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ncomplete Stent Apposition and Delayed Tissue
overage Are More Frequent in Drug-Eluting
tents Implanted During Primary Percutaneous
oronary Intervention for ST-Segment Elevation
yocardial Infarction Than in Drug-Eluting Stents

mplanted for Stable/Unstable Angina
nsights From Optical Coherence Tomography

ieves Gonzalo, MD, Peter Barlis, MBBS, MPH, Patrick W. Serruys, MD, PHD,
ector M. Garcia-Garcia, MD, MSC, Yoshinobu Onuma, MD, Jurgen Ligthart, BSC,
velyn Regar, MD, PHD

otterdam, the Netherlands

bjectives The aim of this study was to compare the frequency of incomplete stent apposition
ISA) and struts not covered by tissue at long-term follow-up (as assessed by optical coherence to-
ography [OCT]) in drug-eluting stents (DES) implanted during primary percutaneous coronary in-

ervention (PCI) for ST-segment elevation myocardial infarction (STEMI) versus DES implanted for
nstable and stable angina.

ackground Incomplete stent apposition and the absence of strut endothelialization might be
inked to stent thrombosis. DES implanted for STEMI might have a higher risk of thrombosis.

ethods Consecutive patients in whom OCT was performed at least 6 months after DES implanta-
ion were included in the study. Stent struts were classified on the basis of the presence or absence
f ISA and tissue coverage.

esults Forty-seven lesions in 43 patients (1,356 frames, 10,140 struts) were analyzed (49% stable
ngina, 17% unstable angina, 34% STEMI). Median follow-up time was 9 (range 7 to 72) months.
rug-eluting stents implanted during primary PCI presented ISA more often than DES implanted in
table/unstable angina patients (75% vs. 25.8%, p � 0.001). The frequency of uncovered struts was
lso higher in the STEMI group (93.8% vs. 67.7%, p � 0.048). On multivariate analysis, DES implanta-
ion in STEMI was the only independent predictor of ISA (odds ratio: 9.8, 95% confidence interval:
.4 to 40.4, p � 0.002) and the presence of uncovered struts at follow-up (odds ratio: 9.5, 95% con-
dence interval: 1.0 to 90.3, p � 0.049).

onclusions DES implanted for STEMI had a higher frequency of incompletely apposed struts and un-
overed struts as assessed by OCT at follow-up. DES implantation during primary PCI in STEMI was an
ndependent predictor of ISA and the presence of uncovered struts at follow-up. (J Am Coll Cardiol Intv
009;2:445–52) © 2009 by the American College of Cardiology Foundation

rom the Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands.
anuscript received January 15, 2009, accepted January 23, 2009.
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rimary percutaneous coronary intervention (PCI) is the rec-
mmended treatment for ST-segment elevation myocardial
nfarction (STEMI) (1). Stent implantation during primary
CI presents some challenges, namely the presence of abun-
ant thrombotic material that can potentially contribute to
uboptimal stent deployment. The use of drug-eluting stents
DES) in this setting is under debate due to the concerns about
potentially higher risk of stent thrombosis in this population

2). Recent intravascular ultrasound (IVUS) studies suggest
hat the presence of incomplete stent apposition (ISA) is
otentially linked to late stent thrombosis (3). Gradual absorp-
ion of the thrombus that was present during primary PCI
as been postulated to contribute to late acquired stent mal-
pposition (4). Endothelial strut coverage has been identified
n pathological series as the most powerful histological predic-
or of stent thrombosis (5). DES inhibit neointimal prolifera-
ion to such an extent that it might not be visualized with
onventional intracoronary imaging techniques such as IVUS.
ptical coherence tomography (OCT) is a high-resolution

light-based imaging modality that
can provide a very detailed assess-
ment of stent apposition and tis-
sue strut coverage.

The objective of the present
study was to compare the fre-
quency of ISA and uncovered
struts (as assessed by OCT) at
long-term follow-up in DES im-
planted during primary PCI for
STEMI versus DES implanted
for stable or unstable (IB/IIB/IIIB
Braunwald classification) angina.

