
7

[ TABLE OF CONTENTS ]

Intracoronary imaging techniques 
currently play a crucial role in the evaluation 
of calcified lesions, which are present in over 
30% of lesions requiring revascularization. 
These lesions are associated with a 
higher rate of both short- and long-
term cardiovascular events compared 
to noncalcified lesions(1,2). Furthermore, 
coronary calcification is more prevalent 
in patients of advanced age, those with a 
history of smoking, hypertension, diabetes, 
and chronic kidney disease. Calcification is 
also associated with greater plaque burden 
and anatomical complexity, including long 
lesions, vessel tortuosity, bifurcations, and 
chronic total occlusions(3-5). 

Percutaneous coronary intervention 
(PCI) of calcified lesions is associated 
with reduced stent expansion and 
increased r isk  of  per i-procedura l 
complications(5,6). After adjustment for 
clinical and anatomic factors, coronary 
calcification is an independent predictor 
of cardiovascular events, stent failure, need 
for revascularization of the treated lesion, 
myocardial infarction, and death(4,7,8). For 
these reasons, intracoronary imaging for 
plaque assessment is recommended to 

detect significant calcification, which may 
require plaque modification to prevent 
complications and stent underexpansion.

The use of intracoronary imaging 
techniques such as intravascular ultrasound 
(IVUS) or optical coherence tomography 
(OCT) is valuable for detecting, evaluating, 
and selecting plaque modification 
strategies. These imaging modalities 
contribute to achieve better results in 
terms of stent expansion, which is a key 
predictor of stent failure(9). International 
guidelines currently recommend the use of 
intracoronary imaging in the management 
of complex lesions(9-12). 

CORONARY CALCIFICATION DETECTION 
AND EVALUATION

Angiography has limited sensitivity 
for calcium detection and does not 
reliably identify the key features to 
decide the need and type of plaque 
modification techniques(2). The sensitivity 
of angiography ranges from 40% in mild 
calcifications to 85% in calcifications 
distributed across all four quadrants 
of the artery’s circumference. At least 
100 degrees of c ircumference are 
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necessary to reliably observe calcium 
with angiography(1,2). Both IVUS and OCT 
have a high sensitivity and specificity 
for calcium detection; they also allow the 
evaluation of the type of calcification 
and its extension, important features 
to determine treatment options(1,2,13). 
IVUS exhibits a sensitivity of 86.7% and 
a specificity of 93.3%, whereas OCT 
typically demonstrates a lower sensitivity 
of 77%, with variability depending on the 
operator’s experience with the imaging 
technique(14). Table 1 shows the differences 
between angiography, IVUS and OCT with 
respect to calcium detection. 

TYPES OF CALCIFICATION 
According to the calcification pattern, 

calcium plaques can be divided into:

1. Nodular pattern
When calcium protrudes into the lumen 

with nodular morphology and posterior 
shadow (Fig. 1).

2. Parietal pattern 
The parietal pattern allows the identifi-

cation of the following characteristics:

•	 According to circumferential extent:
a.	 Eccentric: when calcium covers 

< 180º of vessel circumference.
b.	 Concentric: when calcium covers 

> 180º of vessel circumference.
•	 According to depth:

a.	 Superficial calcium: when calcium is 
closer to the lumen than to the media. 
The fibrous cap is < 0.5 mm (Fig. 2).

b.	 Deep calcium: when calcium is closer 
to the adventitia than to the lumen. 
The fibrous cap is > 0.5 mm. If the 
calcium is very deep, the internal 
border, but not the external border, 
can be identified (Fig. 3).

•	 According to the longitudinal extent: 
which can be measured in the longitudinal 
projection of both intracoronary imaging 
techniques. Plaques with calcium extent 
> 5.0 mm in length are prone to stent 
underexpansion. 
Calcium produces posterior acoustic 

shadowing in IVUS, making it difficult to 
assess its thickness directly. As a surrogate 
marker, the presence of reverberations in 
IVUS has been linked to the presence of 
superficial thin calcium (< 0.5 mm). However, 
this association is controversial. In contrast, 

TABLE 1. Comparison of imaging techniques for the detection, characterization and 
quantification of calcium

Type of lesion Angiography IVUS OCT

Lesion with moderate calcium content

Lesion with high calcium content

Plaque with necrotic core

Depth

Length

Calcium arc

Deep calcium

IVUS: Intravascular Ultrasound; OCT: Optical Coherence Tomography.
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Figure 1. Nodular 
pattern. A and B) OCT. 
C and D) IVUS.

