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The value of syntax score to predict new-onset atrial fibrillation
in patients with acute coronary syndrome

Omer Faruk Cirakoglu® | Ahmet Oguz Aslan®? | Ali Riza Akyuz? | Selim Kul |
Sinan Sahin’ | Levent Korkmaz! | Muhammet Rasit Sayin®
1 )
A Even Triing o st Abstract
Hospital, University of Health Science, Background and aim: New-onset atrial fibrillation (NOAF) has been associated with
::eb::r:;::: Cardiology, Akgaabat poor outcome in patients with acute coronary syndromes (ACS). Also, Syntax score
Hackali Baba State Hospital, Trabzon, Turkey (SS) is a scoring system that is derived from angiographic images and is associated
Correspondence with long-term mortality and major adverse cardiac events. In this study, we aimed to
Omer Faruk Cirakoglu, Ahi Evren Kalp ve assess the relationship between SS and NOAF with known predictors of atrial
Damar Cerrahisi EAH, Kardiyoloji Anabilim fibrillation.
Dali, Saglik Bilimleri Universitesi, Trabzon,
Turkey. Methods: In a prospective, single-center, cross-sectional study, 692 patients who
Email: omerfcirakoglu@hotmail.com were diaghosed with coronary artery disease for the first time were enrolled con-
secutively. NOAF was defined as atrial fibrillation, which was documented after hos-
pital admission. SS was calculated by a computer software. Multivariable logistic
regression analyzes were used to detect the relationship between variables and
NOAF.
Results: New-onset atrial fibrillation was detected in 82 patients (11.8%). Patients
with NOAF had higher SS (22, interquartile range 18.3-25.1, vs. 12, interquartile
range 7-19.5, p < 0.001). According to multivariable logistic regression analysis for
NOAF, SS were independently and significantly associated (OR, 1.103; 95% confi-
dence interval, 1.047-1.163; p < 0.001). Other independent predictors of NOAF
were TIMI flow <3, C reactive protein, left ventricular ejection fraction, left atrial
volume index and E/E’ ratio. The optimal cut-off value for SS was 18 for the develop-
ment of NOAF with 82% sensitivity and 68% specificity (area under the curve: 0.795,
95% confidence interval 0.749-0.841, p < 0.001).
Conclusion: Syntax score may be helpful to identify for patients who would develop
atrial fibrillation in the setting of ACS.
KEYWORDS
acute coronary syndrome, new-onset atrial fibrillation, SYNTAX Score
1 | INTRODUCTION prognosis of the disease. Also, new-onset atrial fibrillation (NOAF)
in the setting of percutaneously treated ACS has been reported with
Atrial fibrillation (AF) is a commonly encountered arrhythmia in the increased in-hospital and long-term mortality (Rene et al., 2014,

setting of acute coronary syndromes (ACS) (Crenshaw et al., 1997; Ruwald et al., 2013). Especially, patients with NOAF, who were not
Kinjo et al., 2003; Mehta et al., 2003; Saczynski et al., 2009). AF diagnosed as AF before the ACS associated with higher mortality

in the setting of ACS is associated with poor clinical course and rates compared with those ACS patients who were admitted with
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history of atrial fibrillation (Kinjo et al., 2003; Kgber et al., 2006;
Lehto, Snapinn, Dickstein, Swedberg, & Nieminen, 2004; Pedersen,
Bagger, Kgber, & Torp-Pedersen, 1999; Rathore et al.,, 2000).
Therefore, it is crucial to determine the ACS patients who are at
the increased risk to develop NOAF. Although the relationship be-
tween more severe multivessel disease and NOAF was shown in
ACS (Crenshaw et al., 1997; Lau et al., 2009), this relationship was
not evaluated with SYNTAX score. The SYNTAX score (SS) is a com-
prehensive angiographic scoring system that is derived just from the
coronary anatomy and lesion characteristics (Sianos et al., 2005). It
is a useful tool that provides additional information to known risk
factors of long-term mortality and major adverse cardiac events
(MACE) (Magro et al., 2011). The main purpose of the present study
is to determine the relationship between NOAF development and
coronary artery disease (CAD) severity by using SS in ACS patients
who were treated with percutaneously.

