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EBC consensus on LM PCI

to the risk of plaque shift potentially occluding the side branch 
ostium, main vessel balloon predilation should be considered as 
the very last option, and undersized, non-compliant balloons are 
advisable (Figure 3).

LEFT MAIN “PREPARATION”
The lesion preparation technique depends on the vessel anatomy 
and the operator’s experience. When fibrocalcific plaques are 
noticed, rotablation and non-compliant/scoring balloons are usu-
ally selected before stent implantation.

Side branch predilation remains controversial as there are rec-
ognised potential disadvantages which include the risk of dissec-
tion and the possible triggering of restenosis. Accordingly, routine 
side branch predilation is not recommended. However, in the pres-
ence of side branch severe ostial stenosis or a very calcified lesion 
or difficult SB access, predilation (with undersized and/or non-
compliant balloons) is strongly advised.

SUMMARY STATEMENT/RECOMMENDATIONS
– �Guidewire placement in both branches is recommended for all 

non-ostial/mid-shaft LM PCI.
– �Optimal main vessel preparation is always recommended before 

LM stent implantation.
– �Optimal side branch preparation is recommended in side 

branches with severe ostial stenosis or very calcified lesions or 
difficult access.

Left main stent sizing
The selection of a stent well matched with the LM anatomy is rec-
ognised as a critical step for successful PCI. Accordingly, the indi-
vidual patient’s LM anatomy definition by intravascular imaging 
is strongly advised whenever angiography is unclear.

Two different scenarios determine stent diameter sizing selec-
tion in LM PCI: either a stent selected to cover the LM only 
or a stent selected to cover the LM bifurcation.

The first situation is encountered in LM ostium/mid-shaft PCI 
where the stent should be selected according to the best match 
with the treated LM size. DES from different manufactures are 
available with different diameter ranges, but only a few manu-
facturers provide large diameter stents whose nominal range falls 
within the typical LM size (4.5-5 mm) (Table 2). Bench-top tests 
have confirmed the ability of different DES platforms with a nom-
inal size of 3-4 mm to maintain structural integrity when expanded 
to higher diameters23,24. However, major concerns exist regarding 
specific expansion limits, suboptimal plaque coverage (due to 
reduced metal-artery ratio) and the preservation of drug-elution 
kinetics.

The second scenario is the more common situation where the 
LM coverage is achieved with the same stent which is implanted 
in either the LAD or the LCX. In this situation, the stent size 
is selected according to the distal vessel size11, so that 3-4  mm 
DES are usually considered. Then, appropriate stent expan-
sion in the LM is recommended according to the proximal opti-
misation technique (POT), using appropriately sized balloon 
post-dilation11. As previously stated, the feasibility of DES over-
expansion has been documented in bench tests, but knowledge 
of the specific cut-off diameters of DES should guide selection 
of the most suitable stent for the individual patient’s anatomy.  

OSTIAL/MID-SHAFT
WITH PLANNED STENTING

 LIMITED TO LM

Target left main lesion

DISEASE INVOLVING 
THE DISTAL LM

Wires in both the main vessel 
and the side branch 

according to “jailed wire technique”, 
�r st attempt with workhose wire in routine cases

Reshape the guidewire tip 
(consider soft tip wires with 

increased torquability or lubricity)

Wiring attempt using the support 
of single, dual lumen 

or de�ectable microcatheters

Consider plaque debulking
(with rotablator if calci� c lesion)

Main vessel balloon predilation
(consider undersized, 

non-compliant balloons)

One wire in the main 
vessel only

If unsuccessful

If unsuccessful

If unsuccessful

If unsuccessful

Figure 3. Wiring technique escalation for difficult branch access in 
left main PCI.

Table 2. Maximal stent expansion of some contemporary DES 
according to the manufacturers’ instructions for use (IFU).

DES type DES sizes
Maximal expansion 

according to IFU

XIENCE Sierra 2.25-3.25 mm 3.75 mm

3.5-4.0 mm 5.50 mm

Resolute Onyx 2.25-2.5 mm 3.25 mm

2.75-3.0 mm 3.75 mm

3.5-4.0 mm 4.75 mm

4.5-5.0 mm 5.75 mm

SYNERGY 2.25-2.75 mm 3.50 mm

3.0-3.5 mm 4.25 mm

4.0 mm 5.75 mm

Ultimaster 2.25-3.0 mm 3.50 mm*

3.5-4.0 mm 4.50 mm*

Orsiro 2.25-3.0 mm 3.50 mm

3.5-4.0 mm 4.50 mm

*manufacturer’s advice, not in IFU.
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Table 2 shows the maximal stent expansion of some contemporary 
DES according to the manufacturers’ instructions for use.

