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Abstract: Since the early days of coronary angiography, the extension and severity of coronary artery
disease (CAD) have been used for risk stratification. The SYNTAX score objectively characterizes CAD in
patients with multivessel disease. Furthermore, recalculating the SYNTAX score by the incorporation of the
functional component coronary stenosis (i.e., FFR) increases the discrimination for the risk of adverse events.
The calculation of the SYNTAX score derived from non-invasive modalities such as coronary computed
tomography angiography (CTA) has emerged as a mean to obtain the SYNTAX score before invasive cardiac
catheterization. Likewise, the computation of the non-invasive fractional flow reserve CT (FFR¢p) allows for
the calculation of the non-invasive functional SYNTAX score. Ultimately, the combination of anatomical
and functional evaluations with clinical factors further refines the identification of patients at risk and
provides a recommendation for the Heart Team regarding the treatment strategy (i.e., PCI or CABG) based
on the predicted 4-year mortality. The purpose of this review is to describe the integration of a novel non-

invasive functional coronary assessment with the angiographic risk score in patients with multivessel CAD.
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Introduction Association proposed a new classification of coronary
lesions based on the risk of vessel occlusion associated

with balloon angioplasty (i.e., type A, B and C) (2). This

simple and practical lesion classification also was shown to

Since the early days of coronary angiography, the extension
and severity of coronary artery disease (CAD) have been
used for risk stratification. Risk scores were developed
based on the amount of myocardium at risk and coronary predict outcomes after bare-metal and drug-eluting stent
implantation; therefore, it has been widely adopted by the
interventional community (3,4). In 2006, the SYNTAX

score was created to objectively quantify the extension and

lesion characteristics. In 1977, the Duke Jeopardy score
was introduced. It was based on the amount of jeopardise
myocardium which was defined by the localisation of a

coronary stenosis (i.e., proximal, mid or distal segment) (1).
In 1981, after the introduction of balloon angioplasty, the
American College of Cardiology and the American Heart
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severity of CAD in patients with multivessel disease (5).
Further improvement in the accuracy of risk stratification
was observed with detailed physiologic analysis recalculating
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the SYNTAX score based on the functional component
of the lesions (6). In addition, a non-invasive approach
for the SYNTAX score derived from coronary computed
tomography angiography (CTA) has been described as
a mean of obtaining the SYNTAX score before invasive
heart catheterization (7). Likewise, the computation of
the non-invasive fractional flow reserve derived from CT
(FFR¢y) allows for the calculation of the non-invasive
functional SYNTAX score. Ultimately, the integration of
the functional SYNTAX Score with clinical factors using
the SYNTAX score II further identifies patients who
might benefit from a particular type of revascularization
(i.e., PCI or CABG). The SYNTAX score II provides
a recommendation for the Heart Team regarding the
treatment strategy (i.e., PCI or CABG) based on the
predicted 4-year mortality. The purpose of this review is to
describe the integration of a novel non-invasive functional
coronary assessment with the angiographic risk scores in
patients with multivessel CAD.

The SYNTAX score: a milestone in interventional
cardiology

The SYNTAX score was developed in the context of the
SYNTAX Trial (Synergy between PCI with Taxus and.
Cardiac Surgery) with the aim to help the Heart Team to
objectively characterize the severity and extension of CAD
in patients with multivessel disease, aiding in the decision-
making process between PCI and CABG (8). The SYNTAX
score is an anatomical scoring system based on the number
of coronary lesions. Lesions are defined by a visual
diameter stenosis >50% in vessels greater than 1.5 mm
in diameter assessed by invasive coronary angiography
(ICA) (9). Coronary segments are identified according to
the modification made to the American Heart Association
classification by the Arterial Revascularization Therapies
Study (ARTS) investigators (10). Each coronary segment is
weighted based on the amount of subtended myocardium
as described by Leaman er 4/. (11). Additional points are
granted depending on high-risk lesion characteristics (i.e.,
long lesions, calcification, bifurcation, etc.). The score from
each lesion is summed to obtain the final SYNTAX score.
The SYNTAX has shown to correlate with major adverse
cardiovascular events [MACE (all-cause death, myocardial
infarction, stroke and target vessel revascularization)] rates
after PCI. In the SYNTAX trial, MACE rates increased
progressively according to the SYNTAX score tertiles,
i.e., for the low SYNTAX score [0-22] 14.5% events rate,
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medium score group [23-32] 16.7% events rate and high
score group [>32] 23.4% (12). Interestingly, in the CABG
arm of the trial, no impact of the SYNTAX score on the
MACE rate was observed. External validations of the
SYNTAX score in a broad range of patient populations
have been performed. The SYNTAX score has proved
to be an independent predictor of mortality, myocardial
infarction, and stent thrombosis (13,14). The SYNTAX
score is advocated in both the European and American
revascularization guidelines for decision making between
PCI and CABG and has been used as inclusion criteria
in the recently published EXCEL trial (15,16). Figure 1
shows the chronological development of the SYNTAX and

derived scores.

