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Abstract
Aims: Residual SYNTAX score (rSS) is known to be associated with cardiac events. We sought to investi-
gate the association between rSS and greyscale and virtual histology (VH)-intravascular ultrasound (IVUS)
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plaque morphology, and the association between rSS and non-culprit-related major adverse cardiac events
(MACE) using data from the PROSPECT study.

Methods and results: A total of 697 patients with acute coronary syndromes were enrolled in the
PROSPECT study. Three-vessel greyscale and VH-IVUS were performed. Among them, 688 patients with
paired baseline SS or SYNTAX score and rSS were identified and divided into three groups — rSS=0
(n=184), 0 <rSS <8 (n=364), and rSS >8 (n=140). MACE was defined as the composite of cardiac death,
cardiac arrest, myocardial infarction, or rehospitalisation for unstable or progressive angina. There was
a significant difference in the three-year non-culprit-related MACE rates among the three groups (5.7%
versus 11.9% versus 19.7%, lowest to highest rSS; p=0.004) mainly due to rehospitalisation for unstable
or progressive angina. On multivariable analysis, patients with >1 lesion with plaque burden >70% or >1
lesion with a minimum lumen area <4 mm? and total dense calcium volume per patient were significantly
correlated with rSS. Insulin-treated diabetes mellitus, rSS, and patients with >1 lesion with plaque burden
>70% were independent predictors of non-culprit-related MACE.

Conclusions: Plaque morphology based on greyscale IVUS and VH-IVUS was significantly correlated
with rSS, and rSS and plaque burden >70% independently predicted non-culprit-related MACE.
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Abbreviations

ACS acute coronary syndrome
IDI integrated discrimination improvement
IVUS intravascular ultrasound

MACE  major adverse cardiac events

NRI net reclassification improvement
PCI percutaneous coronary intervention
ROC receiver-operating characteristic
1SS residual SYNTAX score

SS SYNTAX score

TCFA thin-cap fibroatheroma

VH virtual histology

Introduction

The Synergy Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery (SYNTAX) score (SS) is a well-estab-
lished tool to quantify the extent and complexity of coronary artery
disease pre revascularisation'?. The residual SYNTAX score (rSS)
is the SS remaining after completion of percutaneous coronary
intervention (PCI). Généreux et al® demonstrated that the rSS risk-
stratified acute coronary syndrome (ACS) patients undergoing an
early invasive strategy with PCI and that the rSS predicted car-
diac events with similar accuracy to the baseline SS. Moreover,
Farooq et al* reported that rSS was an indicator of long-term mor-
tality in patients with unprotected left main or de novo three-ves-
sel coronary artery disease. Although previous studies have shown
that rSS was an independent predictor of overall cardiac events®*,
the association between rSS and non-culprit lesion-related major
adverse cardiac events (MACE) has not been investigated. In pre-
vious intravascular ultrasound (IVUS) studies®’, greyscale and vir-
tual histology (VH) IVUS findings (e.g., plaque burden, minimum
lumen area, and VH thin-cap fibroatheroma [TCFA]) were signi-
ficantly associated with non-culprit lesion-related MACE; how-
ever, the association between rSS and IVUS findings has not been
investigated. We investigated: 1) the association between rSS and
greyscale and VH-IVUS findings; 2) the association between rSS
and non-culprit lesion-related MACE; and 3) additive prediction
of IVUS findings to the rSS for non-culprit lesion-related MACE.

