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a B S T r a C T
left main (lM) coronary artery disease is a high-risk lesion subset, with important prognostic implications for the pa-
tients. Recent advances in the field of interventional cardiology have narrowed the gap between surgical and percutaneous 
approach of this complex lesion setting. However, the rate of repeat revascularization remains higher in the case of percu-
taneous coronary intervention (PCi) on long-term follow-up. as such, the need for better stent optimization strategies has 
led to the development of intravascular imaging techniques, represented mainly by intravascular ultrasound (iVUS) and 
optical coherence tomography (oCT). These techniques are both able to provide excellent pre- and post-PCi guidance. 
While iVUS is an established modality in optimizing lM PCi, and is recommended by international revascularization 
guidelines, data and experience on the use of oCT are still limited. This review paper deeply analyzes the current role 
of oCT imaging in the setting of lM disease, particularly focusing on its utility in assessing plaque morphology and 
distribution, vessel dimensions and proper stent sizing, analyzing mechanisms of stent failure such as malapposition and 
underexpansion, guiding bifurcation stenting, as well as offering a direct comparison with iVUS in this critical clinical 
scenario, based on the most recent available data.
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left main (lM) coronary artery disease (Cad) 
is a high-risk, life-threatening condition, 

due to the large amount of myocardial territory 
at risk. The continuous development of strate-
gies and devices in interventional cardiology 
has changed the paradigm of treatment of lM 
disease. Coronary artery by-pass graft surgery 
(CaBg) still represents the gold standard in treat-
ing lM disease since the beginning of coronary 
revascularization and even with the development 
of bare metal stents (BMS) and first-generation 

drug eluting stents (deS) the results were unsat-
isfactory with percutaneous coronary interven-
tions (PCi).1, 2 it was only after the routine use of 
second-generation deS (2g-deS) when the gap 
between PCi and CaBg has been reduced, with 
similar long-term survival rates being reported 
for patients with lM disease and low to interme-
diate SyNTaX score, with CaBg retaining an 
overall superior clinical benefit over PCI.3

as complex lesions (particularly lM stem) 
have been reported to benefit from intravascular 
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five years,10 but with higher rates of need for re-
peat revascularization in the PCi arm.11

Taking all these information into consid-
eration, PCi represents a viable alternative to 
CaBg for lM disease, with the latest guide-
lines from the American College of Cardiology/
american Heart association granting different 
classes of recommendation for lM PCi with re-
spect to lesion location (iia for isolated ostial or 
mid-shaft, respectively iib for distal lM bifurca-
tion lesions or for those associated with complex 
multivessel disease).12, 13

Predictors for long-term adverse outcome in 
LM PCI

More than a decade ago, the Synergy Between 
Percutaneous Coronary intervention with TaX-
US and Cardiac Surgery (SyNTaX) Trial dem-
onstrated that PCi is an acceptable alternative to 
CaBg for the treatment of multivessel Cad or 
lM disease with low or intermediate SyNTaX 
Score.13 in this trial, the rate of major adverse 
cardiac and cerebrovascular event rates at one 
year in lM patients were similar for CaBg and 
PCi (13.7% vs. 15.8%; P=0.44), but at the cost 
of a higher rate of repeat revascularization in the 
PCi arm, mainly driven by the presence of dM.

a large number of studies managed to identify 
further poorer prognostic predictors. The graV-
ITY Registry found after 15 years of follow-up 
that old age, number of vessels treated during 
index PCi and depressed left ventricular ejection 
fraction increase the risk of all-cause death.14 
Min et al. identified advanced age over 75 years 
old, lM distal bifurcation and acute coronary 
syndromes (aCS) as independent predictors of 
target vessel revascularization (TVr). Moreover, 
in patients with lM disease presenting with an 
aCS, Homorodean et al. recognized cardiogenic 
shock, TIMI 0/1 flow, old age, baseline SYN-
TaX Score ii, residual SyNTaX Score, SyN-
TaX revascularization index and estimated glo-
merular filtration rate as independent predictors 
of mortality at long-term follow-up.15-17

While some of these predictors are unmodi-
fiable, intravascular imaging has been shown to 
have the ability of improving the outcomes when 
used to guide PCi in complex lesions such as lM 
disease.

imaging (intravascular ultrasound [iVUS] and 
optical coherence tomography [oCT]),4 current 
european guidelines recommend iVUS (class iia 
B indication) to optimize stent results in select-
ed patients. Moreover, iVUS is recommended 
to assess lesion severity in lM coronary artery 
disease and to optimize unprotected lM inter-
vention (class iia B indication).3 While iVUS 
has emerged as an important adjuvant tool in en-
hancing lM PCi, the role of oCT is still unclear 
and current data is still scarce, but several studies 
have shown promising results, with ongoing re-
search expected to better clarify the importance 
of this imaging technique in this complex setting.

LM CAD

LM treatment - PCI vs. CABG

The 2018 European Guidelines on Myocardial 
revascularization granted percutaneous treat-
ment of lM disease a Class i, iia and iii (level 
of evidence B) recommendation respectively for 
low, intermediate and high SyNTaX scores.3 
However, recently the long-term results of two 
large randomized clinical trials (rCT), NoBle 
(Nordic-Baltic-British left Main revascu-
larization Study)5 and eXCel (evaluation of 
XieNCe Versus Coronary artery Bypass Sur-
gery for effectiveness of left Main revascular-
ization)6 were published and the authors reported 
contradictory conclusions.

