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Introduction
Despite a constant evolution in stent/scaffold design, stent 
failure is still perceived as a clinical problem. The process of 
drug eluting stent (DES) struts thinning that occurred in the 
last year with the introduction of cobalt-chromium devices has 
been of utmost importance to significantly reduce the incidence 
of stent thrombosis and restenosis [1,2]. Yet, suboptimal stent 
positioning represents a trigger for acute events even after 
deployment of scaffolds with optimal design and a valid polymer-
drug combination [3-7].

The aim of this review is to highlight the role of Optical Coherence 
Tomography (OCT) in guiding PCI (Percutaneous Coronary 
Intervention) to prevent some features of suboptimal stent 
implantation related with higher risk of cardiac events during the 
follow-up.

Findings
The CLI-THRO study addressed the incidence of suboptimal OCT 
results in 21 consecutive patients exhibiting subacute thrombosis 
[8]. The patients were matched 1:2 with a control group of 
42 patients from the Euro-Image Research core laboratory 
database. Interestingly OCT showed smaller lumen dimensions 
area in the stent thrombosis group. In-fact minimal lumen area 
and minimal stent area measurements were significantly smaller 
in presence of thrombosis (p < 0.001 and p = 0.03, respectively). 
Furthermore, in the group with subacute thrombosis, procedure-
related problems such as under expansion, edge dissection, and 
reference lumen narrowing were significantly more frequent. 
Globally, features indicative of suboptimal stent deployment 
occurred in 20 (95.2%) of 21 patients with ST versus 18 (42.9%) 
of 42 in control group (P = 0.0003). 

Such findings with OCT were not unexpected. In-fact consistent 
with this finding, the large Intra-Vascular-UltraSound (IVUS) 
substudy of the ADAPT-DES (Assessment of Dual Antiplatelet 
Therapy with Drug Eluting Stents) showed that the presence of 
attenuated plaque, tissue protrusion, reference segment plaque 
burden, and edge dissection are significant predictors of stent 
thrombosis [9]. 

OCT, with its high resolution shows features that may be missed 
by IVUS and is therefore very instrumental to verify optimal stent 
deployment. Features such as malapposition, intra stent plaque/
thrombus protrusion, or dissections at the stent edges and inside 

the stents are easily identified by OCT [10-12]. The CLI-OPCI 
studies [13,14] were specifically designed to further understand 
the clinical impact of OCT features of suboptimal stenting, 
pointed out by the CLI-THRO study. 

The CLI-OPCI II14 addressed the role of OCT findings after PCI in a 
large population comprising 832 patients and 1002 lesions with a 
median follow-up of 319 days. The CLI-OPCI II showed that OCT-
defined suboptimal stent deployment was a relatively common 
finding (31.0% of cases) with a significantly higher prevalence 
in patients experiencing major acute cardiac events (MACE) in 
the first year of follow up (59.2% vs. 26.9%, p<0.001) and was 
an independent predictor of worse outcome (HR=3.53, p<0.001). 

Consistently the multicenter CLI-OPCI study [13] aimed at 
verifying in 670 patients whether the use of OCT can improve the 
1-year composite event of cardiac death or nonfatal myocardial 
infarction after PCI in a real world population, disclosed adverse 
features OCT requiring further interventions in 34.7%. Patients 
who underwent OCT-guided intervention were compared 
with those from a control group by means of propensity score 
adjustment. Interestingly OCT guided intervention halved 
the rate of death and myocardial infarction from 13% to 6.6% 
(p=0.006).
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The study showed that OCT can potentially improve the clinical 
outcomes after stenting in a real-world population. However, its 
promising conclusions were approached with caution due to its 
non-randomized design and relatively small population size.

OCT findings after stenting: What we should 
correct and what we should not?
The CLI-THRO [8] and CLI-OPCI II [14] studies identified 
quantitative metrics to indicate good stent positioning.

Incomplete lesion coverage and residual reference segment 
stenosis (Figure 1) is by far the most important metric of non-
adequate stent deployment.  Of note it has been also associated 
with stent thrombosis in IVUS studies [9]. In the CLIO-PCI II study, 
stented segments exhibiting a narrowing at the reference (lumen 
area <4.5 mm2 in the presence of significant plaque) experienced 
a worse outcome with a risk of MACE approximately five times 
higher regardless of the location (proximal or distal reference 
segment).  

Distal dissections
Dissections >200 µm at the distal stent edge (Figure 2) is an 
adjunctive feature that conveys an higher risk of MACE (HR 2.54, 
p=0.004), while proximal dissections had no clinical impact. The 
same conclusion was reached by Bouki et al. [15]. According 
to authors, who studied 74 patients with Acute Coronary 
Syndromes (ACS), presence of a residual dissection flap >0.31 
mm, carried an adverse long term clinical impact. The negative 
clinical impact of stent edge dissection, shown in the CLI-OPCI 
study, was exerted in the early phase after intervention with the 
vast majority of MACE occurring during the first 3 months after 
the procedure. This finding does not contradicts the conclusions 
reached by Radu et al. [16] who showed in a serial OCT study the 
late dissection tend to heal at late follow-up: in fact at one year 
90% of edge dissections were completely healed on OCT. 

Small final in-stent MLA (Figure 3), was significantly related to 
clinical outcome in the CLI-OPCI II14, with a final threshold of 4.5 
mm2  that served as the best OCT MACE predictor.

It has been suggested that acute malapposition (Figure 4) may 
be associated with reduced re-endothelialisation and increased 
neointima formation. However, our data corroborate IVUS 
findings [17,18] that failed to relate acute stent-vessel wall 
malapposition with clinical outcome. Such conclusions were also 
in line with those that recently emerged from the CLI-THRO study 
[8] as well as a report from Im et al. [19].

Intravascular imaging modalities can reveal a wrong stent 
positioning, missed by angiography. This issue has been 
stressed by the CLI-OPCI13, showing a 34% of non-optimal stent 
positioning despite a final look use of OCT, after achievement of 
a good result at angiography.   

Figure 1 An example of residual reference segment stenosis 
not adequately covered by stent.

Figure 2 An example of dissection at the distal stent edge.

Figure 3 An example of stent with a MLA < 4.5 mm2. 
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The pioneering studies conceived in the CLI-OPCI projects, set 
up the basis for randomized OCT trails aiming at a comparison 

between OCT and angio-guided approach to improve stenting. 
The ILUMIEN III trial [20] showed that OCT guidance of stent 
deployment significantly increases minimal in-stent area in 
comparison with the angio-guided control arm. This surrogate 
end-point was achieved with optimal selection of stent lumen 
diameter by means of OCT assessment pre-intervention. Post 
intervention OCT evaluation was of utmost importance to correct 
stent under expansion and distal dissection consistent with 
previous studies.  

Conclusion
There are strong evidences that intravascular imaging modalities 
play a key role in improving PCI. OCT is particular helpful as can 
depict plaque components and stent features at high resolution. 
The CLI-OPCI studies and the ILLUMIEN trials underlined the 
role of OCT to guide interventional procedures, showing that 
the identification and the correction of some findings indicative 
of suboptimal stent positioning (in stent MLA < 4.5 mm2, edge 
dissections and residual reference segment stenosis), can 
improve clinical outcome reducing the incidence of MACE during 
the follow-up.

Figure 4 An example of stent with acute mal-apposition.
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