Methods

atient sample. All consecutive patients between January
007 and May 2008 in whom OCT was performed for
ollow-up of a DES implanted at least 6 months prior were
ncluded in the study. Exclusion criteria were repeated
evascularization in the target vessel, depressed left ventric-
lar function, coronary chronic total occlusions, and im-
aired renal function. All patients gave written informed
onsent.
CT acquisition. The OCT acquisition was performed with
commercially available system for intracoronary imaging

LightLab Imaging, Westford, Massachusetts). The Im-
geWire (LightLab Imaging) was positioned distal to the
egion of interest with a double lumen catheter (Twin Pass
atheter, Vascular Solutions Inc., Minneapolis, Minnesota)
hat had been placed in the artery over a conventional guide-
ire. The automated pullback was performed at 3 mm/s
hile the blood was removed by the continuous injection of

so-osmolar contrast (Iodixanol 320, Visipaque; GE Health

bbreviations
nd Acronyms

MS � bare metal stent(s)

ES � drug-eluting stent(s)

SA � incomplete stent
pposition

VUS � intravascular
ltrasound

CT � optical coherence
omography

CI � percutaneous
oronary intervention

TEMI � ST-segment
levation myocardial
nfarction
are, Carrigtohill, County Cork, Ireland) at 37°C through
he guiding catheter. The data were digitally stored for
ffline analysis.
CT analysis. Offline analysis was performed with the pro-
rietary LightLab software (LightLab Imaging). The ana-

ysts (Cardialysis BV, Rotterdam, the Netherlands) were
linded to clinical and procedural characteristics. The
tented region was defined as the region between the first
nd the last frame with circumferentially visible struts. For
his region 1 frame was selected every millimeter, and the
umen and stent area contours were drawn. Stent longitu-
inal symmetry ratio was defined as minimum stent area/
aximum stent area.

NCOMPLETE STENT APPOSITION DEFINITIONS AND MEA-

UREMENTS. Incomplete stent apposition was defined as
eparation of at least 1 stent strut from the vessel wall not
elated to a side branch (Fig. 1). A strut was considered
ncompletely apposed if the distance from the endoluminal
urface of the strut to the vessel wall was higher than the
um of the metal and polymer thickness. The cutoff points
sed for each stent type were: paclitaxel-eluting stent
Taxus, Boston Scientific Corp., Natick, Massachusetts)
30 �m, sirolimus-eluting stent (Cypher Select, Cordis,
ohnson & Johnson, Miami, Florida) 160 �m, everolimus-
luting stent (Xience V, Abbot Vascular, Santa Clara,
alifornia) 90 �m, and biolimus-eluting stent (Biomatrix

Figure 1. Incomplete Stent Apposition and Uncovered Struts

Optical coherence tomography cross section corresponding to a patient
treated with drug-eluting stent implantation during primary percutaneous cor-
onary intervention in the right coronary artery for an inferior ST-segment ele-
vation myocardial infarction 9 months before. The red arrows indicate
incomplete stent apposition, whereas the white arrows show some struts not
covered by tissue. From 12 to 5 an irregular material suggestive of organized

thrombus can be observed behind the struts. *Guidewire artefact.
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II, Biosensors, Morges, Switzerland) 120 �m. The number
f malapposed struts, the maximal incomplete stent appo-
ition length (maximum distance from the endoluminal
urface of the strut to the vessel wall), and the incomplete
tent apposition area were measured. Calcification could not
e accurately evaluated due to the shadow caused by stent
truts in OCT.
TRUT COVERAGE DEFINITIONS AND MEASUREMENTS.

he struts were classified as uncovered when a tissue layer
n the endoluminal surface was not visible. In the covered
truts, the tissue coverage thickness was measured per strut
s the distance from the central aspect of the endoluminal
urface of the strut to the lumen. The total tissue coverage
rea was calculated as: stent area � lumen area. The
ercentage of tissue coverage area was calculated as: tissue
overage area/stent area � 100. The tissue coverage volume
as calculated as: tissue coverage area � stent length. The
ercentage of tissue coverage volume area was calculated as:
issue coverage volume/stent volume � 100. The tissue
overage symmetry per frame was analyzed with the follow-
ng ratio: (maximum tissue coverage thickness per frame –

inimum tissue coverage thickness per frame)/maximum
issue coverage thickness per frame. This ratio can have
alues between 0 and 1. The closer the ratio is to 1 the
igher is the asymmetry of the tissue coverage (Fig. 2). To
valuate the distribution of the uncovered struts along the