Functional SYNTAX score: anatomy meets
physiology

Over the past decade, there has been an increased
awareness of the importance of the functional component
of an anatomical obstruction, namely the influence of a
coronary stenosis on blood flow and pressure. Fractional
flow reserve (FFR), the ratio of the distal and proximal
pressures of an epicardial coronary stenosis has proved
to accurately detect myocardial ischemia and is now
recognised as the gold standard (17). In lesions with
FFR >0.80, coronary interventions can be safely deferred
regardless of the obstruction severity (18). Moreover,
FFR-guided PCI has reduced the rates of MACE
compared to angiography-guided PCI (17). Against this
background, the functional evaluation of coronary lesion
was translated into the SYNTAX score, recalculating the
score counting only ischemia-producing lesions (i.e., FFR
<0.80) to create a physiology-based SYNTAX score. The
functional SYNTAX score was validated in 497 patients
from the Fractional Flow Reserve vs. Angiography for
Multivessel Evaluation (FAME) study. The occurrence of
death and myocardial infarction increased according to the
functional SYNTAX score tertile (4.8%, 7.5% and 15.8%
in the low, medium and high score, respectively) (19).
The use of the functional SYNTAX score reclassified
32% of the patients from the high to the medium risk
SYNTAX score whereas 59% of the cases were reclassified
from medium-risk to the low-risk group. Furthermore,
the functional SYNTAX score had demonstrated a
better predictive accuracy for the occurrence of MACE
compared to the anatomical SYNTAX score with higher
inter-observer reproducibility (19).
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Figure 1 The evolution of the SYNTAX score.

Anatomical SYNTAX score derived from CTA

Coronary CTA has emerged as a method for CAD diagnosis
and PCI planning (20). The presence of atherosclerotic
plaque, its localization, morphology and composition can
be assessed. Moreover, the degree of luminal obstruction,
presence and extension of calcium, bifurcation lesions and
the optimal angle for interventions are obtained using
coronary CTA (20). Novel CT scanners have a spatial
resolution of 250-400 microns, which is in the range of the
resolution achieved by invasive angiography systems (i.e.,
200 microns). Therefore, the comprehensive and accurate
non-invasive evaluation allows for the calculation of the
anatomical SYNTAX score in patients with multivessel

disease before invasive procedures (7).
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Coronary CTA vs. angiography-based SYNTAX
score: a systematic review and meta-analysis

The coronary CTA-derived SYNTAX score has been
evaluated in several studies with ICA as a reference.
Overall, seven studies comprising n=1,100 patients
have been published (14,15,21-25). A high correlation
between coronary CTA and the ICA-derived SYNTAX
score was found. The mean difference of the SYNTAX
score between modalities ranged from -2.5 to 4.5 points.
Overall, no difference was found between coronary CTA
and the ICA-derived SYNTAX score. The weighted
mean difference using the random-effect model was 0.6
(95% CI, -1.4 to 2.7; P=0.553), with a high heterogeneity
among studies (Cochran Q =56.9, I 57%, P=0.0001)
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Table 1 Summary of studies comparing the anatomical SYNTAX score derived from coronary CTA and invasive angiography

Author n CT SYNTAX score Angiography SYNTAX score
Papdopoulou et al. 50 10.5 (IQR: 5.0-20.7) 13.0 (IQR: 7-24)
Suh et al. 399 7.0 (IQR: 3-14) 7.0 (IQR: 2-14)
Shalev et al. 302 10.9+8.3 10.2+8.0
Pozo et al. 57 26 (IQR: 18-36) 23 (IQR: 17-30.3)
Kerner et al. 104 10.3+6.9 14.2+10.3
Ylceler et al. 108 14.5 (IQR: 9-20.1) 15.9 (IQR: 7.3-21.1)
Wolny et al. 90 16.0 (IQR: 14.3-19.4) 11.5 (IQR: 10.2-14.0)
Differences in means in studies comparing coronary
CTA and angiography derived SYNTAX score
Study name Statistics for each study Difference in means and 95% Cl
Difference Lower Upper Relative
inmeans limit limit p-Value weight