Figure 2. Parietal 
pattern – superficial 
calcium. A and B) OCT. 
C and D) IVUS.
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parietal calcium in OCT does not produce 
posterior shadowing, allowing for more 
accurate thickness assessment(13). Nodular 
calcium however produces shadowing with 
both techniques (IVUS and OCT).

Calcium quantification scores have 
been developed, both for IVUS and OCT, 
to predict the risk of stent underexpansion. 
The IVUS-based score of  ca lc ium 
quantification includes 4 parameters (Fig. 
4): > 5 mm in length with calcium arc > 270º 
(1 point), calcium arc > 360º (1 point), 
presence of calcified nodule (1 point), and 
adjacent vessel smaller than 3.5 mm (1 
point). A score ≥ 2 suggests the need to 
perform a plaque modification technique 
prior to stenting(15). 

The OCT-based score includes 3 
parameters (Fig. 5): calcium arc > 180º (2 
points), calcium length > 5 mm (1 point) 
and calcium thickness > 0.5 mm (1 point). 
Lesions with a score > 2 are at risk of 
stent underexpansion if adequate plaque 
preparation is not performed(3). 

SELECTION OF PLAQUE 
MODIFICATION TECHNIQUE BASED ON 
INTRACORONARY IMAGING

Eva l u a t i n g  t h e  m o r p h o l o g i ca l 
characteristics and calcium thickness 
through intracoronary imaging enables the 
selection of the most efficient technique 
and the assessment of plaque modification 
outcomes before stent implantation, 
ensuring adequate expansion. Several 
algorithms to assist in guiding the 

Figure 3. Parietal pattern – deep calcium. A and B) OCT. C) IVUS.

Figure 4. IVUS calcium quantification score.

A CB

Fibrous cap > 0.5 mm

≥ 2 points
High risk of stent under-expansion

Atherectomy recommended

Calcium arc > 270º
over > 5 mm

in length 

Circumferential
calcium 
(360°)

Calcium nodule

Vessel diameter
< 3.5 mm

1 point

1 point

1 point

1 point
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modification of calcified plaque have 
been published. However, evidence from 
comparative studies on these algorithms 
remains very limited(8,16). What coincides 
among these algorithms is the use of 
techniques such as rotational atherectomy 
and excimer laser for lesions in which it is 
not possible to cross a device.

In general, those lesions in which the 
calcium does not have risk criteria for 
underexpansion (arc < 180º, longitudinally 
extending < 5 mm and thickness < 0.5 
mm) can be adequately modified using 
high-pressure balloons or modified 
balloons (scoring or cutting). When the 
plaque calcification has risk criteria for 
stent underexpansion or a calcium nodule 
exists, more advanced plaque modification 
techniques such as atherectomy (rotational 
or orbital), intravascular lithotripsy, laser 
or double-layer balloons (OPN) will be 
necessary. 

Calcium depth is a crucial factor in 
selecting the appropriate technique for 

plaque modification. This is especially 
significant as certain techniques, like 
atherectomy, primarily target superficial 
rather than deep plaque portions. Currently, 
several ongoing studies are investigating 
the efficacy of each technique in treating 
different patterns of calcium, which will 
provide more robust evidence for selecting 
image-based preparation methods for 
calcified plaques.

An essential aspect of employing 
imaging in calcified lesions is evaluating 
the effectiveness of the chosen technique 
to ensure sufficient calcium modification 
before stent implantation.