Figure 2. Tissue Coverage Symmetry Patterns

(A and B) Asymmetric tissue coverage with uncovered struts: whereas some s
by a very thin layer, and there is even 1 uncovered strut (indicated by the wh
struts are covered by tissue that shows very different thickness along the vess

by tissue that shows similar thickness along the vessel circumference.
tent we calculated the percentage of frames with at least 1
ncovered strut in the lesions that showed uncovered struts.
tatistical analysis. Statistical analysis was performed with
PSS 12.0.1 for Windows (SPSS Inc., Chicago, Illinois).
ategorical variables are expressed as percentages and con-

inuous variables are expressed as mean � SD, median and
range), or median and (interquartile range). The ISA and
trut coverage comparisons were performed per lesion.
hi-square was used for the comparisons of categorical

ariables between groups. For the comparisons of continu-
us variables, the Student t test or nonparametric (Mann-

hitney) test was used according to their distribution.
ultiple logistic regression analysis was performed to assess

ndependent predictors of ISA and uncovered struts. Vari-
bles considered clinically relevant and with p � 0.15 in the
nivariate analysis were included in the models.

esults

linical and procedural characteristics. Fifty patients fol-
owed up with OCT after DES implantation were initially
nrolled in the study. Seven patients were excluded for
mage quality not appropriate for analysis. Finally, 43
atients (47 vessels, 47 lesions) were included (16 STEMI,
7 stable/unstable angina).

re covered by a thick layer of tissue, other struts (from 2 to 5) are covered
ow). (C and D) Asymmetric tissue coverage without uncovered struts: all the
umference. (E and F) Symmetric tissue coverage: all the struts are covered
truts a
ite arr
el circ
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The mean age was 64.5 � 11.7 years, and 63.8% were
en. Regarding cardiac risk factors, 47.8%, 21.3%, and

0.2% had hypertension, diabetes mellitus, and hyperlipid-
mia, respectively, and 19.1% were smokers. The studied
essel was the left anterior descending in 57%, the circum-
ex in 19%, and the right coronary artery in 24% of the

esions. The indication for stent implantation was stable
ngina in 47% (20 of 43), unstable angina in 16% (7 of 43)
nd STEMI in 37% (16 of 43). The stent implanted was
axus in 10.6%, Cypher Select in 55.3%, Xience V in 2.1%,

nd Biomatrix III in 32%. The median time to follow-up
ngiography and OCT examination was 9 (7 to 72) months.
he mean stent diameter, stent number, and stent imaged

ength were 2.9 � 0.3 mm, 1.8 � 0.8, and 28 � 15 mm,
espectively.
CT quantitative analysis. A total of 10,140 struts from
,356 frames were analyzed. The mean lumen area, mean
tent area, and mean neointimal area were 6.42 � 2.11
m2, 7.11 � 2.06 mm2, and 0.67 � 0.47 mm2, respectively.
he stent symmetry ratio was 0.63 � 0.16.

SA frequency by OCT. The frequency of incompletely ap-
osed struts was 68 of 10,140 (0.6%). Forty-five of the 68
ncompletely apposed struts (66.1%) were not covered by
issue. Forty of 1,356 frames (2.9%) had at least 1 incom-
letely apposed strut. In 20 of 47 lesions (42.6%), incom-
lete stent apposition of at least 1 strut was found. In the

esions with ISA, the mean percentage of frames with ISA
as 9.3 � 7.1%.
trut coverage by OCT. The frequency of uncovered struts in
he total sample was 6.1% (624 of 10,140). Twenty-one
ercent (285 of 1,356) of all the frames analyzed presented
t least 1 uncovered strut. In 36 of 47 lesions (76.6%), at
east 1 uncovered strut was visualized. The mean neointima

Figure 3. Struts Covered by Organized Thrombus

Optical coherence tomography cross-sections corresponding to a drug-eluting
ago due to an anterior ST-segment elevation myocardial infarction. (A and B)
(suggestive of organized thrombus) covering some struts. (C) Represents a cro
arrows).
ymmetry ratio was 0.73 � 0.13. Twenty-six struts of the
0,140 (0.2%) were covered by an irregular material sugges-
ive of organized thrombus (Fig. 3).
TEMI patients. Sixteen of the 47 lesions studied were
reated with DES implantation during primary PCI for
TEMI. Table 1 shows the baseline characteristics of the
TEMI patients in comparison with the rest of the sample.
he time to follow-up was 11.5 months (range 7 to 59

implanted in the left anterior descending coronary artery more than 4 years
lue arrows indicate the presence of an irregular, highly reflective material
tion more proximal where some uncovered struts can be observed (white

