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Adnan Kastrati (Germany), Akos Koller (Hungary), Steen D. Kristensen (Denmark),
Josef Niebauer (Austria), Dimitrios J. Richter (Greece), Petar M. Seferovi!c (Serbia),
Dirk Sibbing (Germany), Giulio G. Stefanini (Italy), Stephan Windecker
(Switzerland), Rashmi Yadav1 (UK), Michael O. Zembala1 (Poland)

Document Reviewers: William Wijns (ESC Review Co-ordinator) (Ireland), David Glineur1 (EACTS Review
Co-ordinator) (Canada), Victor Aboyans (France), Stephan Achenbach (Germany), Stefan Agewall
(Norway), Felicita Andreotti (Italy), Emanuele Barbato (Italy), Andreas Baumbach (UK), James Brophy
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..Recent developments in catheter and wire technology, and
increasing operator expertise with both antegrade and retrograde
approaches as well as wire escalation and dissection/re-entry techni-
ques, have translated into increasing success rates of CTO-PCI with
low rates of MACE.631–633 Success rates are strongly dependent on
operator skills, depending on experience with specific procedural
techniques, and the availability of dedicated equipment, and vary
from 60–70% to >90%.631–633

16.3.3 Ostial lesions

In ostial coronary lesions, additional judgement and caution is essen-
tial before proceeding to PCI. In particular, a catheter-induced coro-
nary spasm must be rigorously excluded. Lesion assessment with
IVUS may be helpful, particularly in LM ostial stenosis. FFR measure-
ment may also be valuable in the assessment of ostial lesions of bor-
derline significance,634 taking special care to avoid a wedge position
of the guiding catheter and using i.v., rather than intracoronary,
adenosine. When performing an intervention, due to interaction
between the guide catheter and the proximal stent edge, the risk of
longitudinal stent deformation must be considered635 and avoided
with careful catheter manipulation. The accurate positioning of the
stent, precisely in the coronary ostium, may be technically challenging
and some specialized techniques that may help to achieve optimal
stent placement have been described.636,637

16.4 Vascular access
A number of RCTs have compared radial access with femoral access
for diagnostic angiography and PCI. The two largest were RIVAL
(Radial versus femoral access for coronary angiography and interven-
tion in patients with acute coronary syndromes) and MATRIX
(Minimizing Adverse Haemorrhagic Events by Transradial access Site
and Systemic Implementation of AngioX).172,638 In the RIVAL trial,
which enrolled 7021 patients, the primary outcome of death, MI,

stroke, or non-CABG-related major bleeding at 30 days occurred at a
similar rate in radial vs. femoral access (HR 0.92, 95% CI 0.72–1.17, P =
0.50).638 In the MATRIX trial, 8404 ACS patients were randomly allo-
cated to radial or femoral access.172 In terms of the first co-primary
endpoint of 30 day MACE, there was no significant difference between
radial access and femoral access (RR 0.85, 95% CI 0.74–0.99, two-
sided P = 0.031; non-significant at a pre-specified a of 0.025). The sec-
ond co-primary outcome of 30 day net adverse clinical events [MACE
or non-CABG BARC (Bleeding Academic Research Consortium
(major bleeding] was significantly lower with radial access (RR 0.83,
95% CI 0.73–0.96; P = 0.009). Major BARC 3 or 5 bleeding was signifi-
cantly reduced in the radial group (1.6 vs. 2.3%; RR 0.67, 95% CI
0.49–0.92; P = 0.013), and radial access was associated with a lower
risk of all-cause mortality (1.6 vs. 2.2%; RR 0.72, 95% CI 0.53–0.99,
P = 0.045). However, the benefit of radial over femoral access depends
upon the operator’s expertise in the radial technique.639

Treatment of restenotic and saphenous vein graft lesions are dis-
cussed in section 13.3.

Recommendations on choice of stent and access site

Recommendations Classa Levelb

DES are recommended over BMS for any

PCI irrespective of:

• clinical presentation

• lesion type

• planned non-cardiac surgery

• anticipated duration of DAPT

• concomitant anticoagulant

therapy.100,578,579,640

I A

Radial access is recommended as the stand-

ard approach, unless there are overriding

procedural considerations.172,638,641

I A

BRS are currently not recommended for

clinical use outside of clinical studies.642–650 III C

BMS = bare-metal stents; BRS = bioresorbable scaffolds; DAPT = dual antiplatelet
therapy; DES = drug-eluting stents; PCI = percutaneous coronary intervention.
aClass of recommendation.
bLevel of evidence.