Editorial, see page 1631

Methods

STUDY PROTOCOL

The Providing Regional Observations to Study Predictors of Events
in the Coronary Tree (PROSPECT) study has been described in
detail previously®. In brief, 697 ACS patients were enrolled after
successful PCI of all lesions believed to be responsible for the clini-
cal presentation and after completion of any other planned inter-
ventions. Three-vessel quantitative coronary angiography, greyscale
IVUS, and VH-IVUS imaging were then performed. Patients were
followed for a median of 3.4 years. The primary endpoint was
MACE at three years, consisting of cardiac death, cardiac arrest,
myocardial infarction, or rehospitalisation for unstable or progres-
sive angina as adjudicated independently by a committee blinded

Residual SYNTAX score, non-culprit MACE, and IVUS

to imaging results. Culprit lesions/vessels were defined as those
believed to be responsible for the index event by the operator and
treated during the index or planned procedure before enrolment into
PROSPECT. Non-culprit lesions included all coronary segments
outside of culprit lesions and defined as >30% visual diameter ste-
nosis by angiography and in a segment in which >3 consecutive
slices had >40% plaque burden by greyscale and VH-IVUS. Each
adverse event was adjudicated to either an originally treated culprit
lesion or to an untreated non-culprit lesion or was “indeterminate”
in the absence of follow-up angiography. The study was approved
by the institutional review board at each participating centre, and all
patients signed written informed consent.

For the present study, the baseline SS was assessed visu-
ally by technicians of the Angiography Core Laboratory at the
Cardiovascular Research Foundation (CRF, New York, NY, USA)
who were trained for SS assessment and were blinded to clini-
cal outcomes, as previously described®. Each lesion with visual
diameter stenosis >50% in vessels >1.5 mm in diameter was
scored using the SS algorithm®. The rSS was determined as the SS
remaining after completion of planned PCI. Complete revasculari-
sation was defined as rSS=0. Based on previous reports®*, patients
with incomplete revascularisation were divided into two groups:
(1) 0 <rSS <8, and (ii) rSS >8.

QUANTITATIVE CORONARY ANGIOGRAPHY

Quantitative coronary angiography measurements were performed
over the entire length of the coronary tree (including side branches)
in any vessel >1.5 mm in diameter using proprietary methods modi-
fied from QCA-CMS version 7.0 (Medis medical imaging systems
bv, Leiden, the Netherlands). Reference vessel diameter, minimum
lumen diameter, and diameter stenosis were calculated for each ves-
sel. Analysis of all angiographic lesions with >30% visual diameter

stenosis was pre-specified in the PROSPECT protocol®.

GREYSCALE IVUS AND VH-IVUS ANALYSIS

Greyscale IVUS and VH-IVUS of the left main coronary artery
and proximal 6 to 8 cm of each major epicardial coronary artery
were performed using motorised catheter pullback at 0.5 mm/s.
Offline greyscale and VH-IVUS analysis was performed using:
(1) QCU-CMS (Medis medical imaging systems bv) for con-
touring; (ii) pcVH version 2.1 (Volcano Corporation, Rancho
Cordova, CA, USA) for contouring and VH data output; and
(i) qVH software (developed within CRF) for segmental quali-
tative assessment and data output. Methodologies of quantitative
and qualitative IVUS measurements have been described previ-
ously'’. Fibroatheroma was defined as >10% confluent necrotic
core. If >30° of the necrotic core abutted the lumen in >3 consecu-
tive frames, the fibroatheroma was classified as VH-TCFA; other-

wise, it was classified as thick-cap fibroatheroma.

STATISTICAL ANALYSIS
All data were analysed at the patient level. Continuous variables are
presented as median and first and third quartiles and compared using
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the Kruskal-Wallis test. Categorical variables are presented as per-
centage and count and compared using the y? test or Fisher’s exact
test, as appropriate. Time-to-event data are presented as Kaplan-
Meier estimates and compared using the log-rank test. Multivariable
linear regression analysis was used to determine independent cor-
relates of rSS. Multivariable Cox proportional hazards analysis was
used to determine predictors for non-culprit-related MACE with one
variable entered for 10 or more events to avoid overfitting. For each
multivariable model, variables were chosen based on their historical
and pathophysiologic relationship to each endpoint. The discrimina-
tory capability of rSS to identify patients with non-culprit-related
MACE was assessed using the area under the receiver operating
characteristic (ROC) curve. The incremental predictive value was
assessed using net reclassification improvement (NRI) and inte-
grated discrimination improvement (IDI)!!. On ROC analysis, NRI,
and IDI, the following models were used: model 1 — insulin-treated
diabetes mellitus and prior PCI; model 2 — insulin-treated diabetes
mellitus, prior PCI, and rSS; model 3 — insulin-treated diabetes mel-
litus, prior PCI, rSS, and patient with >1 VH-TCFA; and model 4
— insulin-treated diabetes mellitus, prior PCI, rSS, and patient with
>1 lesion with plaque burden >70%. All analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Two-
sided p-values <0.05 were considered significant.

