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One-year OCt findings in patients 
with late and very-late stent 
thrombosis treated with iVus-guided 
percutaneous coronary intervention

This article summarizes the results 
of a recent study describing the 
utility of intracoronary imaging tech-
niques to guide percutaneous coro-
nary intervention in patients with 
stent thrombosis [1]. The results 
indicate that different treatment 
strategies should be considered 
according to the mechanical cause 
contributing most to the stent 
thrombosis.  

TREaTmEnT OF COROnaRy aRTERy DiSEaSE
Coronary artery disease (CAD) causes around 10-20% 
of all deaths in Europe. Although the incidence of CAD 
is still growing, the mortality rate of CAD has been 
decreasing over the last few decades. Advances in novel 
medical treatments and the advent of percutaneous 
coronary revascularization have probably played a role 
in this lowering of the mortality of CAD. Percutane-
ous coronary intervention (PCI) with stent implanta-
tion is the most frequent revascularization strategy in 
CAD patients, with 1 million devices being implanted 
per year in Europe. Novel drug-eluting coronary stents 
are planned to be mostly healed by neointima at 1-6 
months of the stent implantation.  

STEnT ThROmBOSiS
Stent thrombosis (ST) is a rare but life-threaten-
ing complication after stent implantation. ST usu-
ally presents as ST-segment elevation myocardial 

infarction (STEMI) associated with high in-hospital 
mortality (6%) and with a high risk of death and 
recurrent ST at long-term follow-up [2]. Depend-
ing on the time interval since the stent implanta-
tion, ST is classified into three groups: early ST (≤ 
1 month), late ST (1–12 months) and very-late ST 
(> 1 year) [3]. Causes of ST are often multifactorial 
with simultaneous contributing factors, which are 
often classified as: 

•  patient-related factors (such as shock, diabetes mel-
litus and others); 

•  lesion-related factors (such as stents implanted in 
STEMI lesions, bifurcations, restenosis and others)

•  medical treatment-related factors (such as insuf-
ficient antiplatelet and antithrombotic treatment, 
lack of medical treatment compliance and others);

•  stent-related factors (such as lack of stent healing, 
stent malapposition, neoatherosclerosis and stent 
underexpansion). Late and very-late ST are mainly 
attributed to this latter cause, namely stent-related 
factors [4-9].

inTRavaSCulaR imaging TEChniquES TO guiDE 
ST PROCEDuRES
Intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT) are intracoronary imag-
ing techniques capable of obtaining high resolution 
images of the coronary lumen and vessel wall, with 
a greater diagnostic accuracy than coronary angiog-
raphy. Current European revascularization guide-
lines recommend the use of intracoronary imaging 
techniques in patients with ST to explain and cor-
rect the underlying mechanical stent-related factors 
of the ST [9]. Intravascular imaging guidance has 
demonstrated its ability to reduce or correct stent 
malapposition and stent underexpansion with bal-
loon angioplasty avoiding the implantation of addi-
tional stents [6]. Moreover, the assessment of in-stent 
neoatherosclerosis by intravascular techniques has 
been used to guide additional intra-stent implanta-
tion. These treatment strategies during PCI have 
been hypothesized to reduce the risk of death and 
re-thrombosis. However, the efficacy of those PCI 
strategies has never been investigated using intravas-
cular imaging techniques.  
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STuDy mEThODS
The aim of the present study was to 
describe the observation of stent-
related predictors of stent re-throm-
bosis, as assessed by OCT, in patients 
suffering from late and very-late ST 
treated with intravascular imaging 
guided-PCI at 1 year of the ST. In 
addition, this study also aimed to 
compare the 1-year OCT findings 
between patients with different stent-
related causes of late/very-late ST 
observed during the ST procedure. 
This study was observational, pro-
spective and was conducted in one 
institution. All consecutive patients 
presenting with late and very-late ST 
subsequently treated with intravas-
cular-guided percutaneous coronary 
intervention from 2012 to 2015 were 
screened to undergo coronary angi-
ography and OCT imaging at 1 year 
[1, 6]. The PCI strategy used during 
the ST was left to the operator´s dis-
cretion and criteria. IVUS and OCT 
images were analyzed off-line by a 
dedicated core-laboratory (BARCI-
CORE-LAB, Barcelona, Spain). Lack 
of stent healing was defined by the 
observation of uncovered struts. 
Malapposition was defined as a clear 
separation of the metallic struts from 
the vessel wall in the absence of a side 
branch. In-stent neoatherosclerosis 
was defined as an intra-stent plaque 
core [10]. Stent underexpansion was 
defined as when the minimal stent 
area was ≤ 90% of the distal reference 
lumen area [11]. Study methods are 
extensively described in the original 
manuscript [1].