Of note, the LM is associated with a specific risk of long-
itudinal stent deformation25 due to interference with the guiding 
catheter, the occurrence of stent malapposition (before correction 
with POT) and the possible need for advancing devices through 
the implanted stent (to treat distal lesions or to perform intravas-
cular imaging). Accordingly, the resistance of the stent to long-
itudinal compression is a measurable parameter26 which may be 
taken into consideration during DES selection in specific LM 
interventions.

SUMMARY STATEMENT/RECOMMENDATIONS
– �Knowledge of DES platform characteristics is pivotal during 

LM stenting procedures.
– �DES should be selected and post-dilated (POT) in order to reach 

adequate matching with the individual patient’s anatomy.

Left main bifurcation stenting technique 
selection
NON-COMPLEX LEFT MAIN BIFURCATIONS
When the left main stem plaque involves one branch only (such 
as Medina 1,1,0 or 1,0,1), the stent strategy should aim to cover 
with a single stent from the most relevant and diseased vessel 
(usually the LAD, in selected cases the LCX) back into the main 
stem according to the provisional strategy11. Then, POT is rec-
ommended to be performed systematically. The selected stent 
should have sufficient length (8-9 mm) in the LM to accommo-
date an appropriately sized balloon needed for the POT post-
dilation11. This, coupled with the diffuse atherosclerosis pattern 
in the LM, implies a stent selection length allowing covering up 
the LM ostium in many cases. Of note, since LM ostium cover-
age is associated with higher risk of longitudinal stent deforma-
tion, maximal attention to prevent this complication is required. 
In particular, fast correction of malapposition by POT and maxi-
mal attention to catheter interference with protruding struts are 
mandatory.

Whether it is necessary to perform stent side-cell re-cross-
ing and eventual kissing balloon inflation after POT is cur-
rently unknown. Side branch ostium angiographic stenosis after 
MV stenting may be the result of “carina shift”, a phenomenon 
that may not imply functional perturbation. Expert consensus11 
suggests that kissing balloon inflation should be undertaken 
if a suboptimal result in the side branch ostium is clearly recog-
nised or the possibility exists for downstream PCI in the future. 
Therefore, in younger patients with a large subtended myocar-
dial mass or having the LAD selected as the secondary branch 
(stent implanted into LM-LCX), rewiring and kissing can be 
considered.

COMPLEX LEFT MAIN BIFURCATIONS
When both vessels are significantly diseased, the choice of 
stent technique is greater and the chances of needing to stent 

both LM branches are higher. The EBC consensus is that the 
vast majority of true bifurcation anatomies can be approached 
using a stepwise provisional technique which includes the poten-
tial to end with double stenting if needed11. Accordingly, if the 
two branches have comparable importance, the more diseased 
vessel should initially be stented from the branch back into the 
LM. The use of a side branch rescue balloon technique21 may 
increase the overall safety of this approach11. After side branch 
patency confirmation, POT should be undertaken systematically. 
The less diseased vessel should then be rewired and a kissing 
balloon inflation performed, using balloons that are sized 1:1 to 
the branch vessel diameters. Following this sequence, an accept-
able result on both branches may often be achieved. When this 
is not the case, a second stent can be implanted using a different 
strategy. Expert consensus suggests that T/TAP or culotte tech-
niques are adequate techniques for bail-out side branch stent-
ing11. Whenever a second stent is implanted, the performance 
of high-pressure kissing inflation is mandatory and may benefit 
from a “sequential” strategy where the two balloons are firstly 
individually dilated to high pressures (to ensure ostial LAD and 
LCX expansion), followed by a simultaneous balloon inflation 
at lower pressures (to avoid MV overstretch). Since kissing bal-
loon inflation is known to be associated with proximal stent seg-
ment oval shape deformation, repeat balloon post-dilation (called  
“re-POT”) is advisable whenever long kissing balloon overlap in 
the LM occurs.

Among different techniques for elective double stenting,  
“DK crush” has become increasingly popular since it reduces the 
final kissing inflation failure rate as compared with classic stent 
crushing. A recent trial conducted in centres experienced with 
this technique reported better one-year target vessel failure rates 
as compared with provisional stenting27. Of note, the provisional 
stenting protocol in this study differed from the above-mentioned 
“stepwise” approach since it permitted kissing balloon inflation 
and, eventually, further stenting only if the side branch had resid-
ual diameter stenosis >75%, dissection ≥type B, or TIMI flow 
grade <3 27.

Another large European randomised trial (EBC MAIN) is cur-
rently comparing the provisional approach (with a stepwise, 
side branch intervention protocol) versus a planned two-stent 
technique28.

As a final remark, the optimal treatment of patients with LM tri-
furcations is as yet undefined. However, as a general approach, the 
EBC suggests conducting PCI procedures with the aim of limiting 
the amount of stent metal implanted.