While the eXCel trial found a similar rate 
of a composite of death from any cause, stroke, 
or myocardial infarction (Mi) between the two 
studied groups (PCi using the 2g-deS Xience 
and CaBg) with a higher rate of death from any 
cause and ischemia-driven revascularization in 
the PCi group,6, 7 the NoBle trial reported at 
long-term follow-up a more frequent rate of the 
composite endpoint of death, non-procedural Mi, 
stroke, and repeat revascularization in the PCi 
arm, with no significant differences between the 
two groups in terms of mortality.5, 8 With an im-
portant between-study heterogeneity in terms of 
definition of MI, patient assessment, procedural 
characteristics, device used and methodology as 
potential explanations for the opposing results,9 
a series of meta-analyses were conducted, re-
porting a similar risk for all-cause mortality at 
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lege of Cardiology/ American Heart Associa-
tion23 and a class iia B indication respectively 
from the 2018 ESC/EACTS.3

OCT

oCT is an optical imaging modality that uses 
near-infrared light to offer higher-resolution im-
ages (10-20 µm axial resolution) than IVUS, 
with faster image acquisition but at the cost of 
lower penetration (up to 3mm).24 Main features 
and limitations of each technique in comparison 
with a functional evaluation are summarized in 
Table i.25, 26 Current data on the prognostic ben-
efit of OCT usage in guiding PCI is limited.

Two important rCTs, the doCTorS and 
ilUMieN iii trials,27, 28 found oCT to im-
prove stent underexpansion as well as to lower 
the number of untreated edge dissections and 
major malappositions, but there were no sig-
nificant differences in terms of MACE between 
oCT-guided PCi and angiography-guided PCi 
group. Conversely, non-randomized studies19, 29 
found significant improvement in mid- and long-
term follow-up outcomes in patients undergoing 
oCT-guided PCi, by lowering the risk of cardiac 
death, Mi, and all-cause mortality respectively.

The role of intravascular imaging in guiding PCI

While coronary angiography (Ca) has been the 
main imaging modality used for guiding PCi, it 
still has several limitations in assessing the vessel 
wall, plaque composition, atherosclerosis distri-
bution and it is hampered by interobserver vari-
ability.18 Thus, intravascular imaging by iVUS 
and oCT, providing tomographic sections of the 
coronary arteries, has been developed in order to 
better understand atherosclerotic disease, guide 
the physician in the catheterization laboratory, 
select the appropriate interventional strategies 
and optimize PCi.19

IVUS

iVUS has been shown to be an important tool in 
improving the outcome of PCi. in both clinical 
trials20, 21 as well as meta-analyses22 iVUS-guid-
ed PCI had a significantly lower rate of major 
adverse cardiac events (MaCe), target vessel 
failure (TVF) and stent thrombosis (ST) at long-
term follow-up.

Current guideline recommendations reflect 
this data, with a class iib B indication in using 
iVUS for guiding PCi from the american Col-

Table I.—  Main advantages and disadvantages of OCT, IVUS and FFR.
oCT iVUS FFr

advantages advantages advantages
• High spatial resolution (10-20 µm 

axial, 20-40 µm lateral)
• Better tissue characterization (calcium)
• Thrombus identification
• assessment of stent edge dissection, 

strut coverage, malapposition
• Better guidance for SB rewiring (of 

particular interest in distal lM)
• easier to interpret

• Better penetrability
• allows true vessel stent sizing
• Allows better quantification of plaque 

volume
• accurate evaluation of stent area and 

stent expansion
• extensive clinical experience
• available data that shows better 

outcome following iVUS-guided PCi, 
including lM setting

• Valuable guide in CTo procedures

• ability to defer SB stenting in lM 
bifurcation lesions with seemingly 
significant residual stenosis

• Evaluation of collateral flow

disadvantages disadvantages disadvantages
• limited penetrability (impeding large 

vessel evaluation, such as lM)
• The need for contrast media injection
• The need for flushing in order to 

remove blood (difficulty in evaluating 
lM ostia)

• Limited data on its prognostic benefit in 
guiding PCi

• Poor tissue characterization
• Difficult thrombus identification
• limited assessment capability of strut 

coverage, strut malapposition
• Difficult to interpret

• Difficulty in interpreting LM FFR when 
paired with significant downstream 
branch lesion

• No information on plaque morphology
• Cannot assess plaque vulnerability 

features
• Cannot evaluate stent-related 

complications
CTO: chronic total occlusion; FFR: fractional flow reserve; IVUS: intravascular ultrasound; LM: left main coronary artery; OCT: optical 
coherence tomography; PCi: percutaneous coronary intervention; SB: side branch.
adapted from raber et al.4 and longobardo et al.25).
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fibrous, lipid-rich, and calcified based on data 
from histology studies33 and correlates well with 
the latter, as shown by yabushita et al.:34 sensi-
bility and specificity were 71-79% and 97-98% 
for fibrous plaque, 90-94% and 90-92% for lipid-
rich plaques, and 95-96% and 97% for calcified 
plaques, with similar results being reported by 
Kume et al.35

FIbrous plaque

Fibrous plaque represents a low-attenuating, sig-
nal-rich, relatively homogenous lesion,36 mainly 
consisting of collagen fibers, smooth muscle 
cells, and extra-cellular matrix (proteoglycans). 
it usually allows the visualization of the eel, as 
opposed to lipid/ necrotic core which attenuate 
light, thus obscuring the eel.