Table 1. Baseline clinical characteristics.

Results

BASELINE CHARACTERISTICS

Among 697 patients enrolled in PROSPECT, 688 with paired base-
line SS and rSS were identified. Almost all patients (n=629, 91.4%)
had a baseline low SS <23, and complete revascularisation (rSS=0)
was achieved in 184 (26.7%). Patients with incomplete revascularisa-
tion were divided into two groups based on previous reports: 0 <rSS
<8 (n=364, 52.9%) and rSS >8 (n=140, 20.3%). Baseline clinical and
angiographic characteristics are shown in Table 1 and Table 2. Patients
with rSS=0 were younger and had a significantly lower prevalence of
hypertension, prior myocardial infarction and prior PCI versus patients
with higher rSS. Patients with higher rSS had more complex coro-
nary disease with higher baseline SS, higher prevalence of two culprit
vessels, more angiographic non-culprit lesions, longer angiographic
non-culprit lesions, and greater maximum diameter stenosis. The dis-
tribution of the baseline SS and rSS is illustrated in Figure 1A. rSS
variability increased with the baseline SS. There were no significant
differences in the delta SS among the three groups (Table 2) and no
correlation between 1SS and delta SS (R>=0.01, p=0.03) (Figure 1B).

GREYSCALE AND VH-IVUS ANALYSIS
Patients with higher rSS had longer IVUS non-culprit lesions and
greater percent plaquetmedia (plaquetmedia divided by external

r$$=0 (n=184)

0 <rSS <8 (n=364)

1SS >8 (n=140)

Age, years 55.2 (48.1-63.7) 59.1 (50.7-67.3) 59.6 (563.2-68.4) 0.002
Male 72.3 (133/184) 76.4 (278/364) 80.7 (113/140) 0.21
Body mass index, kg/m? 28.3 (25.5-32.2) 27.7 (24.9-31.0) 27.8 (25.1-31.2) 0.34
Diabetes mellitus 19.7 (36/183) 16.0 (58/363) 16.5 (23/139) 0.55
Insulin-treated 2.7 (5/183) 3.0(11/363) 2.9 (4/139) 0.98
Metabolic syndrome 45.2 (80/177) 50.7 (177/349) 47.8 (66/138) 0.48
Hypertension 34.4 (63/183) 51.1 (184/360) 46.8 (65/139) 0.001
Hyperlipidaemia 39.1 (61/156) 47.2 (161/341) 40.9 (52/127) 0.18
Current cigarette use 48.6 (89/183) 45.5 (162/356) 52.5(73/139) 0.36
Prior myocardial infarction 5.0 (9/181) 10.7 (39/363) 15.7 (22/140) 0.006
Family history of coronary artery disease 40.5 (70/173) 47.5(151/318) 44.1 (52/118) 0.32
Prior percutaneous coronary intervention 4.3 (8/184) 12.7 (46/363) 12.9 (18/140) 0.006
Framingham risk score 7.0 (5.0-8.0) 7.0 (5.0-9.0) 7.0 (5.0-9.0) 0.41
Clinical presentation STEMI >24 hours 31.0 (567/184) 30.5(111/364) 27.9 (39/140) 0.81
Non-STEMI 64.1 (118/184) 65.7 (239/364) 67.9 (95/140) 0.78
Unstable angina 4.9 (9/184) 3.8 (14/364) 4.3 (6/140) 0.85
Low-density lipoprotein cholesterol, mg/dL 99.4 (78.4-127.2) 99.4 (78.6-126.0) 106.0 (87.4-138.0) 0.10
Estimated creatinine clearance <60 mL/min 8.5 (15/176) 9.9 (34/345) 13.4 (17/127) 0.37
Statin use Admission 42.4 (78/184) 45.9 (167/364) 47.1 (66/140) 0.65
Discharge 80.9 (148/183) 86.3 (314/364) 89.2 (124/139) 0.09
3 years 83.4 (126/151) 84.0 (252/300) 87.1(101/116) 0.68
Aspirin use Discharge 97.3(179/184) 97.5 (355/364) 95.0 (133/140) 0.32
3 years 89.4 (135/151) 92.7 (278/300) 91.5(107/117) 0.50
Thienopyridine use Discharge 94.6 (174/184) 98.4 (358/364) 96.4 (135/140) 0.05
3 years 35.8 (54/151) 39.0(117/300) 23.9 (28/117) 0.01
Values are median (first and third quartiles) or % (n/N). rSS: residual SYNTAX score; STEMI: ST-segment elevation myocardial infarction