Recommendations on intravascular imaging for proce-
dural optimization

Recommendations Classa Levelb

IVUS or OCT should be considered in

selected patients to optimize stent

implantation.603,612,651–653

IIa B

IVUS should be considered to optimize

treatment of unprotected left main

lesions.35

IIa B

IVUS = intravascular ultrasound; OCT = optical coherence tomography.
aClass of recommendation.
bLevel of evidence.

Recommendations on specific lesion subsets

Recommendations Classa Levelb

Stent implantation in the main vessel only,

followed by provisional balloon angioplasty

with or without stenting of the side branch,

is recommended for PCI of bifurcation

lesions.654–658

I A

Percutaneous revascularization of CTOs

should be considered in patients with angina

resistant to medical therapy or with a large

area of documented ischaemia in the terri-

tory of the occluded vessel.629,659–663

IIa B

In true bifurcation lesions of the left main,

the double-kissing crush technique may be

preferred over provisional T-stenting.620

IIb B

CTO = chronic total occlusion; PCI = percutaneous coronary intervention.
aClass of recommendation.
bLevel of evidence.
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Technical issues 
in LMA OCT analysis

CAN BE ANALYSEDCAN’T BE ANALYSED



Burzotta F et al. , Eurointervention 2015

Retrospective analysis of 54 LMA OCT runs
% non-analysable images

TROFI triaI
N=46 LMA OCT runs

% analysable quadrants

Muramatsu et al. , Circ J 2013

LMA was not entirely analyzed in 
only 9% of the cases

IS LM OCT ANALYSIS FEASIBLE ? 
ARTEFACTS VESSEL SIZE



TIPS & TRICKS FOR LM OCT ANALYSIS



TIPS & TRICKS FOR 
SUCCESSFUL LM  OCT ANALYSIS 

• Avoid « aggressive » guiding catheter (EBU / AL) 

• Increase Field of view

• Improve flush quality



Large vessel ?
Increase field of view !

FOV: 6 mm FOV: 8 mm



Decrease Artefacts?
Improve flush quality!

• Coaxial Injection 
• Try to get a proper contrast injection with no blood

during 5 s ! 
• Contrast medium volume: 20-25 ml
• Injection debit: 4 – 5 ml/ s 

Burzotta et al., Eurointervention 2015



LMA LMA LMAProx LAD

Prox LAD LMA LMA LMA
INJECTION 15 cc

INJECTION 25 cc



LM dimensions quantifications:
OCT vs. IVUS

LM analysis by OCT is feasible 
Assessment of LM dimensions by IVUS and OCT are well correlated
Lumen Areas measured by OCT (10.8±2.5) are smaller than in IVUS (11.2±2.6 mm2) 

Fujino Y et al. CCI 2013:82 (3): E173-83



has been shown to be superior to IVUS to detect mal-
apposition [25], a phenomenon previously associated
with ST [26], in nonleft main coronary segments. In
our study, FD-OCT visualized significantly more stent
strut malapposition than IVUS (Table IV). In addition,
distal edge dissections, which have also been linked to
adverse outcomes [27], were more often visualized by
FD-OCT. Another potential application of FD-OCT
imaging in this setting would be monitoring the
results of PCI in lesions involving ULM bifurcation
(i.e., assessing results of kissing balloon technique,
Fig. 5) with three-dimensional FD-OCT reconstruction
[28,29]. Whether FD-OCT-guided PCI can optimize
acute results and clinical outcomes in ULM bifurca-
tion remains to be determined. IVUS missed two
cases of intrastent thrombus and detected less tissue

