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Intravascular Imaging  
for All
The current state of play for IVUS and OCT guidance in PCI. 

By Daniel Chamié, MD, PhD, and Hiram Bezerra, MD, PhD

Intracoronary imaging, represented by intravascular ultra-
sound (IVUS) and optical coherence tomography (OCT), 
provides accurate and complementary information to the 
visual estimation of coronary angiography for planning 

and optimizing percutaneous coronary intervention (PCI). 
Recognition of the underlying target lesion components 
and characteristics that need special preparation, identifica-
tion of adequate vascular references that ensure complete 
lesion coverage and offer safe landing zones for the edges of 
the stent that will be implanted, and accurate vessel sizing 
for optimal selection of balloons/stent diameters are key 
information provided by intravascular imaging in the pre-
procedural PCI planning. Postprocedural imaging allows for 
evaluation of the PCI results and identification of potentially 
harmful complications that need correction/optimization. 
A large body of evidence from observational studies, ran-
domized controlled trials, and meta-analyses consistently 
supports better acute procedure and long-term benefits of 
intravascular image-guided PCI.1-7

Nonetheless, the adoption of intravascular imaging is lim-
ited in clinical practice.8 Standing out among the multiple 
reasons for such limited adoption are the learning curve 
for image interpretation, lack of clear guidelines on how 
to use intravascular imaging for optimal PCI guidance, and 
unclear guidelines on how to manage post-PCI findings. In 
this article, we provide a concise summary on how to use 
intravascular imaging for PCI guidance and optimization, 
discussing the practical differences between IVUS and OCT 
whenever applicable. 

GENERAL CONSIDERATIONS ON PCI 
GUIDANCE

Historically, most of the IVUS literature has focused on 
poststent assessment describing what would be the cri-
teria for an optimal PCI result. Little focus was dedicated 
on pre-PCI planning and guidance, which reflects the way 
intravascular imaging is currently being used—mostly, for 
assessment of procedural results after stenting.8 Although 
this approach offers the opportunity to optimize the pro-

cedure, the planning strategy is overlooked and restricted 
to the inherent limitations of angiography. It is our opinion 
that preprocedural imaging is as important as the post-
procedure assessment, and its importance should not be 
underestimated. 

In an all-comers series, we initially described the value of 
OCT on procedure planning. In this analysis, the original 
PCI strategy based on angiographic information alone was 
significantly changed in 81.8% of the cases after pre-PCI OCT 
information was gathered.9 The high impact of pre-PCI OCT 
was similarly reproduced in subsequent series.10,11 

Originally described to overcome this misconception 
and offer a prescriptive algorithmic use of OCT, the mne-
monic MLD MAX (morphology, length, diameter, medial 
dissection, apposition, and expansion) standardizes the 
use of intravascular imaging across the multiple phases of 
PCI.11 This approach can be applied to both OCT and IVUS. 
Throughout the next paragraphs, we will discuss the use of 
intravascular imaging for PCI guidance and optimization 
with emphasis on pre- and post-PCI assessments. 

PREPROCEDURAL IMAGING
Plaque Morphology and Characteristics

Extensive calcification of the target lesion is an important 
determinant of stent underexpansion, which is a predic-
tor of subacute and late adverse events. IVUS is sensitive in 
detecting calcium, but because ultrasound cannot penetrate 
calcium, quantifications derived from IVUS are limited to 
the circumferential distribution of calcium and its longitu-
dinal length. Calcium depth is visually determined as super-
ficial (close to the lumen) or deep (away from the lumen). 
Conversely, infrared light can penetrate calcium. Therefore, 
OCT allows more accurate quantifications of coronary cal-
cification, such as circumferential distribution, longitudinal 
length, calcium thickness, calcium area, and distance from 
the lumen (Figure 1). 

