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Abstracts

Aims: New markers to help stratify coronary atherosclerosis are needed. Although attempts have been made
to differentiate active lesions from those that are stable, none of these has ever been formalised into a dis-
criminatory score. The aim of this study was to analyse the differences between culprit ACS lesions and cul-
prit stable angina lesions with intravascular ultrasound-derived virtual histology and to construct and validate
a plaque score.

Methods and results: Prior to percutaneous coronary intervention (PCI), we performed volumetric, intra-
vascular ultrasound-derived virtual histology (IVUS-VH) analysis in acute coronary syndrome (ACS) culprit
lesions (AC - n=70) and stable angina culprit lesions (SC - n=35). A direct statistical comparison of [VUS-VH
data and multiple logistic regression analysis was undertaken. Four main factors were found to be associated
(p<0.05) with an AC lesion phenotype: necrotic core/dense calcium (NC/DC) ratio; minimum lumen area
<4 mm? (MLA <4); remodelling index @MLA >1.05 and VH-TCFA presence. Calculation of each logistic
regression coefficient and the equation produces an active plaque discrimination score with an AUC of 0.96
on receiver operating characteristics (ROC) analysis. Validation of the score in 50 independent plaques from

the Thoraxcenter in Rotterdam revealed an AUC of 0.71, confirming continued diagnostic ability.

Conclusions: We have found four features on IVUS and VH that can predict and discriminate ACS culprit
lesion phenotypes from those that are clinically stable. Subsequently, we have constructed and validated the
Liverpool Active Plaque Score based upon these features. It is hoped this score may help diagnose active

coronary plaques, in the future, to help prevent major adverse cardiac events.
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Introduction

Post-mortem pathological studies have shown that a “vulnerable”
plaque is the dominant pathophysiological mechanism responsible
for acute coronary syndromes (ACS)'. One way to try to image
these plaques in vivo is by using histological “surrogates” created
by intravascular ultrasound-derived virtual histology (IVUS-VH)*.
IVUS-VH has been validated in human pathological studies and
atherectomy specimens®’. The recent publication of the VIVA
(Virtual Histology in Vulnerable Atherosclerosis) study® has created
a new interest in this potential role for IVUS-VH. This is because
the study findings replicated the final results of the landmark
PROSPECT (Providing Regional Observations to Study Predictors
of Events in the Coronary Tree) study®. Both studies concluded that
important non-culprit lesion-specific characteristics are: plaque bur-
den >70%; VH thin-cap fibroatheroma (VH-TCFA — a virtual surro-
gate for unstable plaque) and a minimum lumen area (MLA) <4 mm?.

IVUS-VH is based upon the analysis of ultrasound backscatter as
different plaque components produce a particular spectrum>’. The
power, amplitude and frequency of the signal undergo deconvolu-
tion through a trained classification tree. This process transforms
signals into four colour-coded pixels: fibrous (green); fibro-fatty
tissue (light green); necrotic core (red) and dense calcium (white).
This has been found to correlate with histopathology and atherec-
tomy specimens (predictive accuracy=87.1%, 87.1%, 88.3%, and
96.5%, for fibrous, fibro-fatty, necrotic core, and dense calcium,
respectively)®”.

Numerous other studies have analysed ACS and stable culprit
plaques with IVUS-VH!*!%; however, none has attempted to con-
struct a discriminatory score based upon the specific anatomical
and compositional changes seen in “active” culprit ACS plaques.

We therefore designed a prospective, observational study that
would examine active culprit (AC) plaques from patients with an
ACS presentation and stable culprit (SC) plaques from patients
with clinically stable angina. The research aims were:

To define the anatomical and histological differences between
ACS and stable disease.

To use these differences in a multiple logistic regression model
which can assign a numerical value to each associated variable.

To test the ability of this model to discriminate active culprit
plaque types in another independent cohort.

Methods

This was a single-centre, prospective, observational cohort study
that received ethical approval from the Cheshire National Health
Service (NHS) ethics committee in the UK. Patients with a troponin
positive ACS diagnosed by a general cardiologist were transferred
urgently to our tertiary centre for PCI. These cases were screened
and the patients gave written informed consent to be involved
in the study. The main exclusion criteria were: ST elevation MI;
unsuitable anatomy for PCI; left main stem disease; chronic kid-
ney disease; previous PCI in the target vessel and heavily calci-
fied or visibly thrombotic vessels. Active culprit (AC) plaques
were defined as those meeting electrocardiographic (ECG) criteria

for the ACS culprit vessel and where intervention was performed.
Stable culprit (SC) plaques were those requiring PCI for pro-
gressive symptoms and failure of medical therapy in an elective
setting. All vessels were studied prior to any percutaneous revas-
cularisation. Imaging of the vessel in each group was undertaken
using a phased array catheter (Eagle Eye® catheter, 2.9 Fr/20 MHz;
Volcano Corp., Rancho Cordova, CA, USA). Proximal and distal
marker frames were chosen in keeping with a consensus document
on how to analyse both IVUS and VH". Following administration
of heparin 70 U/kg and a minimum of 1 mg of isosorbide dinitrate
(ISDN) intra-arterially, the IVUS transducer was advanced beyond
the presumed culprit lesion into a clean reference segment. The
next distal side branch was then used as a marker for localisation
during IVUS image assessment. The proximal border for image
assessment was established in a similar fashion using another side
branch or the mouth of the guide catheter. A continuous motor-
ised pullback at 0.5 mm/s was performed (Volcano R100 pullback
device; Volcano Corp.) until the probe had passed the proximal
marker. The plaque composition and other analyses were performed
by off-line IVUS-VH analysis (S5i Tower and PC VIAS 3.0.394
software; Volcano Corp.) after manual adjustment of border con-
tours by a single individual blinded to the patient details and mode
of presentation. Single operator analysis of ACS plaques produces
less measurement error as shown in our validation work, which has
been published previously .