The use of OCT not only allows the identifi-
cation of these plaques, but also has the ability 
to guide long-term pharmaceutical therapy, as 
yano et al. reported for the first time the effect 
of proprotein convertase subtilisin/kexin type 9 
(PCSK9) inhibitors in addition to statins on fi-
brous cap thickness or extension of the athero-
sclerotic plaque after aCS.37 in this study, oCT 
analysis revealed that the use of this approach, 
even for a short period of time after the onset of 
an aCS, due to a greater reduction of low-densi-
ty lipoprotein cholesterol, could be responsible 
of an incremental growth in fibrous cap thickness 
and regression of the lipid component.

IVUS vs. OCT

So far, several rCTs compared the outcomes of 
iVUS and oCT when used to guide PCi. The 
OPINION trial enrolled 829 patients and report-
ed the non-inferiority of oCT-guided PCi with 
respect to iVUS-guided PCi in terms of TVF at 
one year30 as well as similar rates of late lumen 
loss (lll), percent diameter stenosis and binary 
restenosis. Stent diameter was determined by us-
ing a lumen-based approach in the oCT group, 
resulting in significantly smaller final stent sizes 
as compared to the iVUS group, in which eel 
diameter was used as a marker (2.92±0.39 mm 
vs. 2.99±0.39 mm; P=0.005). The ILUMIEN II 
retrospective study31 reported similar stent ex-
pansion degrees irrespective of the imaging mo-
dality used to guide PCi (oCT or iVUS), with an 
important remark being the fact that iVUS over-
estimates lumen area by 10%.32

ilUMieN iii28 randomized 450 patients and 
evaluated a novel oCT stent matching using 
eel diameter at the reference segments. Com-
pared to iVUS, oCT was non-inferior in terms 
of post-PCI minimum stent area (MSA) (5.79 
mm2 vs. 5.89 mm2; P=0.01) and similar in terms 
of minimum and mean stent expansion. in the 
OCT group there were significantly fewer major 
dissections and malappositions compared to the 
iVUS group, without an impact on MaCe.

as all of these studies reported optimistic re-
sults regarding the use of oCT in guiding PCi, 
one important question arose: is OCT efficient 
enough to guide PCI in LM disease as well? With 
several small studies trying to answer this ques-
tion, the available data is still limited, but the ini-
tial results are encouraging.

The role of OCT in LM PCI

Plaque assessment (morphology, lesion length, 
diameter)

Morphology

oCT assessment of plaque characteristics is im-
portant for planning the PCi procedure. Plaque 
individual components, elements of vulnerabil-
ity, as well as plaque complications can be ac-
curately visualized (Figure 1).

OCT mainly classifies coronary plaques as 

Figure 1.—Use of optical coherence tomography in guid-
ing left main percutaneous coronary interventions: overall 
features of the advantages of this technology.
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shown to be associated with worse procedural 
success.43 Therefore, when tackling moderate to 
severely calcified plaques, good lesion prepara-
tion is mandatory, as severe stent underexpan-
sion is associated with negative outcome, in-
cluding in-stent restenosis (iSr) and ST.44 oCT 
identification of these lesions, especially in the 
case of lM, should guide the physician into us-
ing aggressive debulking strategies, in order to 
achieve proper stent expansion and apposition.

rotational atherectomy (ra) is the most com-
monly used calcium modification strategy. As 
older studies like the roTaXUS Trial did not 
find a benefit in outcomes from using RA when 
comparing it with standard PCi in moderate to 
severe calcification (intravascular imaging was 
not implemented),45 current guidelines are rec-
ommending the use of atherectomy only in case 
of heavily calcified lesions, with a class IIa C in-
dication.23

When comparing orbital atherectomy with 
ra, okamota et al. found similar MaCe, with 
a slightly higher dissection and perforation rate 
(1.6% vs. 0.3%, P=0.02; 1.6% vs. 0.2%, P=0.03) 
and a trend towards better stent expansion with 
oa, as assessed by oCT imaging.46

intravascular lithotripsy (iVl) is a relatively 
novel calcium modification technique useful in 
both de-novo calcified lesions47 as well as in 
stent restenosis with underexpanded stents due 
to heavy calcifications.48 in diSrUPT Cad iii49 
which prospectively included patients with se-

lIpId-rIch plaque

his type of lesion consists of a high-attenuating, 
signal-poor region- the lipid-rich necrotic core, 
covered by a fibrous cap. OCT is best suited 
to assess fibrous cap thickness due to its high 
spatial resolution, which is of great importance 
when defining plaque vulnerability.33 Macro-
phages can also be identified as clusters of bright 
spots along the fibrous cap. A fibrous cap thick-
ness of <65µm defines a thin-cap fibroatheroma, 
and it is usually correlated with plaque rupture, 
as shown by Burke et al.38 also, thin cap rupture 
was found to be the culprit mechanism in more 
than two-thirds of aCS.39

