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Background: Spotty calcification is a morphological characteristic of a vulnerable plaque phenotype. While
this calcium pattern is considered an active process, promoted by inflammation, it is unknown whether spotty
calcification associates with development of microstructures observed in vulnerable plaques. As frequency-
domain optical coherence tomography (FD-OCT) enables visualization of microstructures associated with
plaque vulnerability, we investigated the association between spotty calcification and plaque microstructures
by using FD-OCT.

Methods: A total of 300 patients with stable coronary artery disease (CAD), having clinical indication for
percutaneous coronary intervention (PCI), were analyzed. Totally 280 non-culprit lipid plaques within the
target vessel requiring PCI were evaluated by FD-OCT. Spotty calcification was defined as a presence of
lesion <4 mm in length, containing an arc of calcification <90° on FD-OCT. Plaque microstructures were
compared in non-culprit lipid-rich plaques with and without spotty calcification.

Results: Spotty calcification was observed in 39.6% of non-culprit lipid-rich plaques, with 30.6% of these
plaques demonstrating multiple spotty calcifications. Plaques containing spotty calcification exhibited a
greater lipid index (= averaged lipid arc x lipid length); 1,511.8+1,522.3 vs. 815.2+1,040.3 mm°®, P<0.0001),
thinner fibrous caps (89.0+31.6 vs. 136.5£32.5 ym, P=0.002) and a higher prevalence of microchannels (45.9%
vs. 17.7%, P=0.007). A significant association was observed between the number of spotty calcifications
per plaque and fibrous cap thickness (r=-0.40, P=0.006). Increased number of spotty calcification was also
associated with a higher prevalence of microchannel within plaques (P=0.01).

Conclusions: In patients with stable CAD requiring PCI, the presence of spotty calcification imaged by
FD-OCT was associated with features of greater plaque vulnerability.
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Introduction

Arterial calcification has been demonstrated to associate
with an increased risk of cardiovascular events (1,2).
Calcified plaque has been traditionally considered as a
passive degenerative and quiescent form of disease, resulting
from similar mechanisms to that of bone development (1).
This concept has been supported by previous observations
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which plaque calcification is more prevalent in stable
patients with coronary artery disease (CAD) (3-5) and is
less likely to change despite anti-atherosclerotic medical
therapies (6). However, recent molecular imaging studies
have shown that arterial calcification can also reflect
an active process stimulated by inflammation (7-11).

Inflammatory cytokines contributed to early stages of
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plaque calcification by activating osteogenic differentiation
and mineralization of vascular cells (9). TNNF-alpha has been
reported to enhance vascular calcification by promoting
osteoblastic differentiation of vascular cells (10). Moreover,
in advanced stages of calcification, increased mineralization
and decreased macrophages have been associated with
limited inflammation (9). These findings suggest that
inflammatory pathways play important roles in developing
early calcification.

Small amounts of calcium in a spotty distribution have
been demonstrated in culprit lesions of patients with acute
coronary events (12-15). Previous studies reported increased
biomechanical plaque stress due to calcification as a possible
mechanism of plaque rupture (16,17). However, given that
inflammation contributes to plaque instability in many
acute coronary events, the concept that spotty calcification
may activate inflammatory cytokines and affect plaque
morphology associated with plaque vulnerability has gained
increasing support.

Frequency-domain optical coherence tomography
(FD-OCT) is an intracoronary imaging modality with
a high resolution of 10 to 20 um that provides detailed
plaque microstructural information contributing to plaque
vulnerability (18-22). In the current study, we employed
FD-OCT to elucidate the association of spotty calcification
and plaque microstructures at non-culprit lesions assessed

by FD-OCT imaging in patients with stable CAD.