Table 2. Patient-level angiographic findings of non-culprit lesions.

r$SS=0 (n=184)

Residual SYNTAX score, non-culprit MACE, and IVUS

0 <rSS <8 (n=364) 1SS >8 (n=140)

p-value

Baseline SYNTAX score 7.0 (3.0-10.0) 11.0 (7.0-14.0) 19.0 (14.0-25.0) <0.0001
Residual SYNTAX score 0 (0-0) 5.0 (3.0-5.5) 12.0 (10.0-16.0) <0.0001
Delta SYNTAX score 7.0 (3.0-10.0) 6.0 (3.0-9.0) 6.0 (3.0-9.0) 0.043
One culprit vessel 78.3 (144/184) 71.1 (258/363) 63.6 (89/140) 0.01
Two culprit vessels 21.7 (40/184) 28.9 (105/363) 36.4 (51/140) 0.01
Quantitative coronary angiography of non-culprit lesions
Number of non-culprit lesions 1(1-2) 2 (1-4) 4 (2-5) <0.0001
Total length of non-culprit lesion, mm 10.1 (0.0-22.2) 21.4 (10.0-38.1) 31.0(15.9-53.1) <0.0001
Maximum diameter stenosis, % 37.9(31.7-43.1) 50.2 (39.2-60.4) 52.7 (44.3-64.9) <0.0001
Lesions with diameter stenosis >50% 4.8 (6/126) 50.6 (164/324) 58.3 (77/132) <0.0001
Lesions with diameter stenosis >70% 2.4 (3/126) 12.0 (39/324) 22.0 (29/132) <0.0001
Values are median (first and third quartiles) or % (n/N). rSS: residual SYNTAX score

elastic membrane) volumes (Table 3). Patients with rSS >8 had
a higher prevalence of >1 echolucent plaque and >1 plaque rupture and
more fibroatheromas versus rSS=0; they also had greater normalised
necrotic core and dense calcium area than the other groups. As the rSS
increased, a greater proportion of the patients had high-risk plaque
characteristics such as >1 lesion with minimum lumen area <4 mm?
(42.1% versus 59.1% versus 62.7%; p=0.0002) or >1 lesion with
plaque burden >70% (24.0% versus 32.9% versus 47.8%; p<0.0001).
On multivariable analysis, >1 lesion with plaque burden >70%, >1
lesion with minimum lumen area <4 mm?, and total dense calcium

volume per patient were significantly associated with rSS (Table 4).

THREE-YEAR CLINICAL OUTCOMES

As shown in Tahle 5 and Figure 2A, there was a significant dif-
ference in three-year cumulative non-culprit-related MACE
rates (5.7% versus 11.9% versus 19.7%, lowest to highest rSS,
p=0.004). The difference was mainly due to rehospitalisation for
unstable or progressive angina. There were no significant differ-
ences in culprit-related MACE (Figure 2B) or MACE combining
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non-culprit, culprit, and indeterminate events (Figure 2C) among
the three groups. On multivariable analysis, rSS, >1 lesion with
plaque burden >70%, and insulin-treated diabetes mellitus were
independent predictors of non-culprit-related MACE (Table 6).

