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Abstract

The Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score (SS) has 
significantly improved angiographic risk stratification. By analyzing angiographic variables, this score characterizes 
coronary artery disease qualitatively and quantitatively. To date, combining this score with other non-angiographic clini-
cal scores has broadened perspectives regarding risk estimation, and future research on this topic appears promising.

Keywords: coronary artery disease; risk stratification; SS; risk estimation; non-angiographic clinical scores

Introduction

The Synergy Between Percutaneous Coronary 
Intervention with Taxus and Cardiac Surgery 
(SYNTAX) score (SS) was created by the SYNTAX 
study to objectively assess the severity and scope of 
coronary artery disease (CAD) [1]. The ability of 
the SS to predict ischemia events after percutane-
ous coronary intervention (PCI) has been demon-
strated in the SYNTAX trial and in other data [2–4]. 
Later, clinical applications of SS were developed 
[5, 6]. Increasing the number of clinical variables 
in the SS has been found to significantly influence 
risk classification [7, 8]. In this study, we aimed to 
provide information regarding the utility of SS and 
SS-derived scores in the assessment of CAD.

A PubMed search using the keywords “SS” and 
“coronary artery disease” yielded 1271 references 

spanning the years 2005 to 2021. The search was 
narrowed by removal of duplicate articles. The 202 
articles remaining were scrutinized to ensure that 
they examined the SS and CAD. Articles that did 
not satisfy these criteria were rejected. This review 
focuses on the clinical and pathological connections 
between the SS and CAD. In Tables 1–3, we list the 
major themes of the references. 

SYNTAX Score

Coronary arteries can be analyzed with quantita-
tive factors. The American Heart Association’s 
Arterial Revascularization Therapies Study (ARTS) 
has mapped coronary artery segment classifica-
tion (openly accessible web-based score calculator: 
http://www.syntaxscore.com; Figure  1) [9]. Each 
coronary segment is identified by its left ventricular 
perfusion percentage and myocardial mass (Figure 2 
from an openly accessible web-based score calcu-
lator: http://www.syntaxscore.com). Each serious 
lesion is visually evaluated and scored according to 
the American Heart Association’s criteria. Table 4 
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displays the scoring based on several specific lesion 
features. The final score is divided into three cate-
gories: low, medium, and high (low: 0–22, medium: 
23–32, and high: >32) [29].

The SYNTAX study (multivessel, left main [LM] 
vessel) involving 1800 patients was the first research 
to use SS [2]. After 1 year, the CABG group had 

fewer MACEs than the PCI group. While the 1-year 
MACE rates in SS tertiles treated with PCI gradu-
ally increased, the MACE rates in all SS tertiles 
treated with CABG remained similar. The recent 
SYNTAX study’s 5-year results have revealed that 
patients who underwent CABG had a lower 1-year 
MACE rate than patients who underwent PCI [10]. 

Figure 1  SYNTAX Score Developed by the American Heart Association with ARTS.

Figure 2  Specifying Lesion Segments.
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However, data from the FREEDOM study, which 
included 1900 patients, has reported contradictory 
findings [11]. At 1 and 5 years of clinical follow-up, 
the MACE rates were the same in the CABG and 
PCI groups. The SYNTAX and FREEDOM studies 
had flaws in that patients were stratified with the 
same tertile threshold; consequently, the relation-
ships between threshold values and outcomes are 
unclear.

In patients with unprotected LM CAD undergo-
ing PCI, SS has significant prognostic value [12]. 
Tertiles with a high SS have higher rates of com-
pound ischemic outcomes (death, MI, target lesion 
revascularization, or TVR) [13, 14]. SS has been 
found to be critical in determining the best revas-
cularization strategy for patients with unprotected 
LM CAD [30].

The ACUITY study has found that SS had prog-
nostic value in 2627 patients with non-ST-segment 
elevation MI (NSTEMI) who were treated with 
PCI. In that study, the upper tertile of SS was asso-
ciated with more ischemic events than the lower 
second tertile, and predicted MACE at 1 year. This 

study has emphasized the prognostic value of SS in 
patients with acute coronary syndrome (ACS) and 
provided more detailed information on its prognos-
tic value than the SYNTAX study [15]. The role of 
SS in the prognosis of ST-segment elevation MI 
(STEMI) has also been investigated. SS has been 
found to be a 1-year MACE predictor in patients 
with STEMI and to be associated with high tertile 
ischemic events [16]. A limiting factor in SS is the 
inability to score clinical variables. Comorbidities 
can have different short- and long-term outcomes in 
patients with similar scores [17]. To compensate for 
these limitations, clinical-based scores have been 
incorporated into the SS (openly accessible web-
based score calculator: http://www.syntaxscore.
com; Figure 3).