Materials and methods
Study population

We identified the current study subjects from The
Cleveland Clinic FD-OCT Registry. This is a single center
prospective registry to enroll clinically stable patients with
CAD undertaking FD-OCT imaging for the culprit vessel
prior to the scheduled percutaneous coronary intervention
(PCI). Patients are eligible for this registry if they are
clinically indicated for PCI due to having cardiac ischemic
symptom or evidence of suspected cardiac ischemia
demonstrated by electrocardiogram, echocardiography or
stress exercise test. Patients with acute coronary syndrome,
cardiogenic shock, chronic total occlusion within target
vessel, congestive heart failure, a left main disease, a
history of PCI within the culprit vessel and renal failure
are not enrolled. The current study included patients with
analyzable FD-OCT images of non-culprit lipid-rich
plaques within the target vessel for PCI. Of 308 patients
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in this registry, we excluded 3 patients due to poor image
quality and 5 patients having lesions in bypass grafts. The
remaining 300 stable CAD patients were analyzed in the
current study. The study was approved by the institutional
review board committee at the Cleveland Clinic and all
patients gave written informed consent before enrollment.

FD-OCT data acquisition

Intravascular FD-OCT imaging of the entire target vessel was
performed prior to PCI as previously described (23). Briefly,
following intracoronary administration of nitroglycerin
(0.5 mg), a FD-OCT (C7-XRTM OCT Intravascular
Imaging System; St. Jude Medical, St. Paul, Minnesota)
was advanced to the distal site of the target artery. The
FD-OCT pullback was performed at 20 mm/s during the
continuous injection of contrast media through the guiding
catheter. Multiple FD-OCT pullbacks were required to
image the entire of target vessel. Each FD-OCT imaged
segment was overlapped by using a side branch as a
landmark. The raw FD-OCT data were anonymized and
transferred to open-source software, Image] (INational
Institutes of Health, Bethesda, Maryland). All FD-OCT
images were analyzed at Atherosclerosis Imaging Core
Laboratory of Cleveland Clinic by experienced investigators
who were blinded to the clinical presentations. Any
discrepancies between the observers were resolved by
consensus.

FD-OCT data analysis

Non-culprit lipid plaques with diameter stenosis between
20% and 70% were analyzed. Culprit lesions were
identified by angiographic, electrocardiographic and
echocardiographic findings and non-invasive stress test
result. The non-culprit plaques were defined as any lesions
where PCI was not performed. Each plaque was separated
by at least 5 mm from the edge of any other plaque or
implanted stent edge. Lipid arc was measured in every
cross-sectional frame and then averaged. Lipid length was
recorded on a longitudinal view. Lipid index was defined
as the mean lipid arc multiplied by lipid length (24-27).
Calcification was defined as an area with low backscattering
signal and a sharp border within a plaque (23). Spotty
calcification was defined as the presence of lesions <4 mm in
length and containing an arc of calcification <90° according
to the definition of previous studies using grayscale
intravascular ultrasound (12,28) (Figure I1). The number of
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Figure 1 The representative images of plaque containing spotty calcification. (A) Coronary angiography demonstrated a non-culprit lesion

at mid of the right coronary artery (arrow); (B) the corresponding FD-OCT image presents spotty calcification (arrow heads) within lipid

plaque (L); (C) the thinnest fibrous cap (short arrow) was observed close to spotty calcification (arrow heads). Its thickness was 70 pm. FD-

OCT, frequency-domain optical coherence tomography.