Table 1. Baseline Characteristics in STEMI and Stable/Unstable
Angina Patients

STEMI Stable/Unstable Angina p Value

Age (yrs) 64 � 12 64 � 11 0.85

Male (%) 50.0 71.0 0.13

Hypertension (%) 50.0 46.7 0.53

DM (%) 31.3 16.1 0.2

Dyslipidemia (%) 75.0 67.7 0.43

Smoker (%) 31.3 12.9 0.13

Family history (%) 62.5 67.7 0.48

Vessel (%) 0.46

LAD 68.8 51.6

LCX 18.7 19.4

RCA 12.5 29.0

Stent type (%) 0.48

Taxus 13.3 9.7

Cypher 53.3 54.8

Xience 6.7 0.0

Biomatrix 26.7 35.5

Number of stents 1.53 � 0.52 2.03 � 0.94 0.08

Stent-imaged length (mm) 24.9 � 10.5 29.9 � 17.6 0.3

Age, gender, and cardiovascular risk factors are compared per patient (ST-segment elevation

myocardial infarction [STEMI] � 16 stable/unstable angina � 27). The rest of the variables are

compared per lesion (STEMI � 16 stable/unstable angina � 31).

DM � diabetes mellitus; LAD � left anterior descending coronary artery; LCX � left circumflex
stent
The b
ss sec
artery; RCA � right coronary artery.
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onths) for the STEMI group and 9 months (range 9 to 72
onths) for the rest of the patients. There were no

ignificant differences in lumen area (6.5 � 2.0 vs. 6.4 � 2
or STEMI and stable/unstable angina, respectively, p �
.86), stent area (7.2 � 2.0 vs. 7.0 � 2.0 for STEMI and
table/unstable angina, respectively, p � 0.78), or stent
ymmetry ratio (0.58 � 0.17 vs. 0.65 � 0.15 for STEMI
nd stable/unstable angina, respectively, p � 0.13).
SA in STEMI patients. Figure 4 represents the frequency of
SA in lesions treated with DES implantation for STEMI
nd the rest of the lesions. Table 2 shows the differences in
he number of incompletely apposed struts (covered and not
overed), maximum ISA length, and ISA area in lesions
reated for STEMI and lesions treated for stable/unstable
ngina.

Figure 4. Difference in ISA Frequency Between STEMI and Stable/Unstabl

Incomplete stent apposition (ISA) frequency is shown per lesion (number of le
frame (number of frames with at least 1 incompletely apposed strut/total num
ber of struts). STEMI � ST-segment elevation myocardial infarction.

Table 2. Differences in ISA Between Lesions Treated With Drug-Eluting Ste

STE
(n �

Number of incompletely apposed struts 2 (0–1

Number of incompletely apposed uncovered struts 1 (0–1

Number of incompletely apposed covered struts 0.5 (0–3

ISA area (mm2) 0.28 (0.1

Maximum ISA length (�m) 235 (162

Number of struts is expressed as median and range. Incomplete stent apposition (ISA) area and ma
STEMI � ST-segment elevation myocardial infarction.
ncovered struts in STEMI patients. Figure 5 shows the
ifference in frequency of uncovered struts between lesions
reated for STEMI and lesions treated for stable/unstable
ngina. The number of uncovered struts; the mean tissue
overage thickness, area, and volume; and the tissue cover-
ge symmetry ratio in both groups are indicated in Table 3.
redictors of ISA. Multiple logistic regression analysis was
erformed to determine the independent predictors of ISA.
he following variables were included in the model: age,

ollow-up time, stent length, stent symmetry ratio, and stent
mplantation during primary PCI. The only independent
redictor of ISA was DES implantation during primary
CI for STEMI (odds ratio: 9.8, 95% confidence interval:
.4 to 40.4, p � 0.002).

ina Patients

with at least 1 incompletely apposed strut/total number of lesions), per
frames), and. per strut (number of incompletely apposed struts/total num-

plantation for STEMI and for Stable/Unstable Angina

Stable/Unstable Angina
(n � 31) p Value

0 (0–5) 0.001

0 (0–4) �0.001

0 (0–5) 0.02

) 0.35 (0.23–0.44) 0.5

250 (230–600) 0.4

ISA length are expressed as median (interquartile range).
e Ang

sions
ber of
nt Im

MI
16)

3)

3)

)

7–0.67

–297)

ximum
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redictors of uncovered struts. In the multivariate model
or uncovered struts predictors, the following variables
ere included: age, follow-up time, stent length, stent

rea, and stent implantation during primary PCI. Drug-
luting stent implantation during primary PCI for STEMI
as the only independent predictor of uncovered struts at

ollow-up (odds ratio: 9.5, 95% confidence interval: 1.0 to
0.3, p � 0.049).