ROC ANALYSIS, NRI, AND IDI

When 1SS was added to the model by clinical factors, prediction
of non-culprit MACE was significantly improved using IDI, but
not using NRI or ROC analyses (Table 7, Figure 3). When IVUS
(patient with >1 lesion with VH-TCFA or plaque burden >70%)
was added to the model based on clinical factors and rSS, non-cul-
prit MACE prediction was significantly improved in all models.

Discussion

The present study demonstrates a significant association among
1SS, plaque morphology (based on greyscale IVUS and VH-IVUS),
and non-culprit-related MACE, as well as an improved risk pre-
diction of non-culprit-related MACE using rSS combined with
greyscale IVUS and VH-IVUS findings (Figure 4).
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Figure 1. Correlation between baseline SYNTAX score and residual SYNTAX score, and residual SYNTAX score and delta SYNTAX score.
A) Baseline SYNTAX score and residual SYNTAX score. B) Residual SYNTAX score and delta SYNTAX score. The range of residual SYNTAX
score varied considerably in patients with high baseline SYNTAX score. There was no correlation between the residual SYNTAX score and the

delta SYNTAX score (R°=0.01, p=0.03). Each point may represent more than one patient.
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Table 3. Patient-level greyscale IVUS and VH-IVUS findings of non-culprit lesions.

Greyscale IVUS

0 <rSS <8

Number of non-culprit lesions 5 (3-6) 5 (4-6) 5 (4-6) 0.10
>1 echolucent plaques 11.1(19/171) 17.6 (61/347) 21.6 (29/134) 0.04
>1 plaque ruptures 9.4 (16/171) 13.8 (48/347) 21.6 (29/134) 0.009
Total length of non-culprit lesion, mm 63.0 (37.2-95.0) 72.7 (46.0-102.2) 86.5 (54.6-122.7) 0.0001
Plague+media volume, % 48.2 (45.5-51.0) 49.2 (46.8-52.0) 50.6 (48.1-53.5) <0.0001
Normalised EEM CSA, mm3/mm 16.1 (14.1-18.5) 15.8 (13.7-18.2) 16.7 (14.1-19.3) 0.08
Normalised lumen CSA, mm3/mm 8.3 (7.0-9.6) 8.0 (6.8-9.2) 8.1 (6.7-9.8) 0.04
Normalised plague+media CSA, mm3/mm 7.8 (6.7-9.1) 7.8 (6.6-9.2) 8.6 (7.1-9.9) 0.008
VH-IVUS | n=161 | n=322 n=124 |
Fibroatheroma (VH-TCFA or ThCFA) 2(1,4) 3(2,4) 3(2,4) 0.04
Total necrotic core volume per patient, mm?3 28.1(10.7-51.7) 35.8 (17.0-67.2) 43.2 (21.2-84.1) 0.002
Normalised necrotic core CSA, mm3/mm 0.5(0.3-0.7) 0.5 (0.3-0.8) 0.6 (0.3-0.9) 0.08
Total dense calcium volume per patient, mm3 10.8 (3.5-24.0) 14.9 (6.6-33.5) 21.5(8.1-43.0) <0.0001
Normalised dense calcium CSA, mm3/mm 0.2 (0.1-0.3) 0.2 (0.1-0.4) 0.3 (0.1-0.5) 0.0007
High-risk plaque characteristics

>1 lesion with minimum lumen area <4 mm? 42.1(72/171) 59.1 (205/347) 62.7 (84/134) 0.0002
>1 lesion with plaque burden >70% 24.0(41/171) 32.9(114/347) 47.8 (64/134) <0.0001
>1 VH-TCFA 54.7 (87/159) 55.1(177/321) 50.8 (63/124) 0.70

Values are median (first and third quartiles) or % (n/N). CSA: cross-sectional area; EEM: external elastic membrane; IVUS: intravascular ultrasound;
rSS: residual SYNTAX score; TCFA: thin-cap fibroatheroma; ThCFA: thick-cap fibroatheroma; VH: virtual histology
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Figure 2. Kaplan-Meier curves showing major adverse cardiac events (MACE) up to three years. A) Non-culprit-related MACE. B) Culprit-
related MACE. C) Any MACE. rSS: residual SYNTAX score
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Residual SYNTAX score, non-culprit MACE, and IVUS

Table 4. Univariable and multivariable linear regression model to predict residual SYNTAX score.