Clinically Based Risk Scores

Global Risk Classification

Global risk classification (GRC), a hybrid of the SS 
and EuroSCORE, improves SS’s predictive abil-
ity. GRC has been found to predict cardiac mor-
tality better than SS in multivessel disease and to 

Table 4  Specific Lesion Scoring in SS.

Aorto ostial stenosis +1
Bifurcation, Medina classification
  Type 1-0-0, 0-1-0, 1-1-0 +1
  Type 1-1-1, 0-0-1, 1-0-1, 0-1-1 +2
  Angulation (<70) +1
Trifurcation
  1/2/3/4 diseased segment +3/ + 4/ + 5/ + 6
Diameter reduction
  Total occlusion *5
  Significant lesion, 50%–99% *2
TO
  Age >3 months or unknown +1
  Blunt stump +1
  Bridging +1
  First segment visible beyond TO +1/nonvisible segment
SB
  <1.5 mm or ≥1.5 mm +1/ + 1
  Severe tortuosity +2
  Length >20 mm +1
  Heavy calcification +2
  Thrombus +1
  Diffuse disease/small vessels +1/segment

SB: side branch; SS: SYNTAX score; TO: total occlusion.

Age (years)

Crcl

LVEF (%)

Left main

Gender

COPD

PVD No Yes

No Yes

No Yes

mL/min

Male Female

Figure 3  Integrating Clinical Variables into the SYNTAX 
Score (SYNTAX II).

http://www.syntaxscore.com
http://www.syntaxscore.com
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improve net reclassification by 26% in patients with 
LM lesions undergoing PCI [18]. In a similar study, 
GRC has been found to be more predictive than SS 
or EuroSCORE alone in patients with LM or multi-
vessel lesions [19].

Clinical SS

Clinical SS is SS in combination with a modified 
age, creatinine clearance, and ejection fraction 
(ACEF). With a combination of three clinical vari-
ables in patients with CABG, results with accu-
racy comparable to that of EuroSCORE have been 
obtained [20]. Clinical SS is calculated by adding 
the SS and modified ACEF scores. Clinical SS has 
been found to outperform SS alone or the modi-
fied ACEF score in predicting 5-year mortality and 
MACE [21]. Tertiary clinical SS increases mor-
tality, MACE, and revascularization rates. Girasis 
et  al. have also demonstrated that clinical SS is 
more valuable than SS alone in predicting mortal-
ity [22].

Logistic Clinical SS

Logistic clinical SS was created to address the 
limitations of SS and clinical SS. The multivari-
ate logistic model did not produce SS or clinical 
SS, whereas the random ordering of the lesion site 
and complexity did. A score sheet based on logistic 
clinical SS variables has been created for individual 
risk assessment. Compared with the SS, this score 
has been found to be successful in predicting 1-year 
mortality but not MACE. Logistic clinical SS also 
has been demonstrated to provide accurate risk esti-
mation in patients with ACS [23].

Functional SS

Fractional flow reserve (FFR) has been incor-
porated into the SS to distinguish between visual 
assessments, and it provides the benefit of causing 
fewer adverse ischemic events in complex lesions 
than angiography-guided PCI. In terms of interob-
server reproducibility, functional SS outperforms 
SS. Functional SS is a potential tool for risk strati-
fication and revascularization strategies, but it has 
been limited by a lack of prospective validation in 

complex lesions, its limited discriminatory power, 
and its time-consuming nature [24, 25].

Residual SS

Incomplete revascularization is a key cause of 
increased ischemic event risk after PCI in patients 
with high SS. The residual SS (rSS) has been 
improved to classify residual lesions after PCI. The 
calculation of RSS after PCI distinguishes it from 
SS. In ACS, RSS has been found to predict mortality 
and 1-year MACE. RSS has also been found to out-
perform baseline SS in terms of discrimination and 
predictive value for MACE. rSS, like basic SS, aids 
in the selection of a potential revascularization strat-
egy by providing a uniform and standardized char-
acterization of residual coronary lesions [26, 27].

CABG SS

Because SS was initially intended for native lesions, 
the CABG SS was created. This score is a combina-
tion of the basic SS calculation and scoring based 
on graft functionality. One limitation of this score is 
that the type of graft used is not included [28].

SS-II

SS-II was created to help physicians make better 
decisions regarding whether to perform CABG or 
PCI in complex coronary lesions. For long-term 
mortality prediction, SS-II, which integrates clini-
cal variables with anatomical SS, provides a bal-
ance between CABG and PCI [31]. In patients with 
STEMI undergoing PCI, Girasis et al. [22] discov-
ered that combining clinical variables with anatom-
ical SS has a more accurate predictive value than 
only anatomical SS. Clinical SS outperforms ana-
tomical SS in terms of 5-year all-cause mortality. 
SS-II has been found to predict in-hospital mortality 
and MACE in patients with STEMI and cardiogenic 
shock. SS-II is becoming increasingly important as 
a predictor of in-hospital outcomes in patients with 
STEMI.