iscussion

o our knowledge this is the first such study to use the
igh-resolution capabilities of intracoronary OCT to
xamine stent strut apposition and tissue coverage at
ollow-up in patients with STEMI treated with primary
CI. The main findings are: 1) DES implanted for
TEMI had a higher frequency of incompletely apposed

Figure 5. Difference in Uncovered Strut Frequency Between STEMI and Sta

Data are shown per lesion (lesions with at least 1 uncovered strut/total numbe
frames), and per strut (number of uncovered struts/total number of struts). STE

Table 3. Differences in Strut Coverage Between Lesions Treated With
Drug-Eluting Stent Implantation for STEMI and for Stable/Unstable
Angina

STEMI
(n � 16)

Stable/Unstable
Angina

(n � 31) p Value

Number of uncovered struts 26.8 � 20.8 6.2 � 7.5 0.001

Uncovered strut distribution (%) 40.7 � 25.2 16.4 � 19.8 0.001

Mean tissue coverage area (mm2) 0.72 � 0.63 0.65 � 0.37 0.68

% tissue coverage area 12.4 � 9.9 11.0 � 6.9 0.58

Tissue coverage volume (mm3) 17.7 � 21.6 21.9 � 22.04 0.54

% tissue coverage volume 10.0 � 9.4 10.3 � 6.7 0.91

Tissue coverage thickness (�m) 110 � 48 90 � 53 0.22

Tissue coverage symmetry ratio 0.79 � 0.23 0.70 � 0.13 0.02
pSTEMI � ST-segment elevation myocardial infarction.
nd uncovered struts as assessed by OCT at follow-up,
nd 2) DES implantation during primary PCI in STEMI
s an independent predictor of both ISA and the presence
f uncovered struts at follow-up.
Drug-eluting stents have consistently demonstrated a

eduction in restenosis rates when compared with bare-
etal stents (BMS) in different clinical settings, including

rimary PCI for the treatment of STEMI (6). However,
oncerns have been raised about a potentially higher risk of
tent thrombosis after DES implantation during primary
CI (7). Furthermore, ISA and lack of complete stent
ndothelialization have been identified as factors related to
tent thrombosis (4,5).
SA. Overall the frequency of incompletely apposed struts
as very low (0.6%). In our study patients with STEMI

reated with DES implantation during primary PCI had a
igher frequency of ISA. Our results are in concordance
ith IVUS studies that have identified a higher incidence of

ate ISA in STEMI patients, especially when treated with
ES. Hong et al. (8) reported an incidence of late ISA after

rimary PCI in STEMI of 11.5% after BMS implantation
nd 31.8% after DES implantation. In our sample, 75% of
he lesions treated with DES during primary PCI showed
vidence of ISA. The higher frequency of ISA observed in
he present study can be explained by the higher resolution
f OCT in comparison with IVUS (9). The results of the
resent study are also in line with a recent OCT study that
dentified a higher incidence of ISA in sirolimus-eluting
tents implanted in unstable versus stable angina patients
33% vs. 4%) (10).

The dissolution of thrombus jailed after stent implanta-
ion during primary PCI has been postulated as 1 of the

nstable Angina Patients

sions), per frame (frames with at least 1 uncovered strut/total number of
ST-segment elevation myocardial infarction.
ble/U

r of le
ossible causes of the higher incidence of late ISA in
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TEMI patients (4). Plaque rupture (characterized by a
ecrotic core with an overlying thin-ruptured cap infiltrated
y macrophages and with paucity of smooth muscle cells) is
he most frequent underlying substrate in STEMI. Stent
mplantation over a ruptured plaque with strut penetration
nto necrotic core has also been related to ISA in acute
oronary syndromes (11). The clinical implications of ISA
re controversial. Several studies have reported that the
resence of ISA after DES implantation is not associated
ith adverse events at long-term follow-up (8,12,13). How-

ver, recently published IVUS observations suggest a pos-
ible relation between incomplete DES apposition and
ubsequent stent thrombosis (3,4). The clinical significance
f ISA as detected by OCT is poorly understood. In fact,
ncomplete apposition of stent struts is a relatively common
nding by OCT, although the vast majority of the patients
o not experience clinical events in the long term (14). In
ddition, not all patients that experience DES thrombosis
how strut malapposition (15,16). In the present study none
f the patients with ISA as assessed by OCT presented with
dverse clinical events.
trut coverage. DES inhibits neointimal proliferation to
uch an extent that it might not be detectable by IVUS (17).
he high resolution of OCT allows the visualization and
easurement of tiny layers of tissue covering the stent struts