STATISTICS AND POWER CALCULATION

To guide the initial sample size for this study, we used the hypoth-
esis that the mean necrotic core volume will be variable between
the two groups. Previous studies in ACS patients and our own var-
iability study suggested that the mean would be around 35 mm?
with a standard deviation (SD) for necrotic core £28 mm?. A sam-
ple size of 100 lesions was calculated. From this we expected
80% power to detect a 7 mm?® difference in plaque components
with an alpha of 0.05. This permitted the relative differences in
the mean to be tested for statistical significance using a Student’s
t-test. A p-value of <0.05 was considered significant. Continuous
variables are expressed as means+standard error of the mean
(SEM). Statistically significant variables in culprit plaques were
entered into a multivariate logistic regression analysis with the
forward stepwise technique'?, to identify independent associations
between plaque variables, with AC lesion phenotype being the
dependent variable. Those variables that were strongest in the out-
put from the regression each have a logistic regression coefficient.
This coefficient is then used to multiply each numerical value for
that variable (i.e., 0.675xNC/DC ratio=0.675%3.5=2.363). The
summation of the output for each associated variable then cre-
ates the overall “Liverpool Active Plaque Score” (LAPS). To
assess model fit and performance, the Hosmer-Lemeshow statistic
(HLS), Akaike Information Criterion (AIC) and receiver operat-
ing characteristics (ROC) data were examined. The area under the
curve (AUC), sensitivity, specificity and 95% confidence inter-
vals (CI) were then estimated.



A larger area under the ROC curve reflects better performance of
a discriminatory test. An AUC of greater than 0.5 suggests that the
discriminatory power of the variable in question is superior to that
of natural chance.

VALIDATION

Following construction of the score, the diagnostic equation was taken
to the Thoraxcenter, Rotterdam, The Netherlands, and applied to an
independent cohort of 50 plaques (17 “active culprit” and 33 “sta-
ble bystander” lesions) taken from a previous three-vessel [IVUS-VH
study in patients presenting with acute myocardial infarction'®. Each
plaque score was initially calculated with the operator blinded to the

lesion status, until the final ROC curve was calculated.

SAMPLE SIZE CONSIDERATIONS FOR LOGISTIC
REGRESSION

Sample size calculation for logistic regression is complex, but based
on the work of Peduzzi et al* the following guideline for a mini-
mum number of cases can be suggested, with p as the smallest of
the proportions of negative or positive cases for the total population
and k the number of covariates (the number of independent varia-
bles). The minimum number of cases to include is: N=10 k/p. For
our total population, p=0.44 (68 stable [35 construction and 33 vali-
dation]/155 total lesions [105 construction and 50 validation]) and
k=4 variables. Therefore, from this equation: N=4x10/0.44; N=91
plaques. We have analysed a total of 155 plaques in our overall model

and therefore the study should have sufficient statistical power.

Results

Two hundred and thirty-eight patients were approached after urgent
ACS transfer and case note review. Seventeen patients refused to
participate and two hundred and twenty-one formally consented
and were enrolled before angiography. One hundred and fifty-one
had to be excluded after angiography due to exclusion criteria. The
majority of exclusions were due to the presence of surgical disease,
heavy calcification and/or heavy thrombus burden with reduced
TIMI flow in the culprit vessel. Seventy culprit lesions in ACS
patients were studied and analysed successfully with [VUS-VH.
A further thirty-five culprit lesions from stable angina patients
undergoing PCI were analysed separately, giving a total construc-
tion lesion cohort of one hundred and five.

The patient baseline characteristics are displayed in Table 1. Of
note, there was a statistically significant difference in the vessel
interrogated between plaque types with more left anterior descend-
ing or diagonal (LAD/D1) arteries imaged in the stable cohort and
a more even distribution in the ACS group: LAD/D1 (41%); cir-
cumflex (25%); right coronary (34%). There were no significant
differences in conventional risk factors for coronary artery disease;
however, those in the ACS cohort were more likely to have had
a previous myocardial infarction (16% vs. 7%, p=0.02).