SUMMARY STATEMENT/RECOMMENDATIONS
– �In distal LM PCI, the stent technique should depend on the indi-

vidual patient’s anatomical characteristics, but POT is pivotal.
– �Provisional is the recommended technique for distal LM disease 

not involving both branches.
– �In LM disease involving both branches, the stent technique should 

depend on the individual patient’s anatomical characteristics and 
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the operator’s skill, but a stepwise provisional strategy may be 
effective.

– �The performance of high-pressure kissing balloon inflation is 
mandatory for double-stenting procedures.

Left main PCI result optimisation
Intracoronary imaging (IVUS, OCT) and functional (pressure wire-
based) assessments are useful to optimise the LM PCI. Their use 
seems justified in this setting as there is a relationship between sub-
optimal LM PCI results and adverse clinical outcomes. For instance, 
IVUS was extensively used in the EXCEL and NOBLE trials15,16.

Both IVUS and OCT can identify important intraprocedural 
stent features, such as stent underexpansion, strut malapposition 
or edge dissections, thus prompting further interventions to opti-
mise the final result.

As compared with angiographic guidance, IVUS-guided 
LM stenting has been found to be associated with a clinically 
detectable benefit29,30, so that its use is strongly recommended. 
Past IVUS experiences allowed recognising important cut-offs 
of post-PCI lumen dimensions which, if achieved, may predict 
favourable clinical outcomes29. For OCT guidance, data regard-
ing parameters to respect are just starting to be recognised31; 
however, no large study in the setting of LM is available. 
Automatically generated three-dimensional stent reconstructions 
highlight the potential for OCT as a promising tool to check 
important technical aspects in the course of LM bifurcation 
stenting such as abluminal guidewire tracking or stent side-cell 
rewiring identification (Figure 4).

In provisional procedures where the stent has been implanted 
from the LM to the LAD, LCX ostium stenosis severity is difficult 
to estimate. FFR has been reported to help in determining the need 
for further interventions32.

Improved processing (by advanced computational modelling) of 
intravascular imaging and pressure data has the potential to pro-
vide further data regarding LM PCI optimisation33.

SUMMARY STATEMENT/RECOMMENDATIONS
– �Intracoronary imaging and functional assessment may improve 

the decision-making process in the course of LM PCI.
– �The use of intracoronary imaging during LM PCI is recom-

mended whenever unexpected difficulties are encountered or the 
achievement of an optimal result is uncertain.

Patient follow-up after successful LM stenting
After successful LM stenting, the risk of the occurrence of clini-
cal events is tangible. Unfortunately, the optimal dual antiplatelet 
therapy regimen and the optimal follow-up modality are unknown, 
representing an important piece of missing knowledge. As a gen-
eral approach, the patients successfully treated by PCI on the LM 
should be treated by antiplatelet therapy selected according to 
the setting of clinical presentation, the overall risk of thrombotic 
events and the bleeding risk34.

During follow-up, LM PCI patients are a high-risk subset for 
adverse events and an invasive management is justified in the case 
of symptom recurrence or documented ischaemia. Furthermore, 
according to European guidelines7, in asymptomatic patients 

Figure 4. Examples of OCT three-dimensional reconstructions during complex left main bifurcation PCI. Panels A and B show, respectively, 
distal rewiring (black arrow) on angiography and 3D OCT reconstructions. Panel C shows the final result on angiography achieved with the 
culotte technique. Panels D and E show the optimal result as assessed by 3D OCT reconstructions.
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who previously underwent successful LM stent implantation, late 
(3-12 months) control angiography may be considered (Class IIB, 
level of evidence C), whereas non-invasive follow-up may be con-
sidered >2 years after PCI (Class IIB, level of evidence C).

Coronary CT angiography is an emergent technique allowing 
assessment of the patency of LM stents35, especially in selected 
patients where the risk of stent-related artefacts is considered low 
(large stent implanted, no stent overlaps, etc.) (Figure 5).

SUMMARY STATEMENT/RECOMMENDATIONS
– �After successful PCI on the LM, due to the absence of spe-

cific data, the antiplatelet therapy regimen should be prescribed 
according to the clinical presentation.

– �Intensive follow-up strategies can be considered for patients 
who have undergone successful LM PCI, especially when com-
plex procedures with double-stent techniques have been used.

Conclusion
PCI on unprotected LM represents an evolving field where both 
PCI team organisation and PCI performance may play a pivotal 
role. The present EBC consensus paper summarises an updated 
experts’ view on contemporary best practices for LM PCI.
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Figure 5. Example of coronary computed tomography angiography 
to assess late patency after successful PCI on unprotected LM. 
Panels A and B show the post-PCI results achieved after the 
provisional strategy (crossover stenting, POT, kissing balloon 
inflation, re-POT). Panels C and D show the stent patency docu-
mentation obtained by angio-CT scanning at long-term follow-up.
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