Fig. 4. Proximal and distal stent edge dissections identified
by FD-OCT and unrevealed by IVUS. Panel 1: (A) An IVUS lon-
gitudinal view of a stented segment. The cross-sectional
image corresponding to the white dashed line is represented
in (I); no pathological findings are demonstrated. The corre-
sponding FD-OCT longitudinal view showing a dissection in
the proximal edge of the stent is revealed in (B, white arrow).
In (II), the coregistered cross-sectional image demonstrates
an edge dissection in a calcified plaque (white arrow). Panel
2: (A) An IVUS longitudinal view of a stented segment at base-

line post-PCI. The cross-sectional image corresponding to
the white dashed line is represented in (I); no pathological
findings are demonstrated. FD-OCT longitudinal view of the
same region shows a dissection in the distal edge of the stent
(B, white arrow). The white dashed line highlights the coregis-
tered spot and the correspondent cross-sectional image (II)
demonstrates the edge dissection (white arrow). (C) The same
region at 1-year follow-up does not show the dissection any-
more. The healing of the dissection is confirmed by the
cross-sectional image represented in (III).

TABLE V. Post-PCI and Follow-up FD-OCT Imaging Analysisa

N¼ 21
FD-OCT

(post-PCI)
FD-OCT

(follow-up) P-value

Lumen area (mm2 )
Mean 10.83 6 2.31 9.83 6 2.18 0.002
Min 7.31 6 2.16 5.89 6 2.03 0.001

Stent area (mm2 )
Mean 10.22 6 2.11 10.43 6 1.92 0.299

Min 6.90 6 2.15 6.57 6 2.04 0.317
Tissue protruding area (mm2 ) 0.23 6 0.12 – NA
NIH area (mm2) – 0.85 6 0.55 NA

Malapposition area (mm2) 0.27 6 0.25 0.13 6 0.14 0.002
Malapposition volume (mm3) 5.72 6 6.31 3.07 6 3.85 0.027

Intraluminal thrombus, n (%) 0 (0.00) 0 (0.00) NA
Proximal edge dissection, n (%) 0 (0.00) 0 (0.00) NA
Distal edge dissection, n (%) 5 (23.8) 0 (0.00) 0.031

aValues are n (%) or mean 6 SD.
Abbreviations: NA: not applicable and NIH: neointimal hyperplasia.

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).
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LM PCI quality assessment :
OCT vs. IVUS
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ULM. To create a virtually blood-free environment to
acquire a clear image by FD-OCT [6], blood must be
adequately displaced by iodine contrast injection
through a well-engaged guiding catheter, which inevi-
tably obscures visualization of the ULM ostium. IVUS
offered 1-mm longer visualization of the proximal
ULM, and hence, the present data confirm the limita-
tion of current FD-OCT technology to assess disease
severity or optimization of stent deployment in ULM
ostium.

Several studies have reported the safety and feasibil-
ity of non-ULM FD-OCT imaging in the clinical set-
ting [7–9,19,20]. In line with those reports, no
concerns regarding ULM FD-OCT assessments were
revealed either at baseline post-PCI or at 1-year fol-
low-up in our study. Further confirmation of our results
in larger trials is warranted. Differences in imaging
technique, number of pullbacks, or lesion length may
explain the slight increase in contrast volume (Table
III) used in our study compared to some of these
reports [9,19]. Nevertheless, the incidence of CIN was
lower than those reported previously for PCI without
OCT imaging [21]. The two patients with CIN in our
study have recovered their baseline renal function.
Nevertheless, it remains imperative to take into consid-
eration the total procedural amount of contrast, as well

as other important clinical features such as baseline re-
nal impairment, diabetes mellitus, and hypotension
when performing FD-OCT imaging [21].

There were no significant differences in quantitative
measurements between IVUS and FD-OCT, except for
MLA preprocedure. Whether these differences are
owing to overestimation of MLA by IVUS or underes-
timation by FD-OCT remains to be further investi-
gated. We reported excellent agreements between FD-
OCT and IVUS measurements, and high reproducibility
of FD-OCT quantification in a phantom model [22]. A
possible explanation for the smaller MLA might be the
greater resolution of FD-OCT when compared to
IVUS, which enables a sharper delineation of luminal
borders and less tracing interpolation. FD-OCT’s faster
pullback as compared to IVUS (20 vs. 1 mm/sec)
might have precluded the selection of frames at maxi-
mum diastole although one should also observe the dif-
ferences in reference measurements which did not
occur in this study [23]. Importantly, FD-OCT was
able to image the entire lumen and stent circumfer-
ences in most of cases, which represents a substantial
improvement when compared to the previous genera-
tion TD-OCT assessments of ULM [24].