A comprehensive observational assessment of plaque anatomy
and virtual histology is presented in Table 2 and Table 3. Total
plaque length was statistically greater in the ACS culprit group,

The Liverpool Active Plague Score

Table 1. Patient haseline characteristics.
ACS Stable angina

N=35 stable
culprit (SC)

N=70 active
culprit (AC)

Characteristic

Mean age (+SD) 59.2+11.0 60.1+7.8 p=ns
Male % 13% 60% p=ns
LAD/diagonal 41% 74% p=0.03
Circumflex/OM 25% 12% p=0.01
Right coronary 34% 14% p=0.01
Mean troponin (+SD) 14.8+27.2 n/a n/a
Median troponin (IQR) 1.4 (0.1-13.7) n/a n/a
Hypertension 51% 59% p=ns
Diabetes 24% 18% p=ns
Current smoker 54% 57% p=ns
Hypercholesterolaemia 60% 52% p=ns
Family history 70% 65% p=ns
Chronic kidney disease 3% 1% p=ns
Previous MI 16% 1% p=0.02

Table 2. Plaque anatomical analysis (greyscale IVUS).

ACS (N=70) | Stable angina

b T active culprit | (N=35) stable

variable (£SEM)

(AC) culprit (SC)

Length of disease mm 30.6 (x£1.4) 21.8(1.8) p=0.003
Lumen volume mm? 189.5 (£12.8) 163.3 (£15.6) NS

Vessel volume mm? 473.6 (£32.0) 328.1 (£29.9) p=0.0044
Plaque volume mm? 2853 (£21.7) 164.8 (+15.4) p<0.0001
Vessel plaque burden 57.6 (x0.8) % 499 (£1.5) % | p<0.0001
Min lumen diam. mm .6 (x0.03) 1.8 (x0.05) p=0.002
Max lumen diam. mm 4 (x0.11) 4.3 (+0.16) NS

Min vessel diam. mm 4 (x0.07) 2.9 (+0.08) p=0.0012
Max vessel diam. mm 6 (x0.10) 5.4 (x0.15) p=0.046
Min lumen area (MLA) mm? 2.8 (x0.15) 3.5 (x0.23) p<0.001
Remodelling index at MLA 1.2 (+0.02) 0.95 (0.02) p<0.001

Table 3. Plaque histological analysis (virtual histology).

Mean measurement

variable (£SEM)

Fibrous vol (mm?) 111.0 (£9.6) 50.5 (£5.3) p<0.0001
Fibro-fatty vol (mm?) 19.5 (£1.9) 9.2 (x1.2) p<0.0001
Necrotic core vol (mm?) 50.9 (£5.9) 21.3 (x£2.5) p<0.0001
Dense calcium vol (mm?) 20.6 (+3.1) 13.5 (x2.0) p=0.014
Fibrous % 57.2 (+1.2) 55.4 (£1.9) ns
Fibro-fatty % 10.8 (x1.4) 9.9 (x0.9) ns
Necratic core % 232 (£1.2) 21.7 (£1.2) ns
Dense calcium % 9.1 (x0.8) 13.1(£1.3) p=0.02
NC/DC volume 4.2 (x0.3) 2.1(x0.2) p<0.0001
VH-TCFA 1.4 (+0.09) 0.8 (x0.1) p<0.0001
Plaque rupture n (%) 45 (64%) 7(20%) p<0.0001
Thrombus n (%) 49 (70%) 4(11%) p<0.0001
SEM: standard estimate of the mean; VH-TCFA: virtual histology thin-cap fibroatheroma
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combined with a greater total plaque volume and burden, which
heavily influenced the relative volume calculations for individ-
ual VH plaque components displayed in Table 3. Plaque volumes
were therefore corrected for length and vessel size by display-
ing the measured percentage contribution of each plaque type.
Subsequently, the only VH variable that showed a statistical dif-
ference between groups was dense calcium plaque, being increased
within stable plaques. Creating a ratio between important plaque
types also corrects for volume differences and we have shown that
there is a statistical difference in the necrotic core volume/dense
calcium volume (NC/DC) ratio between ACS culprit (AC) and sta-
ble culprit (SC) plaques. Figure 1 shows the angiographic appear-
ance of a culprit ACS plaque (A) with VH frames shown at both
the site of maximum necrotic core (B) and the minimum lumen
area (MLA) (C). This highlights the eccentric nature and positively
remodelled disease typically seen in ACS culprit plaques. In com-
parison, Figure 2 shows the angiographic image of a stable cul-
prit coronary lesion in the proximal RCA (A). The minimum lumen
area (B) shows a significant amount of circumferential calcifica-
tion and relative negative remodelling. The maximum necrotic core
frame confirms disease that is less eccentric and mixed in compo-
sition (C).

Figure 3 displays the ROC analysis for each plaque variable that
was statistically significant in the construction logistic regression.
Interestingly, this shows the relative importance of the remodelling
index at the minimum lumen area (RI@MLA) and the necrotic core
to dense calcium ratio (NC/DC) in comparison to minimum lumen
area <4 mm? (MLA <4) and VH-TCFA. Table 4 shows the output
from the regression analysis and the relevant calculated coefficients
that make up the score. Figure 4 displays the regression equation
that calculates the Liverpool Active Plaque Score (LAPS) and the
ROC curve showing the strong discriminatory power for an AC
phenotype (in the construction cohort). Figure 5 is the ROC curve

Figure 1. IVUS-VH appearance of LAD stenosis in a patient with
a troponin positive NSTEMI and biphasic anterior T wave inversion
on ECG (A). Site of MAX NC (B). Site of MLA (C).