Achievement of calcium fracture is associated with great-
er stent expansion and larger luminal gain. Calcium with 
a wide circumferential arc and low thickness can be easily 
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fractured by noncompliant balloon dilatation. Thresholds 
of 227° of calcium arc and 0.67 mm of calcium thickness 
predicted calcium fracture in a small study.12 A recently vali-
dated OCT-based calcium score assigns two points for maxi-
mum calcium angle > 180°, one point for maximum calcium 
thickness > 0.5 mm, and one point for longitudinal length 
> 5 mm. Significantly lower stent expansions were observed 
in cases where all factors were present (four points).13

Calcified nodules have unique morphology in which 
nodular calcification protrudes into the lumen. Although 
associated with plaque instability due to fibrous cap disrup-
tion with overlying thrombus, it can also challenge advance-
ment and adequate expansion of coronary stents. Although 
the best modality for the preparation of protruding calcified 
nodules is uncertain, identifying areas of nodular calcifica-
tion and confirming calcium fracture or modification before 
stent implantation is key for optimal stent expansion.

Identification of Landing Zones (Length)
Target vessel references intended for stent landing zones 

should be selected with the aim to achieve maximum stent 
expansion for the intended target vessel dimension in a safe 
manner and ensure complete lesion coverage. Ideally, the 
landing zones should be free of disease. Due to the diffuse 
nature of atherosclerosis, one should look for the most “nor-
mal-looking” regions (ie, less atherosclerotic disease) with 
the largest lumen areas in the segments distal and proximal 
to the target stenosis. Landing stent borders in a region with 
a plaque burden > 50% as determined by IVUS14 and in 
lipid-rich regions as determined by OCT15 have been associ-

ated with stent edge dissection, 
postprocedural myocardial 
infarction, and restenosis—and 
should be avoided. We previ-
ously identified the presence 
of thin-cap fibroatheroma 
and the arc of calcification at 
the intended landing zones as 
independent predictors for the 
occurrence of stent edge dis-
sections.15 When those features 
are present, and better landing 
zones are not available, choice 
of stent diameter should be 
more conservative. Balloon 
postdilatation should be kept 
away from the stent edges, and 
care should be applied with 
high-pressure inflations close to 
stent edges. 

The lumen profile display 
on the OCT software provides 
a planar lumenogram of the 

target vessel, incorporating multiplanar reconstruction of 
automated lumen segmentation. This tool enables easier 
identification of the target length. 

Coregistration of intracoronary imaging and angiography 
is possible with both OCT and IVUS and increases precision 
in the location of the intended landing zones on the angio-
gram, minimizing the risk of geographic miss.16

Diameter
Appropriate reference vessel sizing is crucial for the selec-

tion of optimal stent and postdilation balloon diameter to 
maximize stent expansion and lumen gain. IVUS-guided 
stent and postdilatation balloon sizing have been based 
on the reference lumen areas or the external elastic lamina 
(EEL) diameter measured at the reference or lumen sites, 
rounded down by 0.25 to 0.5 mm. 

Early OCT experience used reference lumen dimensions 
for stent sizing. This resulted in smaller devices and smaller 
post-PCI minimum stent area (MSA) as compared to stents 
sized by the reference EEL with IVUS.17,18 The ILUMIEN III 
and iSIGHT randomized trials demonstrated final MSA and 
stent expansion with an EEL-based stent sizing approach to 
be noninferior to those achieved under IVUS guidance.19,20 

Figure 2 presents the several approaches proposed for stent 
and adjunctive balloon diameter selection. 

POSTPROCEDURAL IMAGING
Stent Edge Dissection

Large edge dissections by IVUS have been associated with 
early adverse events. In the ADAPT-DES study, oversizing 

Figure 1.  Quantification of coronary calcification. IVUS image of a circumferential and 
superficial calcification (A). An OCT image of a circumferential calcification (B). As infra-
red light travels through calcium, it is possible to quantify the calcium area, the calcifica-
tion thickness (double arrowhead points to the thickest portion), and the distance from 
the lumen. Opposite to previous knowledge, this superficial and circumferential calcifica-
tion, with a maximum thickness of 460 mm, can be easily fractured with noncompliant 
balloon inflation. 
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of the stent borders to its respective reference, presence 
of great plaque burden at the stent edge, and amount of 
calcium or attenuated plaque were associated with edge dis-
sections. When left untreated, dissections with a lumen area 
< 5 mm2, dissection length > 3 mm, and the radial extent of 
the dissection flap > 60° were associated with target lesion 
revascularization.21