IVUS has been available for decades, but its value
in ULM PCI was only recently recognized [5]. OCT

Fig. 3. Stent strut malapposition detected by FD-OCT and
unrevealed by IVUS. A IVUS longitudinal view of a stented
segment post-PCI. The region highlighted by the white
dashed line is represented in (I); a malapposed stent strut
(white arrow) is shown. (B) The FD-OCT longitudinal view of
the same region demonstrates stent strut malapposition in
the proximal segment (white arrows). It is shown in the cross-

section coregistered with IVUS image that FD-OCT is capable
of identifying additional malapposed struts (II, white arrows).
(C) FD-OCT longitudinal view of the same segment at 1-year
follow-up highlights malapposed struts (white arrows). The
cross-section image corresponding to the white dashed line
is represented in (III); persistent (white arrows) and late
acquired malapposition (red arrow) are shown.

FD-OCT Assessment of ULM Disease E179
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dissections. One proximal stent edge dissection identi-
fied by FD-OCT was unnoticed by IVUS (Fig. 4).
There was one case with incomplete visualization of

the entire vessel (out of screen) pre-PCI, whereas no
out-of-screen images were revealed post-PCI (Table
IV).

One-year follow-up FD-OCT imaging. There
were no adverse clinical outcomes associated with
repeated FD-OCT imaging of ULM at 1-year follow-up.
No cases of CIN were demonstrated. There were no
thrombus detected in association with malapposed or
uncovered stent struts. Although there was reduction in
malapposed stent area when compared to baseline post-
procedure images, malapposition was still observed at
1-year follow-up. Postprocedure stent edge dissections
were no longer observed at 1-year follow-up (Table V).

Clinical outcomes. Two patients developed acute
CIN after PCI but recovered to baseline creatinine
before hospital discharge. There were no MI, ST, or
deaths during the first year post-ULM PCI; however,
two patients underwent TLR.

DISCUSSION

This study provides initial evidence of the safety and
feasibility of using FD-OCT to assess, guide, and mon-
itor outcomes of PCI in ULM coronary disease. FD-
OCT showed a similar high safety profile compared
with IVUS both pre- and post-PCI (Table III).
Although FD-OCT was superior in detecting stent mal-
apposition, tissue protrusion, thrombus, and edge dis-
sections, the present data highlight some inherent
technical limitations of the technology.

FD-OCT was associated with the use of additional
iodine contrast and required more imaging pullbacks
than IVUS. The main reasons for pullback repetitions
in FD-OCT were lesion length exceeding the default
scan length of current FD-OCT system (54 mm/pull-
back v. 100 mm/pullback in IVUS), and insufficient
blood clearance, mainly in the proximal segment of

TABLE IV. IVUS and FD-OCT Imaging Analysisa

IVUS FD-OCT P-value

Pre-PCI
Lesion completeness
Proximal completeness, n (%) 31 (93.9) 4 (12.5) <0.001

Distal completeness, n (%) 33 (100) 29 (90.6) 0.081
Total length (mm) 21.89 6 10.44 20.72 6 10.05 0.010

ULM body length (mm) 7.53 6 3.57 6.45 6 3.35 0.002
Lumen area (mm2 )
Mean 7.58 6 2.61 7.60 6 2.63 0.936

Min 3.46 6 1.66 2.94 6 1.77 0.002
Intraluminal

thrombus, n (%) PRE

0 (0.00) 3 (9.4) 0.081

Vessel out of screen, n (%) NA 1 (0.1) NA
Post-PCT
Stent completeness
Proximal completeness, n (%) 30/33 (90.9) 6/33 (18.2) <0.001
Proximal completeness

(without ULM
ostial stent coverage), n (%)

6/6 (100) 6/6 (100) NA

Distal completeness, n (%) 33/33 (100) 33/33 (100) NA
Total stent length (mm) 23.55 6 12.16 22.44 6 12.08 0.014
ULM body stent length (mm) 8.26 6 3.52 7.13 6 3.60 0.014