Figure 2. Angiography and IVUS-VH appearance of a stable angina
culprit plague in the RCA (4). MLA site (B). Site of MAX NC frame (C).

derived when the LAPS was applied to an independent cohort of
plaques analysed at the Thoraxcenter, Rotterdam. As expected, the
discriminatory ability of the score is reduced. However, the AUC
value of 0.71 confirms that the score maintains a good predictive
ability for AC plaque phenotypes. Figure 6 is a box and whisker
plot showing the differences and full descriptive distribution of the
LAPS between AC and SC presentations in 155 different plaques.
Figure 7 is a visual illustration of the results from the application of
the LAPS, where a score >6 is more typical of an active phenotype
and a score <6 is more likely to represent a stable presentation. This
is shown to emphasise how the score could be applied to stratify
coronary artery plaques.

Discussion

The in vivo assessment of high-risk atherosclerotic plaque charac-
teristics may help improve our understanding and ability to help to
identify vulnerable plaques reliably in the future. We have analysed
the differences between the anatomical and virtual histological
features in culprit coronary plaques from both unstable and stable
presentations. Using logistic regression, we have both determined
the important features found in plaques responsible for ACS events
and assigned a numerical value to these, allowing the calculation
of a summative score with discriminatory power. Although many
of the features within our score have been previously discussed in

Table 4. Multivariate logistic regression analysis.

Regression| Standard

Characteristic . .
coefficient| error

Remodelling Index @ MLA (>1.05) 5.1 1.41 <0.001
NC/DC ratio 0.68 0.24 0.004
VH-TCFA 3.7 1.32 0.005
MLA <4 mm? 3.39 1.16 0.003
Intercept -2.149 0.45 <0.001
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Construction ROC curve for RI@MLA >1.05: AUC=0.86
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Figure 3. ROC analysis of significant plaque variables found by logistic regression.

the IVUS-VH literature!®'¢ and found to be more prevalent in cul-
prit plaques, this is the first attempt at modelling a plaque score
from IVUS and VH data. The aim of this was to generate a concept
that could be taken forward in larger trials and applied to future
lesions and studies, possibly with more advanced imaging tech-
niques, such as coronary CT, optical coherence tomography (OCT)
and near infra-red spectroscopy (NIRS). Identifying the high-risk
features of plaques that have been shown to correlate with future

Construction ROC for LAPS: AUC=0.96
LAPS=-2.149+(0.68 x NC/DC) +(3.39xMLA <4) + (5.1xRI@MLA) + (3.7<TCFA)
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Figure 4. Construction ROC curve for LAPS.

MACE in previous studies®” is of paramount importance from both
a preventative and an interventional point of view. Moreover, cre-
ating a reproducible score could allow both proper validation and
invasive assessment of pharmacological agents aiming to mod-
ify vulnerable plaque features®'. It may also be conceivable that
in the future a “master” plaque risk score could be produced fol-
lowing further studies. The overall aim of this concept would be
to guide cardiologists towards plaques where the risk of a future

Thoraxcenter validation ROC curve for LAPS: AUC=0.71
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Figure 5. Validation ROC curve for LAPS in an independent cohort.
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Discrimination of plaque type using the LAPS in 155 plagues
(105 Liverpool+50 Thoraxcenter)
207

15 ‘
10 ‘|V
©
00
o
©
o
] J
0

Sensitivity: 0.75 (95% Cl: 0.64-0.83)
Specificity: 0.91 (95% Cl: 0.82-0.97)

6.12*

I LAPS-ACS [ LAPS-Stable  *Discrimination point

Figure 6. LAPS data for AC plaques (red) and SC plaques (green).

event occurring may be greater than the risk of treatment with
a particular novel drug or device, such as high-dose statins, PC
SKO9 inhibition, darapladib or bioabsorbable vascular scaffolds
(BVS)?. The variables that have formed our score and are asso-
ciated with culprit ACS plaque presentations concur with sim-
ilar findings from both VIVA and PROSPECT®*® with MLA and
VH-TCFA again found to be important. However, given that our
study focused on culprit plaque morphologies, we added to this the
remodelling index at the MLA (RI@MLA) and the necrotic core/
dense calcium ratio (NC/DC). Both of these findings have previ-
ously been found to indicate an unstable lesion phenotype'®?3-° and
have even been linked to sudden death®'.

Our study examined the most pathologically important part of
the vessel, responsible for the recent ACS event, before PCI. This
allowed us to observe vital information about residual plaque char-
acteristics in a contemporary setting. The PROSPECT trial examined
the VH appearance of non-culprit, angiographically insignificant
lesions that eventually caused readmission to hospital with unstable
angina. The actual myocardial infarction (MI) rate in the follow-up
cohort was low at 1%. This is a direct reflection of the study proto-
col, which required all significant angiographic lesions to undergo
PCI before IVUS-VH analysis. Therefore, the results of PROSPECT

The spectrum of atherosclerotic plague vulnerability
from the Liverpool Active Plaque Score
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LAPS=—2.149+(0.68xNC/DC)+(3.39 if MLA <4)+(5.1 if RI@MLA >1.05)+(3.7 if TCFA present)

Figure 7. Visual illustration of LAPS with plaque examples.

do not inform us about the composition of culprit plaques implicated
in a confirmed MI presentation. The VIVA study acquired three-
vessel IVUS in both unstable and stable atherosclerosis before PCI,
but again the rate of MI during follow-up was low, with endpoints
being driven by revascularisation not MI. Although the total number
of plaques analysed in this study is small compared to PROSPECT
and VIVA, the number imaged in the context of a confirmed MACE
event (n=70 [construction] + n=17 [validation]=87) is greater than in
PROSPECT (n=55) and VIVA (n=19) combined.