The clinical implication of identifying these 
plaques on oCT is the fact that in their manage-
ment, predilatation with an undersized balloon 
or direct stenting should be considered and full 
lesion coverage is preferred, as they are prone to 
rupture with distal embolization.40 Several stud-
ies have shown that stenting lipid-rich plaques 
was associated with increased risk of post-pro-
cedural MI, distal embolization and no-reflow 
phenomenon.41

calcIFIc plaque

Calcific plaques are characterized by low-at-
tenuating, signal-poor regions and sharply de-
lineated borders (Figure 2), and are more com-
monly seen in older patients, with dM or renal 
failure;42 the presence of these plaques has been 

Figure 2.—a) Coronary 
angiography shows a 
severe distal left main 
stenosis (Medina 1-0-0); 
B) optical coherence to-
mography reveals two-
quadrant, superficial and 
thick calcification (star).a B
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landing zones. accurate choice of stent length is 
of utmost importance as incomplete lesion cover-
age is associated with stent failure and MaCe.4

Landing zones should mainly contain fibrotic 
tissue, as an oCT retrospective study55 has shown 
that the presence of lipid-rich plaque at the stent 
edges was associated with late stent edge reste-
nosis (SER) (61% in the SER group vs. 20% in 
the non-SER group; P<0.001) and suggested that 
in case of diffuse disease a lipid arch of <185° 
could minimize this phenomenon. Kang et al.56 
demonstrated that a plaque burden of <55% at 
the reference segment post-PCi evaluated with 
iVUS should be associated with a lower Ser 
rate. With respect to calcific plaques, deep cal-
cium with an arc of <180° should determine a 
more favorable outcome.57

Diameter

Stent sizing can be performed using two main 
strategies- a lumen based and a vessel (eel) 
based approach. Using the distal reference is 
the most common and safest method. iVUS 
has been long used to evaluate the severity of 
LM lesions. An MLA value of <6 mm2 is the 
established cut-off for lM revascularization, as 
was demonstrated by a prospective study by de 
la Torre Hernandez et al.58 at two-year follow-
up, the survival rate was 97.7% in the deferred 
group, compared to 94.5% in the invasive group 
(P=0.5). This cut-off value has also a strong cor-
relation with a fractional flow reserve (FFR) val-
ue of <0.75 with high sensitivity and specificity 
(93%, 95%).59 Figure 3 demonstrates how oCT 
can lead to a change in the decision in case of 
angiographically nonsignificant lesions.

a smaller study conducted on asian patients 
with isolated and mid-shaft angiographically inter-
mediate lM lesions suggested a lower Mla cut-
off of <4.5 mm2.60 Consequently, race should be 
taken into account when approaching the lM. it is a 
known fact that iVUS overestimates lumen dimen-
sions,32 thus oCT-derived cut-offs must be lower, 
but are not well established. a retrospective study 
including patients with lM bifurcation lesions61 
suggests the need for revascularization in case of 
OCT-measured area stenosis (AS) >75% or MLA 
≤4 mm2 (when AS is between 50% and 75%).

verely calcified lesions, IVL determined calcium 
fractures in 67.4% of lesions with a post-PCI 
stent expansion of 101.7±28.9% and was asso-
ciated with a procedural success of 92.4% and 
a freedom from 30-day MACE of 92.2%. Aziz 
et al.50 reported adequate procedural success and 
low complication rate when using iVl (99% and 
3% respectively) with a MACE rate of 2.6% at 
long-term follow-up.

oCT not only has the ability to assess the pres-
ence of the calcific plaque, but it can also identify 
several predictors of calcium fracture in case of 
RA, such as maximum calcium angle of >227° 
(P<0.001) and calcium thickness of <0.67 mm 
(P<0.001), with an 86.9% incidence of cracks 
in these segments.51 Fujino et al.52 reported the 
thresholds in case of balloon angioplasty-only 
lesion preparation, which were much lower re-
garding calcium thickness (<0.24 mm).

Three main types of calcifications can be iden-
tified by OCT:53 superficial calcium, deep calci-
um and nodular calcium, important to consider, 
as each type carries different management. deep 
calcification usually requires only balloon-based 
strategies, such as non-compliant, scoring or cut-
ting balloons, sometimes iVl being necessary. 
Nodular calcification is best managed using or-
bital or rotational atherectomy, whereas superfi-
cial calcification can be treated with either OA, 
ra, or iVl.53

another important clinical implication of oCT 
in heavily calcified lesions is suggested by the 
data from a retrospective study,54 in which a high 
oCT-based calcium scoring system comprising 
of maximum calcium thickness >0.5 mm, length 
of calcium >5 mm and maximum arc >180° de-
termined significantly lower stent expansion de-
grees (median 78%; P<0.01). This indicates the 
need for additional plaque debulking strategies, 
although, the study excluded patients with com-
plex calcified lesions, for whom these modalities 
would have been used.