18). In the present study, the global frequency of uncovered
ndividual struts was 6.1%, and a high proportion of lesions
36 of 47) presented uncovered struts. This is in agreement
ith different OCT studies recently published reporting

trut coverage in DES at follow-up (14,19). A long-term
ollow-up with OCT in a group of patients treated with
irolimus-eluting stents revealed that 81% of the patients
resented uncovered struts at 2 years’ follow-up (20). In the
resent study 8 of the 9 lesions with more than 2 years’
ollow-up demonstrated uncovered struts by OCT, and
nterestingly, in 6 of those 8 lesions the DES were im-
lanted during primary PCI. The frequency of struts with
o visible coverage was significantly higher in STEMI
atients treated during primary PCI (15 of 16 lesions).
ikewise, the distribution of uncovered struts within the

tent was more spread in STEMI patients (reflected in a
igher proportion of frames with uncovered struts). The
ean neointimal thickness did not differ between STEMI

nd stable/unstable angina patients, but the neointima
howed a more asymmetric distribution in STEMI patients.
ur findings are in agreement with pathological studies

howing delayed endothelization at the culprit site in acute
yocardial infarction patients treated with DES compared
ith the culprit site in patients receiving DES for stable

ngina (21). A recent study, reporting a lower incidence of
ull tissue coverage in unstable angina than in stable angina,
s also in line with our observations (10). Pathological data
uggest a relation between arterial healing and underlying

laque morphology. In an autopsy study, Nakazawa et al. i
21) found a higher percentage of uncovered struts in
atients with stents implanted in plaques with high-risk
eatures (such as plaque rupture and thin cap fibroatheroma)
s compared with those with stable plaque morphology.
espite a lack of OCT assessment during the primary PCI

rocedure in our study, it is accepted that plaque rupture is
he most frequent underlying event leading to STEMI (22).
he stent contact with an avascular tissue such as necrotic

ore and the different drug distribution due to the presence
f thrombus are some of the factors that could explain the
elayed coverage of struts in unstable patients (21,23). The
ore asymmetric distribution in the cross section of the

issue covering the struts found in STEMI patients might
lso be related with the eccentricity and composition of the
laque underlying the stent implantation (24). Endothelial
truts coverage has been identified in pathological series as
he most powerful histological predictor of stent thrombosis
5). Pathological data in humans suggest that neointimal
overage of stent struts might be a surrogate marker of
ndothelialization (25). However, Kubo et al. (10) reported
hat the presence of a higher incidence of uncovered struts
y OCT in unstable patients was not associated with
dverse outcomes at 9 months. In the present study no
dverse events occurred at follow-up even when the fre-
uency of uncovered struts was high. The clinical signifi-
ance of the presence of uncovered struts as assessed by
CT remains unknown and would require specific long-

erm follow-up studies. Despite the high resolution of the
echnique, coverage of the strut with an individual cell layer
annot be excluded. Currently, OCT cannot adequately
istinguish the tissue type covering the struts (e.g., a
eointimal layer from fibrin). Furthermore, different types
f neointimal tissue with different optical properties can be
bserved and might have different functionality (26). The
evelopment of quantitative tissue characterization by OCT
ight be helpful to better understand the clinical implica-

ions of strut tissue coverage.
tudy limitations. The present study is observational and
onrandomized. No formal sample size calculation was
erformed. Another limitation is the lack of serial OCT
ssessments with OCT only performed at long-term follow-
p. Therefore, it was not possible to distinguish between
ersistent and late-acquired ISA. The presence of positive
emodeling as a cause of late ISA (as demonstrated previ-
usly in IVUS) cannot be excluded. Likewise, no informa-
ion was available about the underlying plaque in which the
tent was implanted. Only DES were included in the study.
herefore we cannot exclude that BMS would not have
ehaved similarly when implanted in the setting of STEMI.

onclusions

ES implanted for STEMI had a higher frequency of

ncompletely apposed struts and uncovered struts as assessed
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y OCT at follow-up. Drug-eluting stent implantation
uring primary PCI in STEMI was an independent pre-
ictor of ISA and the presence of uncovered struts at
ollow-up. Whether these findings have a causal link to the
eightened rate of stent thrombosis in STEMI patients
emains to be confirmed by larger studies.
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