The inclusion of the NC/DC ratio within the score merits dis-
cussion, as previously in the literature the impact of dense calcium
measurement on necrotic core coding on VH has been investi-
gated®. We found that in stable culprit (SC) plaques there are sta-
tistically higher values for dense calcium but not for necrotic core.
It has previously been shown in some analyses®® that dense calcium
in VH analysis begets and increases the identification of necrotic
core behind the calcium signal. Although this is certainly observed
in some situations, it does not seem to have statistically influenced
our overall volume measurements. Moreover, calcium in a spotty
distribution within relatively larger necrotic cores (i.e., a high NC/
DC level) appears to be a more important phenotype, and this has
previously been observed, pathologically, in sudden coronary death
victims®.

The NC/DC ratio in our cohort proved to be a significant inde-
pendent predictor of a culprit lesion phenotype with an individual
AUC of 0.78.

The influence of positive remodelling at the site of the MLA
was very strong in our cohort (individual AUC — 0.83). This may
be explained by the eccentric plaque burden seen in culprit ACS
plaques or by the fact that extensively remodelled plaques are
biologically active and have an increased tendency to weaken at
the luminal surface, when the fibrous cap thins or an unknown
Glagovian expansive limit is reached!'®?-. The presence of more
negatively remodelled plaques with greater dense calcium, in stable
angina, may be explained by plaque contraction, as necrotic core
and macrophages “burn out” and are “contained” by calcification.

Further interesting insights from our data relate to the influence
of the vulnerable plaque surrogate VH-TCFA in plaque diagnos-
tics. This has previously been linked with future MACE events®®.
In our cohort, VH-TCFA presence within the interrogated plaque
disease was greater in the culprit ACS plaques compared to stable
angina. However, on a discriminatory level, VH-TCFA has an indi-
vidual AUC of 0.57, suggesting it has very modest diagnostic abil-
ity. The limitations of the VH-TCFA concept have been described
elsewhere™!”?2. IVUS-VH cannot define true thin caps, due to the
resolution of a 20 MHz IVUS catheter being in the order of 150 um.
Also, VH-TCFA lesions are often found within stable angina lesions
and this weakens their discriminatory power. Moreover, it has been
shown that these lesions are dynamic and fleeting in nature, with
around 75% “healing” over one year*, which further weakens
their overall influence on lesion diagnostics. In addition, a recent
study from the VIVA group has shown unacceptable variability
in VH-TCFA recognition and the process of individually naming



plaque subtypes (such as thick-cap fibroatheroma [ThCFA], etc.)*.
Critically, this leads us to the concept generated by this investiga-
tion. It is clear that our work provides a basic “pilot” idea in this
field, that could be taken forward in future investigations, hopefully
with the addition of information gained from other imaging tools
such as OCT (which can define true thin caps <65 pm) and NIRS
(highly sensitive for lipid core).

More importantly, most of the plaque variables we have found
in this investigation can now be measured by non-invasive car-
diac computerised tomography. Therefore, there may be a role for
this theory in the preventative screening of asymptomatic plaques
found in individuals with familial hazard or abnormal conven-
tional risk factors.

Limitations

This is a single-centre, observational study with the inherent limita-
tions of this design. Although efforts were made to blind the analys-
ing operator to the presentation type, it can occasionally be clear
when a plaque is a culprit, due to the presence of residual thrombus
and plaque rupture. This is a potential source of bias. The analy-
sis of MLA <4 mm?, RI >1.05 and VH-TCFA with logistic regres-
sion required these datasets to be converted to binary responses,
which may not be representative of what is reported in the real
world. In this study we imaged the full volume data from culprit
plaques a few days after an event had occurred within the plaque.
Although this is as close as we can realistically come to phenotyp-
ing “event-associated” unstable plaques, we still cannot say with
certainty what the anatomy and histology was at the point of rup-
ture/erosion. Furthermore, analysis of high-risk ACS culprit plaques
required interrogation of IVUS images containing rupture cavi-
ties and thrombus at varying stages of progression, and therefore
we followed previously published guidance by including thrombus
in the plaque analysis where possible'. This is notoriously diffi-
cult and previous studies have shown a difference between inde-
pendent IVUS-VH measurements and measurements performed in
a core lab facility®**’. However, we have published our magnitude of
measurement variability in high-risk ACS plaques, following a pre-
vious in-depth study'®. There are also several peer-reviewed publi-
cations involving the identification of thrombus on IVUS**. The
validation cohort from the Thoraxcenter contained VH calculations
from an earlier iteration of the VH concept (IVUS lab version 4.4),
which could theoretically have affected plaque score calculations.
Moreover, this cohort of lesions was from “active culprit vessel” and
“stable bystander vessel” rather than “active culprit” and “stable cul-
prit” lesions. This was justified by the fact that we still validated the
discrimination of active culprit disease from other forms of athero-
sclerosis, using the derived Liverpool Active Plaque Score.