Lesion length

With the help of l-mode and other features, oCT 
can be used to accurately measure vessel dimen-
sions, characteristics and structure (Figure 1). The 
largest lumen with minimal disease either proxi-
mal and distal to the lesion is used to define stent 
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cutting or scoring balloons. The reSCUT Trial68 
which included 428 patients with ISR demon-
strated no improvement in the angiographic de-
gree of stenosis or rate of clinical events (16.4% 
vs. 15.4% patients with MACE; P=0.79) at sev-
en-month follow-up when comparing cutting 
balloon with conventional balloon-angioplasty. 
The final treatment consists in a prolonged infla-
tion of a drug-coated balloon or in a new deS 
implantation, as both strategies are granted a 
class i a recommendation.3

Stent fracture

Several risk factors for stent fracture have been 
described, including abnormal forces placed 
on the stent, vessel tortuosity (especially in the 
right coronary artery), vessel calcification, ostial 
stent location, hinge motion, overlapping stents, 
increased stent length, smaller stent diameter, 
coronary aneurysm, and balloon overdilation.69

in a large study, Kan et al. prospectively 
studied 6555 patients with 16482 DES implant-
ed, finding a high incidence of stent fracture 
(12.3%). This complication was associated with 
higher iSr rates (42.1%), target lesion revascu-
larization (TLR) (24.8%, N.=379), and definite 
ST (4.6%) compared with stents without frac-
ture (10.7%, 6.6%, and 1.03%; all P<0.001), 
even though these differences did not translate 
into higher mortality rates.70 lee et al. described 
four types of stent fractures and while most of 
the type i lesions (single strut fracture) can be 
identified by CA alone, OCT-guided procedures 
have been shown to better identify more se-
vere lesions, which require coronary interven-
tions.71, 72

Understanding the mechanisms of in-stent reste-
nosis to guide treatment

Based on angiography, ISR is defined as a >50% 
stenosis in a stent or within 5mm from the proxi-
mal and distal edges.62 as the use of intravascu-
lar imaging, especially oCT, has been shown to 
provide additional information on the mecha-
nisms of iSr (Figure 1),63 the 2018 ESC/EACTS 
guidelines on Myocardial revascularization3 
recommended the use of oCT for evaluating 
stent-related mechanical problems leading to re-
stenosis (class iia C indication). Four main enti-
ties have been described:64 chronic stent under-
expansion, stent fracture, neointimal hyperplasia 
and neoatherosclerosis, each requiring specific 
therapeutic considerations.

Stent underexpansion

Stent underexpansion as a mechanism of iSr 
can result from stent undersizing, inadequate 
balloon deployment or poor lesion preparation, 
in particular when the calcium burden is high. 
High-pressure non-compliant balloon is the op-
timal management, and a balloon/vessel ratio 
of 1.1 to 1 is generally recommended,65 with 
ra66 or excimer laser coronary angioplasty67 
being safe and effective alternatives in refrac-
tory cases.

Neointimal hyperplasia

Neointimal hyperplasia as well as neoatheroscle-
rosis with soft, lipid-rich or fibrotic tissues can 
also be tackled using high-pressure non-com-
pliant balloons. Conventional balloons carry the 
risk of migration which can be avoided by using 

Figure 3.—a) Coronary 
angiography shows a 
nonsignificant left main 
mid-shaft stenosis (42% 
on quantitative analysis); 
B) optical coherence 
tomography reveals a 
minimum lumen area of 
5.76 mm2, which led to 
angioplasty with stent 
implantation.

a B
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early ST, but also found in 14% of patients pre-
senting with very late ST.76 even if the rates of 
ST have been decreasing consistently since the 

Stent edge dissection

Stent edge dissection (Figure 4) consists of a tear 
at the stent-vessel wall interface characterized by 
a linear rim of tissue with clear separation from 
the arterial wall.73 oCT has a high sensibility 
in detecting even very small, non-flow limiting 
edge dissections, due to its excellent spatial reso-
lution (Figure 1). it should be noted however that 
over two-thirds of edge dissections described on 
OCT have no clinical significance.40

The Cli-oPCi ii Study74 retrospectively ana-
lyzed 832 patients including those with LM dis-
ease and found that a significant dissection (>200 
µm width) at the distal stent edge was predic-
tive of MACE (HR: 2.54; P=0.004), which was 
not the case for a proximal dissection (HR: 0.83; 
P=0.65). A smaller study75 has shown that cav-
ity depth at the distal edge (HR: 1.029, 95% CI, 
1.012-1.047), reference lumen area at the proxi-
mal edge (adjusted HR: 0.63, 95% CI, 0.45-
0.87), and overall dissection length (adjusted 
HR: 1.17, 95% CI, 1.02-1.34) were associated 
with an increased risk of device-oriented com-
posite end point (cardiac death, target lesion Mi, 
or Tlr) at one year.

Stent underexpansion and malapposition

alongside uncovered stent struts and neoathero-
sclerosis, stent underexpansion and malapposi-
tion (Figure 5) have been identified as the lead-
ing mechanisms of iSr and ST. The PreSTige 
registry, the largest available series of patient 
assessed by oCT for ST, reported stent underex-
pansion to be highest in patients with early ST, 
while malapposition was a frequent finding in 

Figure 4.—a) Coronary 
angiography shows an 
apparently good result 
after left main-proximal 
left anterior descending 
artery stent implantation; 
B) optical coherence to-
mography reveals distal 
stent edge dissection (ar-
row).