spotty calcification within plaque was counted. The fibrous
cap thickness was defined as the minimum distance from
the coronary artery lumen to inner border of lipid (23). The
average of three measurements at its thinnest part was used
for the analysis. Thin-cap fibroatheroma was defined as a
plaque with lipid content in >2 quadrants and the thinnest
part of fibrous cap thickness <65 pm (23). A microchannel
was defined as signal-poor voids without a connection to
the vessel lumen recognized on more than three consecutive
cross-sectional OCT frames (22,23). Plaque rupture was
defined as the presence of fibrous cap discontinuity and
cavity formation in the plaque (23). Intracoronary thrombus
was identified as a mass protruding into the vessel lumen
from the surface of the vessel wall (23). Macrophage was
defined as linear high-intensity signals on plaque surfaces
accompanied by high attenuation. The inter- and intra-
observer differences for the measurements of calcium arc
were 1.2°+1.0° and 1.8°£1.5°, respectively. Intraobserver and
interobserver correlation coefficients for the measurement
of calcium arc were 0.99 and 0.96, respectively. The inter-
and intra-observer correlation coefficients and differences
for the measurement of fibrous cap thickness were 0.90 and
0.96, and 18£16 and 13«11 pm, respectively.

Statistical analysis

Continuous variables are expressed as mean = SD, and
categorical variables as numbers and percentage. The Chi-
square test was used to test for differences in categorical
variables between groups and continuous data were
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compared using unpaired 7-tests or Mann-Whitney log
rank tests when the variable was not normally distributed.
Relations between the maximum number of spotty
calcification and fibrous cap thickness were analyzed by
Spearman’s correlation coefficients. To compare FD-OCT
measures in plaques with and without spotty calcification,
Generalized Estimating Equations approach were used
to take into account the intraclass correlation due to the
multiple plaques analyzed within a single patient’s data. A
value of P<0.05 was considered significant. All statistical
analyses were performed using SAS software, version 9.1.3
(SAS Institute, Cary North Carolina).

Results
Patients’ demographics

Totally 123 patients (41.0%) had spotty calcification within
non-culprit lipid plaques. Baseline clinical characteristics
are summarized in 7ible 1. Patients with spotty calcification
were less likely to be obese. The use of anti-atherosclerotic
medical therapies and biochemistry measures are shown
in Table 2. Patients with spotty calcification had higher
triglyceride and lower high-density lipoprotein cholesterol
levels.

FD-OCT measures at non-culprit plaques containing
spotty calcification

We conducted single, double and triple vessel FD-OCT
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(%)

. Patients without spotty Patients with spotty
Variables o o P value
calcification (n=185) calcification (n=123)

Male (%) 140 (75.7) 92 (74.8) 0.75

Hypertension, n (%) 130 (70.3) 89 (72.4) 0.80

Diabetes, n (%) 64 (34.6) 45 (36.6) 0.80

Metabolic syndrome 78 (42.2) 49 (39.8) 0.79

A history of PCI, n (%) 34 (18.4) 21 (17.1) 0.87

Single vessel disease, n (%) 136 (73.5) 92 (74.8) 0.87

Triple vessel disease, n (%) 10 (5.4) 9(7.3) 0.82

. Patients without spotty Patients with spotty
Variables L - P value
calcification (n=185) calcification (n=123)

Biochemistry data
Total cholesterol (mmol/L) 4.4+1.2 4.4+1.1 0.96
Triglyceride (mmol/L) 1.1 (0.8,1.7) 1.4 (0.8, 2.8) 0.006
LDL-C (mmol/L) 2.5+1.0 2.4+0.8 0.55
HDL-C (mmol/L) 1.2+0.3 1.0+0.3 0.04
Fasting glucose (mmol/L) 6.9+3.5 7.2+2.6 0.59
Systolic BP (mmHg) 131.4+13.6 138.2+14.7 0.83

Diastolic BP (mmHg) 82.3+8.9 85.5+8.3 0.88
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Table 3 FD-OCT imaging procedural data for target vessels
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Patients without spotty

Patients with spotty

Variables o o P value
calcification (n=185) calcification (n=123)

Number of imaged vessels
Single vessel, n (%) 140 (75.7) 95 (77.2) 0.85
Double vessel, n (%) 35 (18.9) 19 (15.4) 0.78
Triple vessel, n (%) 10 (5.4) 8 (6.5) 0.89
Averaged number of pullbacks 2.1+0.5 2.3+0.4 0.80