Conclusion

We have found four features on IVUS and VH that can predict and
discriminate ACS culprit lesion phenotypes from those that are clin-
ically stable. Subsequently, we have constructed and validated the
Liverpool Active Plaque Score (LAPS) based upon these features.

The Liverpool Active Plague Score

Although the main outcome of this study is concept-generating, it
is hoped that in the future a similar score may allow the prospective
identification and treatment of active coronary plaques to prevent

major adverse cardiac events.

Impact on daily practice

The in vivo assessment of high-risk atherosclerotic plaque charac-
teristics may help improve our understanding and ability to iden-
tify vulnerable plaques reliably in the future. We have analysed
the differences between the anatomical and virtual histological
features in culprit coronary plaques from both unstable and sta-
ble presentations. Using logistic regression, we have both deter-
mined the important features found in plaques responsible for
ACS events and assigned a numerical value to these, allowing the
calculation of a summative score with discriminatory power. It is
hoped that in the future a similar score may allow cardiologists
to prospectively identify and appropriately treat active coronary

plaques in order to prevent major adverse cardiac events.

Guest Editor
This paper was Guest Edited by Henning Kelbaek, MD from the
Rigshospitalet, Copenhagen, Denmark.

Funding
Liverpool Heart and Chest Hospital, Johnson Interventional
Cardiology Research Fellowship.

Conflict of interest statement

The authors have no conflicts of interest to declare. The research
was funded entirely by an independent local fellowship. The Guest
Editor has no conflicts of interest to declare.

References

1. Falk E, Shah PK, Fuster V. Coronary plaque disruption.
Circulation. 1995;92:657-71.

2. Virmani R, Burke AP, Farb A. Sudden cardiac death.
Cardiovasc Pathol. 2001;10:211-8.

3. Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM.
Lessons from sudden coronary death: a comprehensive morpholog-
ical classification scheme for atherosclerotic lesions. Arterioscler
Thromb Vasc Biol. 2000;20:1262-75.

4. Sawada T, Shite J, Garcia-Garcia HM, Shinke T, Watanabe S,
Otake H, Matsumoto D, Tanino Y, Ogasawara D, Kawamori H,
Kato H, Miyoshi N, Yokoyama M, Serruys PW, Hirata K. Feasibility
of combined use of intravascular ultrasound radiofrequency data
analysis and optical coherence tomography for detecting thin-cap
fibroatheroma. Eur Heart J. 2008;29:1136-46.

5. Nasu K, Tsuchikane E, Katoh O, Vince DG, Virmani R,
Surmely JF, Murata A, Takeda Y, Ito T, Ehara M, Matsubara T,
Terashima M, Suzuki T. Accuracy of in vivo coronary plaque morphol-
ogy assessment: a validation study of in vivo virtual histology compared
with in vitro histopathology. J Am Coll Cardiol. 2006;47:2405-12.

€28-G18:01 710 uojuaAidoiNy M



™
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
%
—
=
©o
=
Q!
©
N
w

6. VanHerckJ, De Meyer G, Ennekens G, Van Herck P, Herman A,
Vrints C. Validation of in vivo plaque characterisation by virtual
histology in a rabbit model of atherosclerosis. Eurolntervention.
2009;5:149-56.

7. Rodriguez-Granillo GA, Garcia-Garcia HM, McFadden EP,
Aoki J, van Mieghem CA, Regar E, Bruining N, Serruys PW. In
vivo intravascular ultrasound-derived thin-cap fibroatheroma
detection using ultrasound radiofrequency data analysis. J Am Coll
Cardiol. 2005;46:2038-42.

8. Calvert PA, Obaid DR, O’Sullivan M, Shapiro LM,
McNab D, Densem CG, Schofield PM, Braganza D, Clarke SC,
Ray KK, West NE, Bennett MR. Association between IVUS find-
ings and adverse outcomes in patients with coronary artery disease:
the VIVA (VH-IVUS in Vulnerable Atherosclerosis) study. JACC
Cardiovasc Imaging. 2011;4:894-901.

9. Stone GW, Machara A, Lansky AJ, de Bruyne B, Cristea E,
Mintz GS, Mehran R, McPherson J, Farhat N, Marso SP, Parise H,
Templin B, White R, Zhang Z, Serruys PW; PROSPECT
Investigators. A prospective natural-history study of coronary ath-
erosclerosis. N Engl J Med. 2011;364:226-35.

10. Garcia-Garcia HM, Goedhart D, Schuurbiers JC,
Kukreja N, Tanimoto S, Daemen J, Morel MA, Bressers M, van
Es GA, Wentzel JJ, Gijsen F, van der Steen AF, Serruys PW. Virtual
histology and remodelling index allow in vivo identification of
allegedly high-risk coronary plaques in patients with acute coro-
nary syndromes: a three vessel intravascular ultrasound radiofre-
quency data analysis. Eurolntervention. 2006;2:338-44.