Figure 5.—A) Coronary angiography after left main-prox-
imal left anterior descending artery stent implantation with 
adequate result; B) optical coherence tomography reveals 
significant stent malapposition (arrow) of the proximal 
struts.

a B

a

B
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Bifurcations

Bifurcation lesions in general and distal lM bi-
furcation disease in particular represent one of the 
most challenging lesion subsets for PCi. recent-
ly, the results from the eBC MaiN Trial showed 
how a stepwise provisional strategy resulted in 
similar primary endpoint rates (a composite of 
death, Mi, and Tlr at 12 months) when com-
pared to a systematic dual-stent approach (14.7% 
vs. 17.7%; HR: 0.8, 95% CI, 0.5-1.3; P=0.34) for 
lM stenting. Thus, the authors recommended the 
stepwise provisional strategy to remain the de-
fault for distal lM bifurcation PCi.80

oCT analysis of the distal lM bifurcation can 
ease the decision regarding the strategy by ana-
lyzing four important elements: side branch (SB) 
ostial stenosis, bifurcation angle, length of the 
proximal SB disease and the diameter of the dis-
tal SB reference segment, as a bifurcation angle 
<50% and a length from the proximal branching 
point to the carina tip of <1.70 mm, alongside 
with high lipid content in the main vessel (MV) 
lesion and contralateral location of lipid in the bi-
furcation area have been demonstrated to predict 
SB stenosis/obstruction after MV stenting, thus 
requiring a two-stent technique.25

in such cases, oCT can also help the interven-
tional cardiologist to plan and conduct the pro-
cedure. oCT examination of bifurcation lesions 
should be performed in both MV and SB with 
stent size ideally being selected according to the 
distal MV reference diameter.81

another important application of the oCT 
guidance in distal lM bifurcation PCi is the 
side-branch rewiring, which can sometimes be 

introduction of 2 g-deS and tailored antithrom-
botic regimens, the occurrence of this event in 
a stent placed in the lM is most likely fatal, al-
though the incidence and mortality from lM ST 
have not yet been precisely defined.77 For this 
reason, the use of available adjuvants in order to 
minimize the rates of underexpansion and malap-
position is mandatory when stenting the lM.

The leMoN Study, a prospective, multicenter 
trial analyzed the feasibility, safety and impact of 
OCT-guided mid/distal LM PCI in 70 patients. 
a combination of residual angiographic stenosis 
<50%, TIMI 3 flow in all branches and adequate 
OCT stent expansion was reported in 86% of 
the patients, while in 26% of the cases the initial 
strategy was modified by OCT guidance. These 
results translated into a 98.6% rate of freedom 
from MaCe at one-year follow-up, suggesting 
the feasibility of oCT-guided lM PCi.78

in another study, agrawal et al. reviewed 110 
stent implantations (including LM) in 100 con-
secutive patients, using oCT after the operator 
considered the stent as optimally deployed based 
on Ca. Surprisingly, strut malapposition was 
found in 74.5% of the stents, with localized lu-
men enlargement being the most common mech-
anism, followed by stent undersizing (46.3%), 
strut underexpansion (29.3%), stent deployment 
issue (18.2%) and vessel asymmetry (9.7%).79

Taking this data into account, the use of oCT 
is not only capable of identifying stent malappo-
sition and underexpansion (Figure 1) better than 
Ca alone,79 but could also guide the physician 
into choosing the best strategy to overpass them. 
However, the impact on long-term clinical out-
comes is still to be studied.

Figure 6.—A) Coronary 
angiography displays 
side branch rewiring af-
ter main vessel stenting; 
B) 3d optical coherence 
tomography facilitates 
visualization of correct 
side branch rewiring 
through the distal stent 
struts.a B
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study comparing these two imaging techniques 
and found oCT similar to iVUS in terms of 
mean lumen and stent area (11.24±2.66 mm2 vs. 
10.85±2.47 mm2; P=0.13; 10.44±2.33 mm2 vs. 
10.49±2.32 mm2; P=0.82) with the former being 
superior in detecting stent malapposition (malap-
position area 0.43±0.51 mm2 vs. 0.12±0.36 mm2; 
P<0.001) and distal edge dissection (30.3% vs. 
6.1%; P=0.011). Additionally, it demonstrated 
that OCT has a similarly high safety profile com-
pared to iVUS in tackling lM coronary disease 
with no ST-segment changes, dissection, vessel 
occlusion, coronary spasm or slow flow being 
documented.