In an OCT analysis of 395 stent edges, we identified edge 
dissections in 37.8% of treated lesions, of which > 50% 
extended deeply into the media/adventitia layer. Key inde-
pendent predictors for edge dissections were presence of 
atherosclerotic plaque or thin-cap fibroatheroma at the 
vessel reference, minimum fibrous cap thickness in lipidic 
plaques, circumferential arc of calcified plaques, eccentric-
ity of the stent border and reference lumen, and oversizing 
of the stent border to the vessel reference. Because there 
was not a prespecified management protocol, dissec-
tions were managed according to the operator’s discre-
tion. Thus, the more severe dissections could have been 
treated, and a similar 1-year major adverse cardiac events 
(MACE) was found between patients with untreated edge 
dissections and those without dissections. Furthermore, 
among multiple analyzed morphometric parameters, 
none predicted adverse events.15 In the CLI-OPCI registry, 
a dissection flap opening > 200 mm at the distal but not 
at the proximal edge emerged as an independent predic-

tor of MACE (hazard 
ratio, 2.5).22 Another 
report identified cav-
ity depth at the distal 
edge, reference lumen 
area at the proximal 
edge, and overall 
dissection length as 
predictors of 1-year 
MACE.23

Stent Apposition
Stent malapposition 

(lack of stent-vessel 
wall contact) is com-
monly found acutely 
after PCI and is seen 
in approximately 15% 
of PCI as determined 
by IVUS.24 Due to its 
superior resolution 
and flushing of the 
vascular lumen dur-
ing image acquisition, 
acute malapposition 
is more frequently 
identified by OCT 

in approximately 50% of cases.22 Although experimental 
evidence links large (> 300 mm) acute malapposition 
with delayed strut healing,25 there is no consistent evi-
dence suggesting acute stent malapposition is associated 
with adverse events in the absence of concomitant stent 
underexpansion. 

Despite the lack of robust evidence, the current Expert 
Consensus Document of the European Association of 
Percutaneous Cardiovascular Interventions recommends 
thresholds for corrective postdilation for acute malapposi-
tions with strut separation from the vessel wall > 0.4 mm 
and with longitudinal extension > 1 mm.26 Some specific sit-
uations might benefit from a more liberal approach such as 
bifurcation PCI, in which stent deformation can occur if wire 
recrossing and ballooning toward the side branch occurs 
behind the main vessel struts.27 The automated apposition 
map and three-dimensional (3D) representation of stent 
malapposition available on the OCT software is a useful tool 
for a quick and comprehensive evaluation of the axial and 
longitudinal extent of malappositions.

 
Stent Expansion

Stent underexpansion is the major predictor of stent 
failure. Stent expansion is calculated as the MSA either as a 
single measure (absolute expansion) or compared relative to 
the vascular reference (relative expansion). 

Figure 2.  Approaches for landing zone selection and stent sizing. Criteria for IVUS and OCT deter-
minations of appropriate landing zones (A). Different approaches for vessel reference sizing by 
IVUS and OCT, from the least to the most “aggressive” (B). Criteria for stent sizing based on the 
previous reference sizing (C).
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IVUS studies have consistently shown that a final post-
PCI MSA of approximately 5.5 mm2 best discriminates 
subsequent adverse events in non–left main lesions. More 
recent OCT data identified an MSA > 5.44 mm2 to predict 
post-PCI fractional flow reserve (FFR) > 0.90 and > 4.5 mm2 
to predict MACE.22,28