Variable

Univariable

Regression
coefficient (95%

cI)

Multivariable

Regression
coefficient (95% Cl)

Patients with >1 lesion with plaque burden >70% 1.95(1.10-2.80) 0.000001 |1.15(0.20-2.10) 0.02
Patients with >1 lesion with minimum lumen area <4 mm?2 1.63 (0.82-2.44) 0.0001 1.00 (0.10-1.90) 0.03
Patients with >1 lesion with virtual histology thin-cap fibroatheroma|-0.10 (-0.94 t0 0.75) | 0.82 - —
Total dense calcium volume per patient, mm? 0.03 (0.02-0.04) 0.00002 |0.02 (0.006-0.04) 0.008
Total lesion length per patient, mm 0.02 (0.01-0.03) 0.00002 | 0.0009 (-0.01 to 0.01)| 0.89

Complete revascularisation is associated with more favourable
outcomes versus incomplete revascularisation®**'*3. Using data
from the PCI arm of the all-comers population of SYNTAX, Farooq
et al'? reported that complete revascularisation was associated with
significantly lower four-year mortality, revascularisation, stent
thrombosis, and major adverse cardiac and cerebrovascular events.
A meta-analysis also showed that complete revascularisation was
associated with reduced cardiovascular events among PCl-treated

Table 5. Three-year clinical outcomes.

patients, including long-term mortality, myocardial infarction, and
repeat revascularisation'®; however, those studies investigated the
association between rSS and overall MACE including both culprit-
related and non-culprit-related MACE. The present study is unique
in focusing on non-culprit events to demonstrate that the rSS inde-
pendently predicted non-culprit-related MACE and that complete
revascularisation was associated with the lowest rate of non-cul-
prit-related MACE. In addition to the rSS, insulin-treated diabetes

r$S=0 0 <rSS <8 1SS >8 p-value
Non—culprit-related MACE
Cardiac death 0 0 0 -
Cardiac arrest 0 0 0 -
Myocardial infarction 2.0% (3) 0.6% (2) 0.8% (1) 0.42
Rehospitalisation for unstable or progressive angina 3.7% (6) 11.3% (37) 19.7% (26) <0.0001
MACE (composite of above) 5.7% (9) 11.9% (39) 19.7% (26) 0.0003
Revascularisation 5.7% (9) 11.0% (36) 16.6% (22) 0.004

Culprit-related MACE

Indeterminate MACE

Cardiac death 0.6% (1) 0.0% (0) 0.0% (0) 0.25
Cardiac arrest 0.6% (1) 0.3% (1) 0.0% (0) 0.66
Myocardial infarction 1.8% (3) 1.5% (5) 3.9% (b) 0.27
Rehospitalisation for unstable or progressive angina 9.7% (16) 11.5% (38) 15.1% (20) 0.27
MACE (composite of above) 11.4% (19) 12.6% (42) 16.7% (22) 0.31
Revascularisation 10.3% (17) 10.5% (35) 13.7% (18) 0.50
Definite or probable stent thrombosis 2.3% (4) 1.5% (5) 3.1% (4) 0.54

Cardiac death 1.2% (2) 1.8% (6) 1.5% (2) 0.87
Cardiac arrest 0 0.3% (1) 0.0% (0) 0.64
Myocardial infarction 0.6% (1) 0.0% (0) 0.0% (0) 0.25
Rehospitalisation for unstable or progressive angina 0 0.9% (3) 1.6% (2) 0.32
MACE (composite of above) 1.8% (3) 2.7% (9) 3.1% (4) 0.75