The proof of concept was performed by Cor-
tese et al.84 in the multicenter, retrospective 
roCK i study comparing oCT with standard of 
care stenting (angiography with iVUS adjuvance 
according to the operator’s preference) in guid-
ing distal lM PCi and showed that at six-month 
angiographic follow-up the primary endpoint of 
LLL was lower in the OCT group, not signifi-
cantly in the proximal stent segment pertaining 

difficult, but even in more “simple” cases the 
newly developed 3d oCT can help the physician 
to rewire the SB through the distal stent cell af-
ter main branch stenting (Figure 6), as this strat-
egy was shown to optimize the kissing balloon 
inflation technique and lead to more favorable 
results.82

Nevertheless, after stent(s) implantation, the 
final result assessment by OCT might identify 
several factors associated with poor long-term 
outcomes, such as edge dissection, stent under-
expansion and malapposition, in such cases the 
physician being capable of optimizing the result.

Figure 7 presents a stepwise approach on the 
use of oCT during and after lM PCi, with all the 
potential advantages depicted during each step.

OCT vs. IVUS in left main PCI

While data on the use of oCT in lM is still limit-
ed, a direct comparison between iVUS and oCT 
in this specific setting is of great interest but also 
incompletely explored.

Fujino et al.83 conducted a small prospective 

Figure 7.—Stepwise approach for optical coherence tomography guided percutaneous coronary interventions of the left main.
aS: area stenosis; dCB: drug-coated balloon; deS: drug-eluting stent; eel: external elastica lamina; lM: left main coronary 
artery; Mla: minimum lumen area; NC: non-compliant; oCT: optical coherence tomography; PCi: percutaneous coronary 
intervention; PoBa: plain balloon angioplasty; ra: rotational atherectomy; SB: side branch.

Plaque morphology: the need 
for lesion preparation

Lesion length

Vessel diameter and stent sizing

Stent underexpansion

Stent malapposition (more 
frequent in the proximal  

vessel-LM if bifurcation lesion)

Stent edge dissection (more 
frequent in the distal vessel if 

bifurcation lesion)

Examination of bifurcation 
lesions

Chronic stent underexpansion

Neointimal hyperplasia

Stent fracture

Neoatherosclerosis

PRE-PCI assessment

Immediate post-PCI 
assessment

Long-term post-PCI 
assessment

Evaluation of 
mechanism of 
stent failure

Fibrotic plaque-scoring balloons

OCT cuf-off for 
revescularization  

not so clearly 
established  

(AS >75%/MLA <4 mm2)

Lipid-rich palque: POBA/direct stenting

Calcified plaque: choose strategy based on  
pattern of calcification and calcium score

Assess landing zone (avoid lipid-rich plaque) and 
choose accurate stent length

Lumen-based approach

EEL-based approach (sometimes difficult in case 
of large LM)

Assess cause: stent undersizing/poor lesion preparation

Treat with high-pressure NC balloon/RA/excimer laser

If >300 μm: treat with larger balloon/ 
high-pressure NC balloon

If arc >60°, length ≥2 mm: additional stenting

Facilitates SB rewiring

Treat with high-pressure NC balloon/RA/excimer laser

Treat with high-pressure NC balloon/cutting or 
scoring balloon/DCB/new DES implantation

Variable management options depending on 
severity of fracture and degree of restenosis

Treat with high-pressure NC balloon/cutting or 
scoring balloon/DCB/new DES implantation
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ing propensity-score matching the rate of TlF 
was still similar between the groups (7% vs. 
6%), which was also the case for the individual 
components of the primary endpoint. as is to be 
expected, acute stent malapposition and residu-
al edge dissection were more often detected by 
OCT as compared to IVUS (10% vs. 4%; P=0.04; 
9.7% vs. 5.1%; P=0.04).

in another study86 including 331 patients 
the authors reported similar rates of restenosis 
(15.2% vs. 9.4%; P=0.387) and MACE (7.0% vs. 
7.4%; P=0.98), comprising of cardiac death, MI, 
and Tlr, between the two imaging modalities.

LM (0.12±0.41 mm vs. 0.26±0.52 mm; P=0.10) 
and significantly in the distal one- left anterior 
descending/ circumflex artery (0.03±0.45mm 
vs. 0.24±0.53 mm; P=0.025). What’s more, per-
cent diameter stenosis and restenosis rate were 
also reduced following oCT usage (14±9% vs. 
19±16%; P=0.05; 3.5% vs. 12.9%; P=0.03).

later, the multicenter, international roCK ii 
study85 analyzed 730 patients undergoing distal 
lM stenting and found no difference between 
OCT and IVUS in terms of TLF (defined as a 
composite of cardiac death, target vessel Mi and 
TLR) at one year (P=0.26). Of note, after apply-

Table II.—  Summary of the main studies evaluating the role of OCT in LM PCI.61, 74, 78-80, 83-86

Study design Primary endpoint results
Cli-oPCi ii74 retrospective impact of suboptimal stent 

deployment on MaCe
In-stent MLA<4.5mm2 (HR: 1.64; P=0.040) and 

dissection>200µm (HR: 2.54; P=0.004) at the distal 
edge were independent predictors of MaCe

dato et al.61 retrospective TVF at 18 months Similar survival rates (HR: 0.40, 95% CI, 0.10-1.61; 
P=0.20) between patients treated conservatively vs. 
invasively based on oCT-measured cut-offs: aS 
>75% or MLA≤4 mm2 (when 50%<AS<75%)

agrawal et al.79 retrospective Evaluation of causes/extent of strut 
malapposition