Although absolute MSA is associated with improved 
long-term stent patency and lower risk of stent failure,29,30 
this metric is limited in individual cases with varying refer-
ence vessel sizes. It does not apply for different expansions 
needed in tapered vessels nor does it capture multiple sites 

of underexpansion 
along the treated 
segment. As a result, 
the relative expan-
sion normalizes the 
MSA to the reference 
vessel, aiming to pro-
vide a more realistic 
metric of how large 
the MSA is relative to 
that particular ves-
sel. Nonetheless, the 
calculation of relative 
expansion varies con-
siderably depending 
on the vessel reference 
selected for com-
parison. The vessel 
reference lumen area 
can be determined at 
the distal, proximal, or 
average of both refer-
ences. Furthermore, 
the optimal cutoff 
of relative expansion 
has not been robustly 
determined. Targets 
for optimal stent 
expansion have con-
sidered MSA > 100% 
of the distal reference 
lumen area or > 80% 
or > 90% of the aver-
age reference lumen 
area. In an IVUS study 
on long lesions, the 
presence of an MSA 
greater than the distal 
reference lumen area 
(> 100%) was associ-
ated with a very low 
(1.5%) 1-year event 

rate.1 In the iSIGHT20 and OPINION18 trials, optimal stent 
expansions were defined as an MSA > 90% of the average 
reference lumen area in both the IVUS and OCT arms. 
In the ILUMIEN III19 trial, the stent was divided into two 
halves, and the MSA of each half was compared with its 
corresponding reference; an MSA ≥ 95% than the reference 
lumen area was considered optimal, and ≥ 90% was consid-
ered acceptable. Currently, the Expert Consensus Document 
of the European Association of Percutaneous Cardiovascular 
Interventions supports the use of both an absolute MSA 
(> 5.5 mm2 as determined by IVUS and > 4.5 mm2 as 

Figure 3.  Assessment of stent expansion. A 2.75- X 48-mm stent was implanted in the proximal-
to-mid left anterior descending artery (LAD; provisional strategy to the first diagonal branch). 
Postdilatation of the stent was performed with a 2.75- X 12-mm noncompliant balloon inflated at 
28 atm. Proximal optimization was performed with a 3.5- X 8-mm noncompliant balloon inflated at 
24 atm. Post-PCI angiogram recorded during OCT acquisition (A). Lumen profile and longitudinal 
views of the post-PCI OCT (B). Images “a” through “e” indicate OCT cross-sections of the sites indi-
cated on the angiogram and longitudinal images. The MSA was 3.60 mm2 (cross-section c), which 
corresponded to 20.4% underexpansion compared to the distal reference lumen area (4.52 mm2; 
cross-section a). The novel volumetric expansion mode (C). The MSA is located in the distal stent 
segment (double yellow arrows). However, the MEI measured 68% in the stent segment proxi-
mal to the bifurcation (red arrows). Volumetric expansion is color-coded as white (MEI > 90%), 
yellow (MEI, 80%-90%), and red (MEI < 80%). Note the long segment of underexpansion in the 
proximal stent was far away from the MSA, in a region where the stent areas were much larger 
than the MSA and would not be captured by conventional ways of quantifying stent expansion. 
Optimization with 3- X 12-mm and 3.75- X 8-mm noncompliant balloons was performed in the dis-
tal and proximal stent segments, respectively. Significant improvement of the MSA (4.18 mm2) in 
the distal stent segment and resolution of the underexpansion in the proximal stent segment (MEI, 
99%) (D). AS, area stenosis; DS, diameter stenosis; EXP, expansion; MLA, minmum lumen area. 

A B

C

a

a b c d e

d
e

c
b a

b c d e

D



P C I

40 CARDIAC INTERVENTIONS TODAY JANUARY/FEBRUARY 2022 VOL. 16, NO. 1

determined by OCT) and relative expansion (MSA/average 
reference lumen area > 80%) as criteria for optimum stent 
expansion.26

It is our opinion that each of the previously men-
tioned expansion criteria has inherent limitations. They 
can underestimate expansions in tapered vessels and do 
not reflect global stent expansions or capture multifocal 
regions of underexpansions. A recently proposed volumet-
ric stent expansion creates an ideal lumen profile along 
the stented segment resultant from an adaptive reference 
profile computed using the natural vessel taper due to side 
branch ramifications, according to the Huo-Kassab model. 