Papdopoulou et al. -2.5 -7.2 22 0.302 9.4% e

Suh et al. 0.0 -1.1 1.1 1.000 17%

Shalev et al. 0.7 -0.6 2.0 0.291 16.8%

Pozo et al. 3.0 -1.2 7.2 0171 10.3%

Kerner et al. -1.9 -4.2 0.4 0.118  14.6%

Yiceler et al. -0.4 -2.8 2.0 0.751  14.4%

Wolny et al. 4.5 3.5 5.4 0.000 17.3%

Summary 0.6 1.4 27 0553

-8.0 -4.0 0.0 4.0 8.0

Random effect-model

Heterogeneity Cochran Q= 56.9, I 57%, p 0.0001 Coronary CTA — Angiography SYNTAX Score

Figure 2 Forest plot of the mean differences in the anatomical SYNTAX score calculation between coronary CTA and invasive angiography.

CTA, computed tomography angiography.

computational fluid dynamic to these geometries, blood

(Table 1,Figure 2). Therefore, the CTA-derived SYNTAX

score can be used before cardiac catheterizations to
help the Heart Team recommend the strategy for
revascularization and aid in the procedural planning.
However, the agreement in the SYNTAX score between
modalities should be evaluated in the context of the
severity of the disease and the extent of calcification, since
these factors have been shown to interfere with accurate
coronary CTA assessment. More evidence is required
particularly in patients with multivessel disease.

Non-invasive functional SYNTAX score

Using coronary CTA, a three-dimensional (3D) patient-
specific coronary geometry can be generated. Applying a
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flow can be simulated to compute the non-invasive FFR.
The FFR derived from CT, i.e., FFR.; (HeartFlow Inc.,
Redwood City, California, USA) has been shown to have a
high correlation with invasive FFR. In the NXT Trial, which
included a low-risk population, the per-patient diagnostic
accuracy, sensitivity, specificity, PPV and NPV were 81%,
86%, 79%, 65%, and 93%, respectively (26). The diagnostic
performance of FFR¢r in a more complex population
still requires further validation. Using this technology, a
lesion-specific approach for the calculation of the non-
invasive functional SYNTAX score can be performed. In
the same manner as the invasive approach, the non-invasive
functional SYNTAX score is obtained by recalculating the
SYNTAX score counting only the ischemia-producing

Cardiovasc Diagn Ther 2017;7(2):151-158
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RCA

Anatomical CTA SYNTAX
Score

Long lesion segment 2 and
3
7 points

Non-Invasive Functional

SYNTAX Score

Lesion segment 2 and 3,
FFRcr distal 0.60

7 points

LAD

Anatomical CTA SYNTAX
Score

Lesion segment 6
9 points

Non-Invasive Functional
SYNTAX Score

Lesion segment 6, FFRct
distal 0.50

9 points

Lcx

Anatomical CTA SYNTAX
Score

Lesion segment 11

5 points

Non-Invasive Functional
SYNTAX Score

Lesion segment 11, FFRct
distal 0.73

5 points

Functional SYNTAX Score =
26

Figure 3 An example of the calculation of the non-invasive functional SYNTAX score. In the three main coronary vessels (RCA, LAD and
LCX) the anatomic lesions were functionally significant; therefore, the anatomical and functional SYNTAX.

lesions (i.e., FFR¢p <0.80) and providing a comprehensive
anatomical thus physiological risk stratification before an
invasive procedure. In the context of clinical trials, FFR¢r
computation has been shown to be feasible in more than
85% of the cases (26). The main reasons for the inability to
calculate the FFRr are image artifacts, extensive coronary
calcification or prior revascularization with metallic stents.
What is worth mentioning is the advent of ICA-derived
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FFR; this tool has potential to allow for the calculation of the
functional SYNTAX score after ICA without the need for
a pressure wire. In Figures 3,4, examples of the non-invasive

SYNTAX score derived from coronary CTA are shown.