Cardiac death 1.8% (3) 1.8% (6) 1.5% (2) 0.98
Cardiac arrest 0.6% (1) 0.6% (2) 0.0% (0) 0.68
Myocardial infarction 4.3% (7) 2.1% (7) 4.7% (6) 0.26
Rehospitalisation for unstable or progressive angina 12.1% (20) 17.7% (59) 25.4% (34) 0.004
MACE (composite of above) 16.8% (28) 20.0% (67) 27.0% (36) 0.04
Revascularisation 14.6% (24) 16.5% (55) 23.4% (31) 0.053

Event rates are shown as Kaplan-Meier estimate percentage (number of events). MACE: major adverse cardiac events; rSS: residual SYNTAX score
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Table 6. Univariable and multivariable Cox proportional hazard model to predict non-culprit major adverse cardiac events.

Variable

Univariable Multivariable

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

Residual SYNTAX score 1.08 (1.05-1.12) 0.000003 1.05 (1.01-1.09) 0.008
Insulin-treated diabetes mellitus 3.45(1.39-8.57) 0.007 3.84 (1.48-9.97) 0.006
Patients with >1 lesion with plaque burden >70% 2.82(1.77-4.49) 0.00001 2.06 (1.22-3.48) 0.007
Patients with >1 lesion with virtual histology thin-cap fibroatheroma 1.69 (1.02-2.80) 0.04 1.65 (0.99-2.76) 0.056

Patients with >1 lesion with minimum lumen area <4 mm?

1.61 (0.99-2.61) 0.053 1.05 (0.62-1.79) 0.86

Prior percutaneous coronary intervention

1.97 (1.08-3.59) 0.03 1.67 (0.87-3.19) 0.12

1.00

0.75

2
s
S 050
3
0254
— Insulin-treated DM + prior PCI
—— Model 1+rSS
— Model 2+VH-TCFA
000 —— Model 2+plaque burden >70%
000 025 050 075 100
1 - Specificity
5 p-value p-value
Model Parameter AUC 95% CI vs.model1 vs. reference
1 Insulin-treated DM+priorPCI ~ 0.56  0.51-0.61 - 0.02
2 Model 1+rSS 0.61  0.53-0.68 0.22 0.0004
3 Model 2+VH-TCFA 0.63  0.56-0.70 0.01 <0.0001
4 Model 2+plaque burden >70% 0.66  0.59-0.73 0.004 <0.0001

Figure 3. Receiver operating characteristic (ROC) curves for
non-culprit-related major adverse cardiac events (MACE). On ROC
analysis, the p-value for each model versus reference was significant.
The p-values for model 3 versus model 1 and model 4 versus model 1
were also significant (p<0.0001 for both). Conversely, model 2
versus model 1 was not significant. AUC: area under the curve;

CI: confidence interval; DM: diabetes mellitus; PCI: percutaneous
coronary intervention; rSS: residual SYNTAX score;

VH-TCFA: virtual histology thin-cap fibroatheroma

mellitus and >1 lesion with plaque burden >70% were also inde-
pendent predictors of non-culprit-related MACE. Insulin-treated
diabetes mellitus was a predictor of non-culprit-related MACE in
PROSPECT?, and having >1 lesion with a plaque burden >70% is
a predictor of non-culprit-related MACE in ATHEROREMO-IVUS’
as well as in PROSPECT.

The present study also showed that greyscale IVUS and
VH-IVUS plaque morphology was significantly correlated with
rSS. Plaque burden >70% and minimum lumen area <4 mm?, the
high-risk plaque characteristics in PROSPECT®, were independ-
ent correlates of 1SS in the present study. Because 1SS focuses on
luminal stenosis and lesion complexity and does not assess plaque
vulnerability, IVUS findings could add complementary informa-
tion to the angiographic rSS. Combining rSS and IVUS may be
a better predictor for future non-culprit-related events. Moreover,
the present study also demonstrated the significant correlation
between rSS and total dense calcium volume. This is reasonable
because calcification is a component of the SS°.