POPulaTiOn
During the study period, a total of 
89 patients with late and very-late 
ST undergoing PCI were registered 
out of 4858 PCI procedures (1.8%). 
There were 27 early-ST (30%) and 62 
late/very-late ST (70%). A total of 57 
patients with late/very-late ST under-
went intravascular-imaging-guided 
PCI and 34 of these patients under-
went invasive angiographic follow-up 
at 12 months. At 1-year, two patients 
presented with complete target vessel 
re-occlusion and did not undergo OCT 
imaging. 

inTRavaSCulaR imaging FinDingS 
aT ThE ST PROCEDuRE
A total of 34 patients with late/very-
late ST were imaged with intravas-
cular imaging techniques during the 
ST procedure (28 with IVUS and 6 
with OCT). According to the main 
contributing stent-related cause 
observed in the intravascular imaging 
during the ST procedure, two catego-
ries were defined: patients with stent 
malapposition (n = 17) and patients 
with “other findings” (n = 17). The 

stent-related factors in the “other 
findings” group were: neoatheroscle-
rosis (n = 9), stent underexpansion (= 
3) and unknown causes (n = 5). All 
lumen and stent size measurements 
increased after balloon dilatation 
(n=23) or additional stent implan-
tation (n=11). Although malapposi-
tion was remarkably reduced in the 
malapposition group (from 6.4 to 1.3 
mm3 of malapposition volume; p = 
0.02), it persisted in the majority of 
cases (76.5%) at the end of the PCI.

Figure 1. Serial intravascular imaging findings according to the main contributing cause of late and very-late 
stent thrombosis. 
Abbreviations: 
ASI= additional balloon implantation; BA= balloon angioplasty; IVuS= intravascular ultrasound; MLA= minimal 
lumen area; OCT= optical coherence tomography; PCI= percutaneous coronary intervention; ST= stent thrombosis.
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inTRavaSCulaR imaging FinDingS 
aT ThE SChEDulED 1-yEaR COnTROl
A total of 34 patients underwent 
coronary angiography at 12 months. 
Two patients of the malapposition 
group presented with target vessel re-
occlusion due to probable unevent-
ful recurrent ST and did not undergo 
OCT imaging. Figure 1 shows the 
evolution of the patients accord-
ing to the cause of the late/very-late 
ST. Patients with malapposition as 
the main contributing cause of the 
ST presented with a larger percent-
age of uncovered struts (interquar-
tile range –IQR- of 3.0–10.7%) than 
patients without malapposition (IQR 
of 0.5–2.3%) at 1 year; p < 0.001. The 
percentage of malapposed struts was 
also larger in the malapposition group 
(IQR of 0–4.3%) than in the “other 
findings” group (IQR of 0–0%). At 
1-year, there were 16 patients with 
in-stent neoatherosclerosis (50.0%) 
without differences between the study 
groups. None of the neoatheroscle-
rotic plaques were classified as high-
risk plaques.

PRinCiPal FinDingS
Intravascular imaging techniques are 
capable of discerning most of the stent-
related contributing causes of late and 
very-late ST. Stent malapposition is the 
most common stent-related cause of 
late and very-late ST, and is observed 
in 50% of those patients. Patients with 
late and very-late ST attributed to stent 
malapposition present with high-risk 
features for recurrent ST, such as a large 
amount of uncovered struts and persis-
tent malapposed struts at 1 year, despite 
the use of intravascular imaging guid-
ance at the ST. 
In contrast, patients with neoathero-
sclerosis, underexpansion or no evident 
cause of late/very-late ST present with 
low-risk healing pattern for recurrent 
ST as assessed by OCT at 12 months. 

TRanSlaTiOnal PERSPECTivES
The present study is the first inves-
tigation of the healing process after 
intravascular imaging-guided PCI for 
late and very-late ST. According to the 
present study, late and very-late ST 
may have remarkable different causes 
as assessed by intravascular imag-
ing techniques. Moreover, operators 

were guided to different PCI strate-
gies according to the most contrib-
uting stent-related factor observed 
by intravascular imaging techniques. 
Although  there was a clear intention 
on the part of operators to correct 
stent malapposition, it could not be 
achieved in a large number of patients. 
It is probable that the operators’ cau-
tion and desire to avoid coronary 
perforation and thrombus emboliza-
tion by aggressive balloon dilatation 
might have restrained them from fully 
correcting the malapposition in the 
majority of cases. It is also notewor-
thy that patients with stent malapposi-
tion as the most contributing cause of 
ST did not re-heal the stent at 1 year, 
showing large number of causes with 
uncovered struts and persistent stent 
malapposition. 
It is uncertain if aggressive and pro-
longed dual antiplatelet therapy, 
together with scheduled elective angio-
graphic and intravascular imaging may 
prevent recurrent ST in this group of 
patients. 
In our series of cases, 2 out of 17 
patients with stent malapposition pre-
sented with asymptomatic re-occlusion 
at 1 year and 3 patients underwent new 
PCI with balloon angioplasty with the 
aim of re-apposing the stent to the ves-
sel wall. Finally, patients with other 
stent-related factors (i.e. different from 
stent malappositon) presented with  a 
“low-risk” OCT pattern of recurrent 
ST and may benefit from short dual 
antiplatelet theraphy and no further 
invasive checks. 

COnCluSiOn
The main contributing causes of 
late and very-late ST are diverse 
and have different healing patterns, 
as assessed by OCT at 12 months. 
Although further investigations are 
required, patients with malapposition 
as the main contributing cause of late 
and very-late ST warrant watchful 
follow-up 
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