The effect of the different plaque 
modification techniques (dissection, 
fracture ,  fi l ing)  depends on their 
mechanism of action:
a.	 Non-compliant balloons (NC)(17): NC 

balloons enhance arterial compliance 
by creating fractures in thin superficial 
calcium, inducing dissections in the 
transition zones between calcified 

≥ 2 points
High risk of stent under-expansion
Plaque modification recommended

Nódulo de calcio

Calcium arc

Calcium
thickness

Calcium
length

≤ 180º = 0 points
> 180º = 2 points

≤ 0.5 mm = 0 points
> 0.5 mm = 1 point

≤ 5 mm = 0 points
> 5 mm = 1 point

Figure 5. OCT calcium quantification 
score.
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lesions and fibrot ic t issue,  and 
promoting extension of the media and 
adventitia. This ultimately leads to an 
increase in arterial lumen size(18) (Fig. 6).

b.	 Cutting/scoring bal loons:  these 
balloons are equipped with spiral 
nitinol atherotomes or strings, which 
create longitudinal plaque incisions. 
This promotes the controlled creation 
of dissections rather than uncontrolled 
plaque disruption. They are used 
as a plaque modification technique, 
particularly effective for calcium with a 
superficial pattern, and exhibit greater 
modification power when calcium is 
concentric(19,20) (Fig. 7).

c.	 Rotational atherectomy: produces 
uniform tissue modification, generating 
a concavity with polished edges(21). 

Rotational atherectomy primarily 
reduces the thickness of calcified plaque 
through filing, rather than creating 
fractures directly. This process prepares 
the plaque for subsequent fracture 
using balloons. It could be beneficial in 
cases of calcium with a thick superficial 
pattern and nodular pattern(22) (Fig. 8).

d.	 Intravascular Coronary Lithotripsy 
(IVL): uses pressurized sonic waves to 
break up calcific deposits within the 
coronary artery, with minimal impact on 
other structures of the arterial wall. Its 
primary mechanism involves creating 
fractures in the calcified plaque. IVL 
is particularly useful for modifying 
a thick calcium pattern that may be 
resistant to other plaque modification 
technologies(23-26) (Fig. 9).

Figure 6. Non-
compliant balloon.
A) OCT. B) IVUS.

Figure 7. Cutting
balloon. A) OCT. B) IVUS.
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Dissection

Dissection

Dissection

B

B



13Intracoronary imaging techniques for the diagnosis of calcified lesions

[ TABLE OF CONTENTS ]

e.	 NC OPN balloons: these are non-
compliant balloons with a double 
coating that allows them to reach 
pressures over 35 atmospheres. Their 
mechanism of action is similar to NC 
balloons, but the double layer gives 
them resistance to rupture, which 
can cause fractures in thick calcified 
plaques, expansion of the vascular 
lumen and tissue dissection. They 
represent a useful tool in calcium with 
a thick concentric pattern(27-29) (Fig. 10).

OPTIMIZATION OF STENT 
IMPLANTATION BASED ON 
INTRACORONARY IMAGING

Intracoronary imaging enables the 
assessment of the outcome of calcium 
plaque modification, considering factors 

such as the presence of calcium fractures, 
their depth, and arrangement in the plaque 

Figure 8. Rotational 
atherectomy. A) OCT. 
B) IVUS.

Figure 9. Intravascular 
lithotripsy. A) OCT. B) 
IVUS.

Figure 10. NC Balloon OPN. OCT.
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circumference. Evaluating the outcome 
before stent implantation enables the 
assessment of the need to employ a plaque 
modification strategy that may require the 
use of other available devices mentioned 
in this chapter. 

Similar to non-calcified plaques, 
intracoronary imaging is invaluable for 
accurately selecting the appropriate stent 
based on vessel diameter and the length 
of the lesion. It also aids in assessing 
stent apposition and expansion, as well as 
identifying and addressing any dissections 
or residual disease at the proximal 
and distal edges. Stent expansion, the 
parameter most strongly related to stent 
failure, is especially relevant in calcified 
lesions with expansion-resistant plaques(9). 

It is crucial to recognize that PCI in 
plaques with severe calcification are 
complex procedures. The use of plaque 
modification devices can lead to long 
dissections and deep fractures, thereby 

increasing the likelihood of residual minor 
dissections. Evidence of malapposition of 
the stent struts in segments with fractures 
may also occur, along with difficulties in 
achieving expansion within the acceptable 
range (80-90%) (Figs. 11 and 12).
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