Strut malapposition was found in 74.5% of the stents 
(localized lumen enlargement being the most 
common mechanism)

leMoN study78 Non-rCT Procedural success comprising 
of a combination of residual 
angiographic stenosis <50%, 
TIMI 3 flow in all branches and 
adequate oCT stent expansion

86% procedural success and 98.6% rate of freedom 
from MaCe

eBC MaiN80 rCT Composite of all-cause 
death, Mi, and target lesion 
revascularization at 12 months

a stepwise provisional strategy resulted in similar 
primary endpoint rates when compared to a 
systematic dual-stent approach (14.7% vs. 17.7%; 
HR: 0.8, 95% CI, 0.5-1.3; P=0.34)

Fujino et al.83 Prospective Safety and feasibility of oCT vs. 
iVUS in lM PCi

OCT was similar to IVUS in assessing lumen/stent 
dimensions (11.24±2.66 mm2 vs. 10.85±2.47 mm2; 
P=0.13; 10.44±2.33 mm2 vs. 10.49±2.32 mm2; 
P=0.82) as well as in terms of the safety profile (no 
ST-segment changes, dissection, vessel occlusion, 
coronary spasm or slow flow were documented)

rock i84 retrospective oCT vs. angiography-guided PCi 
(including iVUS) in terms of 
lll at six-month follow-up

LLL was lower in the OCT group, not significantly 
in the proximal stent segment pertaining lM 
(0.12±0.41 mm vs. 0.26±0.52 mm; P=0.10) and 
significantly in the distal one- LAD/Cx artery 
(0.03±0.45 mm vs. 0.24±0.53 mm; P=0.025)

rock ii85 retrospective oCT vs. iVUS vs. angiography-
guided PCi in terms of TlF at 
one year

The composite of cardiac death, target vessel Mi and 
target lesion revascularization was similar between 
OCT and IVUS at one year (P=0.26)

Miura et al.86 retrospective oCT vs. iVUS-guided PCi in terms 
of eight-month MaCe

Similar rates of MACE (7.0% vs. 7.4%; P=0.98) and 
restenosis (15.2% vs. 9.4%; P=0.387) between the 
two modalities

doCTorS-lM rCT oCT vs. angiography-guided PCi ongoing
AS: area stenosis; Cx: circumflex coronary artery; IVUS: intravascular ultrasound; LAD: left anterior descending coronary artery; LLL: late 
lumen loss; lM: left main coronary artery; MaCe: major adverse cardiac events; Mi: myocardial infarction; Mla: minimum lumen area; 
oCT: optical coherence tomography; PCi: percutaneous coronary intervention; rCT: randomized controlled trial; TiMi: thrombolysis in 
myocardial infarction; TlF: target lesion failure; TVF: target vessel failure.
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and while several small studies demonstrated the 
non-inferiority of oCT when compared to iVUS, 
large RCTs are urgently needed to confirm these 
results.

Key messages

• distal lM remains one of the most 
complex lesion subsets, prompting adequate 
operator knowledge as well as the need for 
proper optimization techniques by means of 
intracoronary imaging.

• There is extensive experience and clini-
cal data that supports the use of iVUS in op-
timizing lM PCi.

• oCT was proven non-inferior compared 
to iVUS in guiding lM PCi in several small 
studies, but large rCTs are still lacking.
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With these promising results being published, 
the need for larger rCTs in order to validate them 
is imperative, as the use of oCT in lM disease 
could improve the immediate results and long-
term outcomes in this particularly difficult setting.

Table ii provides an overview of the main 
studies focusing on oCT-guided PCi of the 
lM.61, 74, 78-80, 83-86

Ongoing studies

Although IVUS has a more clearly defined role in 
guiding LM PCI (this is also reflected in the guide-
lines), it should be noted that most of its value 
derives from registries or sub-analyses of rCTs. 
Two ongoing trials, OPTIMAL (NCT04111770) 
and IVUS CHIP (NCT04854070) (which focus-
es on complex coronary lesions, including lM) 
will hopefully fill the gap with more robust data 
pertaining this modality.

With respect to oCT, doCTorS-lM 
(NCT04391413) is the only ongoing RCT at this 
moment including 188 patients with both ACS 
or stable CAD and significant non-ostial LM 
disease. it aims to compare an oCT-guided PCi 
strategy with angiographic assessment alone by 
means of post-PCi FFr and promises to provide 
additional data in support of oCT usage in the 
critical context of lM disease.

Conclusions

The continuous development of strategies, tech-
niques and devices in the field of interventional 
cardiology has changed the approach of lM dis-
ease over time, with PCi being now indicated for 
low to intermediate SyNTaX scores. However, 
lM disease and especially distal lM bifurcation 
lesions still represent one of the most demand-
ing clinical scenarios. Therefore, the use of in-
tracoronary imaging has materialized as a use-
ful complementary modality in optimizing the 
results, but while iVUS has a more well-estab-
lished role, the full extent of the contribution of 
oCT remains to be determined.

Nevertheless, recent researches reported op-
timistic results, which outlined the role of oCT 
in lM interventions, mainly for plaque assess-
ment, identification of ISR mechanisms, edge 
dissection, guidance in distal lM bifurcation 
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