Length of imaged vessels
LAD (mm) 85+14 82+11 0.62
LCX (mm) 48+11 52+10 0.50
RCA (mm) 90+21 88+18 0.75

FD-OCT, frequency-domain optical coherence tomography; LAD, left anterior descending artery; LCX, left circumflex artery; RCA,

right coronary artery.

imaging in 229, 52 and 18 patients, respectively (1able 3).
Throughout these imaging procedures, 280 non-culprit
lipid plaques were identified in the 387 target vessels
requiring PCIL. 39.6% (111/280) of these plaques contained
at least one spotty calcification. About 30.6% (34/111)
of those had multiple spotty calcifications within plaque.
Plaque-based analysis of FD-OCT measures in non-
culprit lipid plaques with and without spotty calcification
is summarized in Table 4. FD-OCT imaging demonstrated
that plaques with spotty calcification had larger lipid burden
reflected by lipid length and lipid index. Thinner fibrous
cap thickness and a higher prevalence of microchannels
and macrophages were also observed at non-culprit lipid
plaques with spotty calcification. The prevalence of thin-
cap fibroatheroma and plaque rupture was higher in
patients with spotty calcification although these were
statistically non-significant. A significant association was
observed between the number of spotty calcifications and
fibrous cap thickness (Figure 2). Increased number of spotty
calcification was also associated with higher prevalence of
microchannel within plaque (Figure 3).

The inter- and intra-observer differences for the
measurements of calcium arc were 1.2°+1.0° and 1.8°+1.5°,
respectively. Intraobserver and interobserver correlation
coefficients for the measurement of calcium arc were
0.99 and 0.96, respectively. The inter- and intra-observer
correlation coefficients and differences for the measurement
of fibrous cap thickness were 0.90 and 0.96, and 18+16 and
1311 pm, respectively.
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Statin and fibrous cap thickness of plaques containing
spotty calcium

The association of statin therapy with fibrous cap thickness of
plaques with and without spotty calcification is summarized
in Figure 4. The use of a statin was associated with a greater
fibrous cap thickness in plaques both with and without
spotty calcification.

Discussion

The current study demonstrated that spotty calcified lesions
exhibited vulnerable plaque features imaged by FD-OCT. In
particular, lesions had thinner fibrous cap if they contained
more number of spotty calcification. These findings
indicate the association of spotty calcification with plaque
microstructural characteristics of plaque vulnerability.
Recently, vascular calcification has been considered an
active participant in plaque development through its action
on macrophages. Secretion of the inflammatory cytokines
from macrophages promotes osteogenic transformation of
vascular cells and generates microcalcification (11,29-31).
In addition, a positive feed-back loop further stimulating
macrophage activation and mineralization produces spotty
calcification (7,32). Since macrophages render plaques
vulnerable to rupture (33,34), the macrophage-triggered
formation of spotty calcification would potentially promote
plaque vulnerability. In the current study, the presence of
spotty calcium within plaques was associated with larger
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Plaques without spotty calcification
(183 lipid plagues)

Variables

QCA parameters
Reference diameter (mm) 3.4+0.4
Minimum lesion diameter (mm) 1.4+0.2
Percent diameter stenosis (%) 39.1+15.4

Plaques with spotty calcification

. P value
(111 lipid plagues)

3.2+0.3 0.85
1.2+0.3 0.88
38.4+12.7 0.65

Spotty calcification
Spotty calcium number per plaques, n -
Spotty calcium length per plaques (mm) -
Average arc of spotty calcium (°) -

1.4+£0.7 -
1.3+0.9 -
31.6+12.8 -

lipid burden, thinner fibrous cap and higher frequency of
microchannels. Considering that activated macrophages
contribute to plaque growth, thinning fibrous cap and
inducing angiogenesis via secreted proinflammatory
cytokines (35-38), the FD-OCT derived vulnerable feature
of spotty calcified lesions might underscore the early plaque
calcification contributing to plaque instability.