11. Hong MK, Mintz GS, Lee CW, Suh J, Kim JH, Park DW,
Lee SW, Kim YH, Cheong SS, Kim JJ, Park SW, Park SJ. Comparison
of virtual histology to intravascular ultrasound of culprit coronary
lesions in acute coronary syndrome and target coronary lesions in
stable angina pectoris. Am J Cardiol. 2007;100:953-9.

12. Hong MK, Mintz GS, Lee CW, Lee JW, Park JH, Park DW,
Lee SW, Kim YH, Cheong SS, Kim JJ, Park SW, Park SJ. A three-
vessel virtual histology intravascular ultrasound analysis of fre-
quency and distribution of thin-cap fibroatheromas in patients with
acute coronary syndrome or stable angina pectoris. A4m J Cardiol.
2008;101:568-72.

13. Qian J, Maehara A, Mintz GS, Margolis MP, Biro S,
Stone GW, Leon MB. Relation between individual plaque com-
ponents and overall plaque burden in the prospective, multicenter
virtual histology intravascular ultrasound registry. Am J Cardiol.
2009;104:501-6.

14. Rodriguez-Granillo GA, McFadden EP, Valgimigli M, van
Mieghem CA, Regar E, de Feyter PJ, Serruys PW. Coronary plaque
composition of nonculprit lesions, assessed by in vivo intracoro-
nary ultrasound radio frequency data analysis, is related to clinical
presentation. Am Heart J. 2006;151:1020-4.

15. Surmely JF, Nasu K, Fujita H, Terashima M, Matsubara T,
Tsuchikane E, Ehara M, Kinoshita Y, Zheng QX, Tanaka N, Katoh O,
Suzuki T. Coronary plaque composition of culprit/target lesions
according to the clinical presentation: a virtual histology intravas-
cular ultrasound analysis. Eur Heart J. 2006;27:2939-44.

16. Nakamura T, Kubo N, Funayama H, Sugawara Y, Ako J,
Momomura S. Plaque characteristics of the coronary segment prox-
imal to the culprit lesion in stable and unstable patients. Clin
Cardiol. 2009;32:E9-12.

17. Garcia-Garcia HM, Mintz GS, Lerman A, Vince DG,
Margolis MP, van Es GA, Morel MA, Nair A, Virmani R, Burke AP,
Stone GW, Serruys PW. Tissue characterisation using intravascu-
lar radiofrequency data analysis: recommendations for acquisi-
tion, analysis, interpretation and reporting. Eurolntervention.
2009;5:177-89.

18. Murray SW, Stables RH, Hart G, Palmer ND. Defining the
magnitude of measurement variability in the virtual histology anal-
ysis of acute coronary syndrome plaques. Eur Heart J Cardiovasc
Imaging. 2013;14:167-74.

19. Hosmer D, Lemeshow S. Applied Logistic Regression. New
York, NY, USA: John Wiley & Sons Inc.; 1989.

20. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR.
A simulation study of the number of events per variable in logistic
regression analysis. J Clin Epidemiol. 1996;49:1373-9.

21. Rodriguez-Granillo GA, Serruys PW, McFadden EP, van
Mieghem CA, Goedhart D, Bruining N, van der Steen AF, van der
Giessen WJ, de Jaegere P, Vince DG, Sianos G, Kaplow J, Zalewski A,
de Feyter PJ. First-in-man prospective evaluation of temporal changes
in coronary plaque composition by in vivo intravascular ultrasound
radiofrequency data analysis: an Integrated Biomarker and Imaging
Study (IBIS) substudy. Eurolntervention. 2005;1:282-8.

22. Wykrzykowska JJ, Diletti R, Gutierrez-Chico JL, van
Geuns RJ, van der Giessen WJ, Ramcharitar S, Duckers HE,
Schultz C, de Feyter P, van der Ent M, Regar E, de Jaegere P,
Garcia-Garcia HM, Pawar R, Gonzalo N, Ligthart J, de Schepper J,
van den Berg N, Milewski K, Granada JF, Serruys PW. Plaque
sealing and passivation with a mechanical self-expanding low
outward force nitinol vShield device for the treatment of IVUS
and OCT-derived thin cap fibroatheromas (TCFAs) in native
coronary arteries: report of the pilot study vShield Evaluated at
Cardiac hospital in Rotterdam for Investigation and Treatment of
TCFA (SECRITT). Eurolntervention. 2012;8:945-54.

23. Pasterkamp G, Schoneveld AH, van der Wal AC,
Haudenschild CC, Clarijs RJ, Becker AE, Hillen B, Borst C. Relation
of arterial geometry to luminal narrowing and histologic markers for
plaque vulnerability: the remodeling paradox. J Am Coll Cardiol.
1998;32:655-62.

24. Nakamura M, Nishikawa H, Mukai S, Setsuda M, Nakajima K,
Tamada H, Suzuki H, Ohnishi T, Kakuta Y, Nakano T, Yeung AC.
Impact of coronary artery remodeling on clinical presentation of
coronary artery disease: an intravascular ultrasound study. J Am
Coll Cardiol. 2001;37:63-9.

25. Schoenhagen P, Ziada KM, Kapadia SR, Crowe TD,
Nissen SE, Tuzcu EM. Extent and direction of arterial remodeling
in stable versus unstable coronary syndromes: an intravascular
ultrasound study. Circulation. 2000;101:598-603.