The SYNTAX score llI: bringing it all together
The main limitation of the SYNTAX score is the lack of

Cuardiovasc Diagn Ther 2017;7(2):151-158



156

Collet et al. The non-invasive functional SYNTAX score

Figure 4 Anatomic and Functional SYNTAX score based on coronary CTA and invasive angiography. In the RCA (panel A), the anatomical
CTA-derived SYNTAX score was 2; however, this lesion was non-functionally significant (FFR¢r distal =0.89) thus no points are counted
for the non-invasive functional SYNTAX score. In panel B, the anatomical CTA-derived SYNTAX score in the LAD was 7 points; this
lesion was functionally significant (FFRr distal <0.5) thus the same amount of points were included in the non-invasive functional SYNTAX
score. In panel C, the anatomical CTA-derived SYNTAX score in the LCX was 3 points; this lesion was functionally significant (FFR¢r
distal =0.73) thus 3 points were included in the non-invasive functional SYNTAX score. The final CTA-derived anatomical SYNTAX score
was 12 points, whereas the non-invasive functional SYN'TAX score was 10 points. The bottom of the image portrays the corresponding

invasive angiography images with the corresponding invasive FFR. In this case, a complete agreement between the invasive and non-invasive

assessment was found. CTA, computed tomography angiography; FFR¢r fractional flow reserve CT.

clinical variables for a truly individualized approach (27).
The inclusion of clinical characteristics has significantly
enhanced risk prediction providing a personalized risk
stratification. The SYNTAX score II (www.syntaxscore.
com) is a multivariable Cox proportional model derived
from the SYNTAX trial data. It was shown to predict
4-year all-cause mortality in patients with multivessel or left
main disease treated with PCI or CABG (28). Independent
predictors of mortality that showed interaction effect with
the revascularization modality were included. To calculate
the SYNTAX score II, the patient’s clinical characteristics
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such as: gender, age, the presence of peripheral vascular
disease (defined as aorta or arteries others than coronaries,
with exercise-related claudication, revascularization surgery,
reduced or absent pulsation, or angiographic stenosis of
more than 50%), chronic obstructive pulmonary disease
(defined as the long-term use of chronic bronchodilator
or steroids for lung disease), the LVEF (as percentage)
and CrCl (defined by Cockcroft and Gault formula,
expressed in mL/min) are combined with the angiographic
presence of unprotected left main coronary disease and the
anatomical SYNTAX score to obtain the SYNTAX score

Cardiovasc Diagn Ther 2017;7(2):151-158
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II. The SYNTAX score II provides the patient predicted
4-year mortality if treated with PCI or CABG and a
recommendation for treatment with PCI and/or CABG.
For example, in a 60-year-old woman with a low anatomical
SYNTAX score (which favours PCI) and a reduced LVEF
(which favours CABG), the SYNTAX score II will favour
CAGSB due to a higher predicted 4-year mortality with PCL
In contrast, for a 73-year-old male with a high anatomical
SYNTAX score (which favours CABG), left main disease
and COPD (which favours PCI) with normal LVEF, the
SYNTAX score II will favour PCI compared to CABG.
Nevertheless, if the same patient presented without COPD,
the treatment recommendation would equipoise PCI and
CABG (6). This accurate individualized risk prediction
provided by the SYNTAX score II enhances the clinical
decision-making process aiding the Heart Team in the
selection for a revascularization strategy.

The ongoing SYNTAX III REVOLUTION Trial
(A Randomized Pilot Study investigating the use of CT
scans and angiography of the heart to help the doctors
decide which treatment is the best to improve the blood
supply to the heart in patients with complex CAD) will
randomize Heart Teams to assess patients using coronary
CTA with FFR¢ versus conventional ICA to decide the
revascularization strategy (i.e., CABG or PCI) in patients
with multivessel and/or left main disease (29). The non-
invasive functional SYNTAX score will be used to calculate
the SYNTAX score II. The results of this trial will provide
the foundation for the integration of the non-invasive
functional SYNTAX score in clinical practice.

Summary

Since the creation of the SYNTAX score, several derived
scores have been developed. The CTA-derived SYNTAX
score has been shown to provide an accurate assessment
of disease complexity prior to cardiac catheterization.
Furthermore, the incremental value of FFR with the
calculation of the non-invasive functional SYNTAX
score allows for a lesion-specific stratification. Finally, the
integration of the coronary anatomy and physiology with
the comorbidities offers a personalized risk stratification to
aid the Heart Team in the decision-making process for a
revascularization strategy.
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