Lumen area (mm2 )
Mean 10.85 6 2.47 11.24 6 2.66 0.132

Min 7.21 6 2.23 7.18 6 2.15 0.875
Stent area (mm2 )
Mean 10.44 6 2.33 10.49 6 2.32 0.821

Min 6.88 6 2.03 6.79 6 2.09 0.534
Reference
Lumen area (mm2 ) 7.81 6 2.71 7.94 6 2.37 0.641
Tissue protruding area (mm2) 0.11 6 0.07 0.23 6 0.09 <0.001
Malapposition area (mm2) 0.12 6 0.36 0.43 6 0.51 <0.001

Malapposition volume (mm3) 1.95 6 5.69 7.73 6 7.60 <0.001
Intraluminal thrombus, n (%) 0 (0.00) 2 (5.9) 0.154

Proximal edge dissection, n (%) 0 (0.00) 1 (3.0) 0.317
Distal edge dissection, n (%) 2 (6.1) 10 (30.3) 0.011

aValues are n (%) or mean 6 SD.
Abbreviations; NA: not applicable and ULM: unprotected left main.

Fig. 2. Bland–Altman plots for comparison of MeanLA measurements evaluated by FD-OCT
and IVUS at pre- (A) and post-PCI (B). IVUS: intravascular ultrasound and FD-OCT: frequency-
domain optical coherence tomography.
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No cases of CIN were demonstrated. There were no
thrombus detected in association with malapposed or
uncovered stent struts. Although there was reduction in
malapposed stent area when compared to baseline post-
procedure images, malapposition was still observed at
1-year follow-up. Postprocedure stent edge dissections
were no longer observed at 1-year follow-up (Table V).

Clinical outcomes. Two patients developed acute
CIN after PCI but recovered to baseline creatinine
before hospital discharge. There were no MI, ST, or
deaths during the first year post-ULM PCI; however,
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DISCUSSION
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(without ULM
ostial stent coverage), n (%)

6/6 (100) 6/6 (100) NA

Distal completeness, n (%) 33/33 (100) 33/33 (100) NA
Total stent length (mm) 23.55 6 12.16 22.44 6 12.08 0.014
ULM body stent length (mm) 8.26 6 3.52 7.13 6 3.60 0.014

Lumen area (mm2 )
Mean 10.85 6 2.47 11.24 6 2.66 0.132

Min 7.21 6 2.23 7.18 6 2.15 0.875
Stent area (mm2 )
Mean 10.44 6 2.33 10.49 6 2.32 0.821

Min 6.88 6 2.03 6.79 6 2.09 0.534
Reference
Lumen area (mm2 ) 7.81 6 2.71 7.94 6 2.37 0.641
Tissue protruding area (mm2) 0.11 6 0.07 0.23 6 0.09 <0.001
Malapposition area (mm2) 0.12 6 0.36 0.43 6 0.51 <0.001

Malapposition volume (mm3) 1.95 6 5.69 7.73 6 7.60 <0.001
Intraluminal thrombus, n (%) 0 (0.00) 2 (5.9) 0.154

Proximal edge dissection, n (%) 0 (0.00) 1 (3.0) 0.317
Distal edge dissection, n (%) 2 (6.1) 10 (30.3) 0.011

aValues are n (%) or mean 6 SD.
Abbreviations; NA: not applicable and ULM: unprotected left main.

Fig. 2. Bland–Altman plots for comparison of MeanLA measurements evaluated by FD-OCT
and IVUS at pre- (A) and post-PCI (B). IVUS: intravascular ultrasound and FD-OCT: frequency-
domain optical coherence tomography.

E178 Fujino et al.

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).

dissections. One proximal stent edge dissection identi-
fied by FD-OCT was unnoticed by IVUS (Fig. 4).
There was one case with incomplete visualization of

the entire vessel (out of screen) pre-PCI, whereas no
out-of-screen images were revealed post-PCI (Table
IV).