A major side branch is defined 
as having a radius > 0.50 mm. 
Each frame along the stented 
segment is assigned a normal-
ized expansion index, calculated 
as (actual in-stent lumen area/
ideal lumen area) X 100. The 
minimum expansion index 
(MEI) is automatically identi-
fied at the site with the lowest 
expansion index. This model 
(incorporated in the OCT soft-
ware as the “tapered mode”) 
showed a better correlation 
with post-PCI FFR than the 
conventional relative expansion. 
Multivariable analysis identified 
severe (≤ 73.3%) MEI as the 
only independent predictor of 
device-oriented composite end-
points, while absolute MSA and 
relative expansion were not. 
Future prospective studies are 
necessary to establish the prog-
nostic role of MEI.31 Figure 3 
presents the various ways of 
assessing stent expansion.

INTRAVASCULAR 
IMAGING IN SPECIFIC 
SCENARIOS

Due to the need for contrast 
injection for proper image 
acquisition, assessment of aortic-
ostial lesions is more difficult 
with OCT, although it is possible 
in some cases. IVUS is more 
straightforward in this setting 
(Figure 4).

Characterization of bifurca-
tion lesions is recommended with imaging pullbacks from 
both the main and side branches. OCT offers a 3D view of 
the coronary bifurcation aligned perpendicular to the side 
branch, making it possible to characterize the side branch 
ostium from the main branch pullback without the need 
for instrumentation of the side branch (Figure 4). While 
qualitative and visual inspection is available in the cur-
rently available software for clinical use, quantification of 
the side branch ostium has been made possible in research 
applications.32 

During chronic total occlusion (CTO) PCI, intravascular 
imaging can resolve proximal cap ambiguity, determine the 

Figure 4.  Intravascular imaging in specific scenarios. IVUS evaluation of a left main 
coronary artery (LMCA) lesion pre-PCI (A). Note the visualization of the distal bifurcation 
and the LMCA ostium. OCT evaluation of an ambiguous ostial LMCA lesion (B). Note that 
despite the need for disengagement of the guiding catheter, adequate visualization 
of the entire LMCA length (including the ostium) was possible. Positioning of the guid-
ing catheter close to the LMCA ostium in a coaxial manner is key. A 3D-OCT evaluation 
of an LMCA trifurcation after stenting the LMCA toward the LAD (provisional strategy 
to both the ramus and left circumflex [LCx]) (C). Note the single strut crossing over the 
ramus ostium while the LCx ostium is entirely positioned in an opening of the stent cell. 
Adequate flow areas are seen in both branches’ ostia. Dual injection showing a long 
right coronary artery CTO, approached with antegrade wire escalation (D). IVUS assess-
ment demonstrated subintimal crossing of the first wire. Note the true lumen (yellow 
asterisk) compressed by the hematoma. Parallel wiring reached the distal true lumen, 
and the case was successfully concluded.
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course of the wire across different vascular compartments, 
confirm the wire is in the distal true lumen before stenting, 
and facilitate re-entry into the true lumen after subintimal 
wiring. This is preferably done with IVUS (Figure 4). OCT 
carries the potential risk of enlarging and extending dissec-
tions and subintimal hematomas during high-pressure con-
trast injection, and imaging may not be optimal if proper 
antegrade flow has not been restored. For PCI guidance after 
the CTO has been open and poststent evaluation, IVUS and 
OCT are equally useful. 

IVUS is ideal for zero-contrast or ultra-low–contrast PCI 
in severe chronic kidney disease patients, although saline 
OCT acquisitions with angio-coregistration are possible in 
some cases. 

CONCLUSION
A wealth of data supports the use of intravascular imag-

ing to improve PCI results and clinical outcomes in all com-
ers, with even more pronounced effects in high-risk patients 
and complex lesions. Consequently, intravascular imaging 
should be used in a much higher proportion of PCIs in clini-
cal practice. Operators should adopt a systematic workflow 
for intravascular imaging use, be familiar with the inherent 
differences between IVUS and OCT, and choose the modal-
ity that one is more comfortable with.  n 
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