



Supplementary Figure 1. ROC analysis of in-stent lumen expansion and DOCE with different cut-offs: 

comparing in-stent lumen expansion <70%, <80% and <90%. 

 

 

 

 

Supplementary Figure 2. Cluster analysis showing the role of suboptimal stent positioning in predicting 

DOCE and single endpoints in different subgroups:  

A. patients admitted for stable angina;  

B. patients admitted for acute coronary syndrome;  

C. patients undergoing drug-eluting stent;  

D. patients undergoing bare-metal stent. 