Multiple depositions of spotty calcification were
associated with more profound vulnerable features.
Previous studies using grayscale intravascular ultrasound
reported that ruptured plaques and culprit lesions causing
acute myocardial infarction are more likely to contain
greater number of small calcium deposits which are short
in length (12,39). The formation of microcalcification
has been shown to provoke additional proinflammatory
responses, thereby stimulating plaque calcification (7,32).
As such, a greater number of spotty calcium would induce

© Cardiovascular Diagnosis and Therapy. All rights reserved.

more activated inflammation responses, leading to further
destabilizing plaques.

The current study also demonstrates the potential
importance of spotty calcium even in patients with stable

CAD, despite most reports focusing on patients with acute
coronary syndrome. FD-OCT imaging identified spotty
calcification at non-culprit lesions in 41% of stable patients.
Other studies using intravascular ultrasound and multi-slice
computed tomography have reported that 27% and 43% of
stable patients had spotty calcification at non-culprit lesions,
respectively (28,40). These findings suggest that spotty
calcification is not a rare plaque microstructure at non-
culprit lesions in patients with stable CAD. The possible
role of spotty calcification as an important feature of plaque
vulnerability in risk stratification of future ischemic events
needs to be addressed.

Coronary artery calcification has been considered
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Figure 2 The correlation between the number of spotty
calcification and fibrous cap thickness. The number of spotty
calcification was counted within each plaque. The fibrous cap
thickness was defined as the minimum distance from the coronary
artery lumen to inner border of lipid. The average of three

measurements at its thinnest part was used for the analysis.
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Prevalence of microchannel in plaques stratified according to the
number of spotty calcification. The number of spotty calcification

was counted within each plaque.
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Figure 4 Statin therapy and fibrous cap thickness. Fibrous cap
thickness of plaques with and without spotty calcification stratified

according to a statin.

to be resistant to statin therapy. Previous clinical trials
failed to prove the benefit of lowering LDL-C level by a
potent statin therapy in halting progression of coronary
artery calcification (41,42). We have already reported that
calcified plaques are less likely to changes in atheroma
burden under medical therapies including a statin (6).
These observations indicate difficulty in modifying
calcified lesions by medical therapies. However, the
current analysis showed that fibrous cap at spotty calcified
plaques favourably responded to a statin. Recent study
has demonstrated that spotty calcification is not quiescent
but an active stage of atherosclerosis associated with
inflammation (7). Given that a statin has the ability of
modulating inflammatory activities, this property might
contribute to favourable modification of fibrous cap even at
lesions containing spotty calcification. As such, the current
observation suggests that spotty calcified plaques might
be amenable to statin therapy. Also, this plaque phenotype
may be an important therapeutic target which requires
a statin to stabilize lesions, potentially leading to the
prevention of future cardiovascular events.

A number of caveats should be noted. We can not
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exclude the possibility of selection bias because patients
in our registry were selected for FD-OCT imaging by
the operator. Due to its shallow penetration depth of the
infra-red light beam, FD-OCT does not have enough
capabilities to measure necrotic core and plaque burden.
Also, shallow axial penetration of FD-OCT leads to
missing some compositional data, especially at the bottom
level of plaque. Although we used lipid index to evaluate
lipid amount within non-culprit plaques [25-27], this index
was not fully established and validated against histological
data. All patients underwent FD-OCT imaging in the
setting of a clinically indicated PCIL. It is unknown whether
similar findings would be observed in asymptomatic
individuals.

In summary, non-culprit lipid-rich plaques containing
spotty calcification exhibited vulnerable FD-OCT features
in patients with stable CAD requiring PCI. The greater
number of spotty calcification was associated with thinner
fibrous cap at non-culprit lipid-rich plaques. Our findings
may indicate the contribution of spotty calcification to the
enhanced plaque vulnerability.
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