Several studies have reported that rSS**'213 or IVUS find-
ings such as plaque burden >70%, minimum lumen area
<4 mm?, and VH-TCFA’’ were independent predictors of car-
diac events. Bourantas et al'* showed that demographic fac-
tors had poor discrimination in detecting patients with high-risk
plaque characteristics related to non-culprit-related MACE and
that discrimination was slightly improved when angiographic
factors were considered. The present study showed that the pres-
ence of >1 lesion with plaque burden >70% or >1 VH-TCFA

Table 7. Incremental predictive value of residual SYNTAX score and intravascular ultrasound findings for non-culprit-related major

adverse cardiac events.

Net reclassification improvement

Model 1: insulin-treated DM+prior PCI

‘ Integrated discrimination improvement

Model 2: model 1+rSS

Model 2 versus model 1 ‘

0.059 (p=0.24) | 0.035 (p=0.005)

Model 3: model 2+>1 VH-TCFA

Model 3 versus model 2 ‘

0.287 (p=0.02) | 0.014 (p=0.07)

Model 4: model 2+>1 plaque burden >70%

Model 4 versus model 2 ‘

0.237 (p=0.003) | 0.035 (p=0.0004)

DM: diabetes mellitus; PCI: percutaneous coronary intervention; rSS: residual SYNTAX score; VH-TCFA: virtual histology thin-cap fibroatheroma




Residual SYNTAX score, non-culprit MACE, and IVUS

Hazard ratio

DM (insulin-treated) Residual SS Plaque burden >70%
3.84 X 1.05 X 2.06

Patient characteristics Angiogram VH-IVUS Non-culprit event
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Figure 4. Prediction of future non-culprit lesion-related events. Patient characteristics (insulin-treated DM, hazard ratio [HR]=3.84), residual
SYNTAX score (rSS, HR=1.05), and IVUS morphology (plaque burden >70%, HR=2.06) were independently associated with non-culprit
lesion-related events (Table 6). Identification of each risk improved prediction of future events. DM: diabetes mellitus; MLA: minimum lumen

area; VH-TCFA: virtual histology thin-cap fibroatheroma

significantly improved risk prediction of non-culprit-related
MACE beyond 1SS and clinical factors such as insulin-treated
DM and prior PCI. Thus, morphological assessment by IVUS
may contribute to better prediction of high-risk patients com-
pared with angiographic assessment alone.

Study limitations

First, as a post hoc analysis, the results of the present study
should be considered exploratory and hypothesis-generating.
Angiographic and IVUS characteristics of patients enrolled in this
study had low-intermediate lesion complexity with relatively low
baseline SS. Further studies with higher lesion complexity are
warranted. Second, significant differences in non-culprit-related
MACE rates were mainly due to rehospitalisation for unstable
or progressive angina; the impact of rSS on survival should be
confirmed in larger populations. Third, as the indication of PCI
during the index procedure was left to the operators’ discretion
in PROSPECT, there could be a selection bias for untreated non-
culprit lesions. Interpretation of IVUS findings at the time of
intervention was not performed by a core lab; thus, lesions with
high-risk plaque assessed by IVUS should not have been treated
during the index procedures.

Conclusions

This PROSPECT substudy demonstrated the significant associa-
tions between rSS, plaque morphology based on greyscale IVUS
and VH-IVUS, and non-culprit-related MACE. IVUS findings,
such as plaque burden >70%, minimum lumen area <4 mm? and
total dense calcium volume, were significantly correlated with

rSS, and rSS and plaque burden >70% independently predicted
non-culprit-related MACE.

Impact on daily practice

IVUS findings, such as plaque burden >70%, minimum lumen
area <4 mm? and total dense calcium volume, were signi-
ficantly correlated with rSS, and higher rSS and plaque burden
>70% are independent predictors of the risk of non-culprit-
related MACE.
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