26. Kaple RK, Machara A, Sano K, Missel E, Castellanos C,
Tsujita K, Fahy M, Moses JW, Stone GW, Leon MB, Mintz GS. The



axial distribution of lesion-site atherosclerotic plaque components:
an in vivo volumetric intravascular ultrasound radio-frequency
analysis of lumen stenosis, necrotic core and vessel remodelling.
Ultrasound Med Biol. 2009;35:550-7.

27. Rodriguez-Granillo GA, Serruys PW, Garcia-Garcia HM,
AokiJ, Valgimigli M, van Mieghem CA, McFadden E, de Jaegere PP,
de Feyter P. Coronary artery remodelling is related to plaque com-
position. Heart. 2006;92:388-91.

28. Fujii K, Carlier SG, Mintz GS, Wijns W, Colombo A, Bose D,
Erbel R, de Ribamar Costa J Jr, Kimura M, Sano K, Costa RA,
Lui J, Stone GW, Moses JW, Leon MB. Association of plaque char-
acterization by intravascular ultrasound virtual histology and arte-
rial remodeling. Am J Cardiol. 2005;96:1476-83.

29. Kroner ES, van Velzen JE, Boogers MJ, Siebelink HM,
Schalij MJ, Kroft LJ, de Roos A, van der Wall EE, Jukema JW,
Reiber JH, Schuijf JD, Bax JJ. Positive remodeling on coronary com-
puted tomography as a marker for plaque vulnerability on virtual his-
tology intravascular ultrasound. Am J Cardiol. 2011;107:1725-9.

30. Missel E, Mintz GS, Carlier SG, Sano K, Qian J, Kaple RK,
Castellanos C, Dangas G, Mehran R, Moses JW, Stone GW, Leon MB.
Necrotic core and its ratio to dense calcium are predictors of high-
risk non-ST-elevation acute coronary syndromes. Am J Cardiol.
2008;101:573-8.

31. Missel E, Mintz GS, Carlier SG, QianJ, Shan S, Castellanos C,
Kaple R, Biro S, Fahy M, Moses JW, Stone GW, Leon MB. In vivo
virtual histology intravascular ultrasound correlates of risk factors
for sudden coronary death in men: results from the prospective,
multi-centre virtual histology intravascular ultrasound registry. Eur
Heart J. 2008;29:2141-7.

32. Murray SW, Palmer ND. What is behind the calcium? The
relationship between calcium and necrotic core on virtual histology
analyses. Eur Heart J. 2009;30:125; author reply 125-6.

33. Sales FJ, Falcio BA, Falcdo JL, Ribeiro EE, Perin MA,
Horta PE, Spadaro AG, Ambrose JA, Martinez EE, Furuie SS,
Lemos PA. Evaluation of plaque composition by intravascular

The Liverpool Active Plague Score

ultrasound “virtual histology”: the impact of dense calcium on the
measurement of necrotic tissue. Eurolntervention. 2010;6:394-9.

34. Kubo T, Machara A, Mintz GS, Doi H, Tsujita K, Choi SY,
Katoh O, Nasu K, Koenig A, Pieper M, Rogers JH, Wijns W, Bése D,
Margolis MP, Moses JW, Stone GW, Leon MB. The dynamic nature
of coronary artery lesion morphology assessed by serial virtual his-
tology intravascular ultrasound tissue characterization. J Am Coll
Cardiol. 2010;55:1590-7.

35. Obaid DR, Calvert PA, McNab D, West NE, Bennett MR.
Identification of coronary plaque sub-types using virtual histology
intravascular ultrasound is affected by inter-observer variability
and differences in plaque definitions. Circ Cardiovasc Imaging.
2012;5:86-93.

36. Huisman J, Egede R, Rdzanek A, Bose D, Erbel R, Kochman J,
Jensen LO, van de Palen J, Hartmann M, Mintz GS, von Birgelen C.
Between-centre reproducibility of volumetric intravascular ultra-
sound radiofrequency-based analyses in mild-to-moderate coronary
atherosclerosis: an international multicentre study. Eurolntervention.
2010;5:925-31.

37. Huisman J, Egede R, Rdzanck A, Bose D, Erbel R,
Kochman J, Jensen LO, van der Palen J, Hartmann M, Mintz GS,
von Birgelen C. Multicenter assessment of the reproducibility of
volumetric radiofrequency-based intravascular ultrasound meas-
urements in coronary lesions that were consecutively stented. /nt J
Cardiovasc Imaging. 2012;28:1867-78.

38. Murray SW, Periaswamy V, Ramsdale DR. How should I
treat a spontancously reperfused acute STEMI that involves the left
main stem and proximal LAD? Eurolntervention. 2010;6:895-9.

39. Murray SW, Palmer ND. The intravascular ultrasound and
virtual histology interpretation of plaque rupture and thrombus in
acute coronary syndromes. Heart. 2009;95:1494.

40. Murray SW, Kunadian B, Fisher M. “Seek and you shall
find”: Angiographically silent left main stem plaque rupture with
residual filamentous LAD thrombus (found by IVUS and Pronto
extraction). Eurolntervention. 2009;5:637.

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
%
—
=
=]
=
@
©
N
w