SS-III

FFR derived from coronary CTA has been used 
to calculate a secondary endpoint including the 
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physiological component (FFRCT). The anato
mical lesion score (EQUALS Functional SS) 
is reduced when a lesion is not physiologically 
significant. The SS-III is determined by combin-
ing the functional SS with clinical features and 
comorbidities (Figure 4). The performance of rec-
ommended treatments when both CTA and con-
ventional angiography are used has been found to 
reach 81%. FFRCT inclusion results in a change 
in treatment plans in approximately 16% of cases 
[33]. In the SYNTAX-III Revolution study, coro-
nary CTA evaluation with FFRCT was feasible in 
196 (87.9%) of 223 patients with multiple coronary 
lesions [32].

Recent Studies

Takahashi et al. have demonstrated that the newly 
developed SS-II 2020, which predicts 10-year mor-
tality and 5-year MACE, may be useful in patients 
selected for CABG or PCI, thus allowing for the 
best revascularization strategy [34]. Hara et al. have 

observed that the logistic clinical SS outperforms 
the anatomical CABG SS in predicting 2-year mor-
tality [35].

According to Modolo et al. [36], in the EXCEL 
study, SS-II overestimates 4-year mortality in 
patients with LM lesions. The modified SS can 
aid in the optimization of predilation, scaffold/
stent sizing, and postdilation procedures [37]. 
According to Kawashima et al. [38], the prewiring 
updated logistic clinical SS is more accurate than 
the postwiring SS.

SS-II predicts major adverse events and cardiac 
death more successfully [39]. Kashiwagi et al. [40] 
have combined the rSS with clinical factors to pro-
duce a combined score. This composite score is 
computed with the SS-II calculator, with rSS rather 
than SS. The combined score may help predict long-
term mortality after PCI.

Lee et  al. [41] have observed a strong relation-
ship between increased exercise capacity after PCI 
and an integrated anatomical and functional scor-
ing system (residual functional SS). According to 
Shabbir et  al. [42], a calculated coronary artery 
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syntax
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calcium score greater than 212 may be associated 
with SS. Matos et al. [43] have demonstrated that 
the Gensini score and thrombus burden improve the 
predictive value of SS in the detection of no-reflow.

Wang et  al. [44], in contrast, have found that 
the atherogenic index of plasma is associated with 
the SS and may help prevent CAD in the Chinese 
population. According to Kahraman et  al. [45], a 
high neutrophil/lymphocyte ratio is an independent 
predictor of elevated rSS in patients with STEMI. 
Basman et al. [46] have observed significant inter- 
and intra-user variability in the calculation of SS. 
Therefore, they view the use of SS in the revascu-
larization strategy with skepticism.

According to Erdogan et al. [47], the fibrinogen-
albumin ratio may be useful in predicting mod-
erate-to-high SS in patients with NSTEMI. Low 
endothelial progenitor cell count or activity, as well 
as attenuated nitric oxide synthase, have been asso-
ciated with poor endothelial function in patients 
with high SS. These findings suggest that novel sur-
rogate markers for SS in CAD severity prediction 
might be developed [48].

Advantages of CABG vs. PCI

PCI and CABG are the two basic revascularization 
procedures used in patients with LM or multives-
sel CAD [49]. Recent research has suggested that 
CABG may be more advantageous and efficacious 
in individuals with diabetes mellitus and multives-
sel CAD [50]. PCI is a favorable alternative for 
patients with a low SS, but CABG is indicated for 
those with a high SS [29]. Another study linked PCI 

to poorer clinical outcomes in patients with high SS 
[51]. The ARTS II registry has also found that PCI 
revascularization is associated with poorer clinical 
results among patients with higher SS, thus dem-
onstrating the advantages of CABG in these indi-
viduals [52]. However, whereas the SS has cut-off 
values of 16 and 24, the cut-off value in that study 
was 33. Similarly, a retrospective study has found 
that patients who had CABG recommended on the 
basis of a high SS but refused and chose PCI have 
an elevated risk of cardiac adverse events. [53] Even 
when the clinical SS is used to predict the best treat-
ment approach, if patients with a high score refuse 
CABG in favor of PCI, subsequent outcomes have 
been found to be poorer.

Conclusions

More scientific research is needed to determine 
the cutoff value of the SS for risk stratification in 
various clinical situations. The SS-II and FFRCT 
risk scores have resulted in significant advances 
in risk stratification and thus are promising for 
future use.
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