One-year follow-up FD-OCT imaging. There
were no adverse clinical outcomes associated with
repeated FD-OCT imaging of ULM at 1-year follow-up.
No cases of CIN were demonstrated. There were no
thrombus detected in association with malapposed or
uncovered stent struts. Although there was reduction in
malapposed stent area when compared to baseline post-
procedure images, malapposition was still observed at
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before hospital discharge. There were no MI, ST, or
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feasibility of using FD-OCT to assess, guide, and mon-
itor outcomes of PCI in ULM coronary disease. FD-
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Total length (mm) 21.89 6 10.44 20.72 6 10.05 0.010

ULM body length (mm) 7.53 6 3.57 6.45 6 3.35 0.002
Lumen area (mm2 )
Mean 7.58 6 2.61 7.60 6 2.63 0.936

Min 3.46 6 1.66 2.94 6 1.77 0.002
Intraluminal

thrombus, n (%) PRE

0 (0.00) 3 (9.4) 0.081

Vessel out of screen, n (%) NA 1 (0.1) NA
Post-PCT
Stent completeness
Proximal completeness, n (%) 30/33 (90.9) 6/33 (18.2) <0.001
Proximal completeness

(without ULM
ostial stent coverage), n (%)

6/6 (100) 6/6 (100) NA

Distal completeness, n (%) 33/33 (100) 33/33 (100) NA
Total stent length (mm) 23.55 6 12.16 22.44 6 12.08 0.014
ULM body stent length (mm) 8.26 6 3.52 7.13 6 3.60 0.014

Lumen area (mm2 )
Mean 10.85 6 2.47 11.24 6 2.66 0.132

Min 7.21 6 2.23 7.18 6 2.15 0.875
Stent area (mm2 )
Mean 10.44 6 2.33 10.49 6 2.32 0.821

Min 6.88 6 2.03 6.79 6 2.09 0.534
Reference
Lumen area (mm2 ) 7.81 6 2.71 7.94 6 2.37 0.641
Tissue protruding area (mm2) 0.11 6 0.07 0.23 6 0.09 <0.001
Malapposition area (mm2) 0.12 6 0.36 0.43 6 0.51 <0.001

Malapposition volume (mm3) 1.95 6 5.69 7.73 6 7.60 <0.001
Intraluminal thrombus, n (%) 0 (0.00) 2 (5.9) 0.154

Proximal edge dissection, n (%) 0 (0.00) 1 (3.0) 0.317
Distal edge dissection, n (%) 2 (6.1) 10 (30.3) 0.011

aValues are n (%) or mean 6 SD.
Abbreviations; NA: not applicable and ULM: unprotected left main.

Fig. 2. Bland–Altman plots for comparison of MeanLA measurements evaluated by FD-OCT
and IVUS at pre- (A) and post-PCI (B). IVUS: intravascular ultrasound and FD-OCT: frequency-
domain optical coherence tomography.
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dissections. One proximal stent edge dissection identi-
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back v. 100 mm/pullback in IVUS), and insufficient
blood clearance, mainly in the proximal segment of
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LM PCI quality assessment :
OCT vs. IVUS



OCT guided LM PCI in daily practice



• Medina 1-0-1 LM/ Cx + OM1 stenoses
• OM1 PCI with EES 2.75 x  23 mm  implantation



MLA: 1.6 mm2

EEL/EEL diameter: 4.3 mmEEL/EEL diameter: 3.0 mm

OCT run #1 



• Distal LM to Ost Cx PCI with EES 3.0 x 15 mm
• POT with  NC balloon 4.5 x 6 mm (2 inflations) & wires exchange



OCT run #2



OCT run #2



• Side dilatation towards LAD with NC balloon 3.0 x 12 mm
• RePOT with NC balloon 4.5 x 6 mm 



• Ostial Cx post dilation with NC balloon 3.0 x 12 mm
• Final result



OCT run #3



OCT run #3



OCT run #3



!

• Prospective, multicentre study

• Main objective: To evaluate the 
feasibility of standardized OCT-
guided LM PCI using XIENCE EES & 
3D OCT protocols

• Secondary objectives: To evaluate 
the safety & efficiency  of 
standardized OCT-guided LM PCI



Left Main OCT-guided PCI

• LM OCT-guided PCI is feasible and appears to be an attractive 
option to optimize results.

• Ostial LM disease is currently a limitation of OCT analysis
• OCT-guided PCI is more sensitive than IVUS to detect early 

abnormalities.
• This option has to be evaluated in future clinical studies.
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