2 | METHODS

This was a single-centre, cross-sectional study conducted between
January 2015 and December 2017. A total of 692 patients with ACS
who have not been diagnosed with any cardiac disease previously
were enrolled consecutively. Patients who had known diseases, such
as severe infection, autoimmune diseases, hyperthyroidism, chronic
renal and liver diseases, and neoplastic diseases were excluded.
Patients with a previous history of AF or atrial flutter were excluded
as well. Additionally, patients were excluded if they were admitted
at >24 hr from symptom onset. Each patient received standard phar-
macologic treatment according to acute myocardial infarction (AMI)
treatment guidelines (Amsterdam et al., 2014; O'Gara et al., 2013).
Echocardiographic evaluation and baseline venous blood samples
assessment were performed within 12-24 hr of symptom onset. Left
ventricular ejection fraction (LVEF) was evaluated after the coro-
nary intervention and was shown by using the modified Simpson'’s
method (Lang et al., 2005). LAVI was determined by the biplane area-
length method, using measurements at the apical 4- and 2-chamber
views at end-systole and indexed by body surface area (Lester, Ryan,
Schiller, & Foster, 1999). All patients were followed with in-hospital
continuous ECG monitoring for at least 48 hr and a 12-lead ECG was
obtained twice daily during the hospital stay. Additionally, when pa-
tients had symptoms suggesting a development of arrhythmia, such
as palpitations or dyspnea, the rhythm was checked by 12-lead ECG.

Acute myocardial infarction was diagnosed when patients had
characteristic symptoms, including elevation of the cardiac tropo-
nin-T level (>0.01 ng/ml in any blood sample during admission) with
serial ECG changes consisting of ST-segment and T wave changes or
new pathologic Q waves (O'Gara et al., 2013). ST-segment elevation
MI (STEMI) was defined as ST-segment elevation 20.2 mV in two
consecutive leads or new-onset left bundle branch block detected
on ECG. Non-STEMI was defined as MI without ST-segment eleva-
tion on ECG. Additionally, unstable angina is defined to be present
in patients with ischemic symptoms suggestive of an ACS and no

elevation in troponins, with or without electrocardiogram changes
indicative of ischemia, according to the 2014 AHA/ACC guidelines
(Amsterdam et al., 2014).

The presence of NOAF was observed during in-hospital
course. The diagnosis of AF was defined as the presence of the
following criteria at least 30 s on a rhythm strip: (a) absence of
P-waves; (b) coarse or fine fibrillatory waves; and (c) irregular R-R
intervals (Camm et al., 2010). NOAF was defined as AF, which was
documented after hospital admission without a prior history. Atrial
flutter assumed as AF.

All patients underwent coronary angiography by using the
Judkins trans-femoral technique. Fluoroscopic visualizations were
evaluated by two expert cardiologists who were blinded to patients’
clinical specifications. In case of disagreement on visual evaluation,
the decision of the third observer was obtained and the final deci-
sion was taken by a consensus. Each coronary lesion which consti-
tuted luminal obstruction 250% in vessels 21.5 mm was added to
provide overall SS. We used online calculator version 2.11 to acquire
overall SS (www.syntaxscore.com). In STEMI patients, an occluded
culprit artery was scored as an occluded artery with <3-months du-
ration (Magro et al., 2011). The decisions of revascularizations were
left to the discretion of physicians.

Sociodemographic data, medical history, and initial examination
findings were acquired and recorded prospectively within 24 hr of
admission. The study protocol was approved by the local ethical
committee and informed consent was obtained from each patient.

Continuous variables were tested for normal distribution by the
Kolmogorov-Smirnov test. Data were expressed as mean + stan-
dard deviation (SD) for normally distributed continuous variables,
as median and inter-quartile ranges for skew-distributed contin-
uous variables. Categorical variables were presented as numbers
and percentages. Variables of both groups were compared with the
chi-squared, Mann-Whitney, and independent sample t tests when
appropriate. The identification of the independent predictors of
NOAF was assessed by using univariable and multivariable logistic
regression analysis. The selection of covariates in multivariate mod-
els was based on both previous and empirical evaluations. Initially,
significant baseline covariates that are known to affect parameters
were included in the analyses. Also, factors that were significantly
different for patients with and without NOAF were included in a uni-
variate logistic regression model. The variables for which the non-
adjusted p value was <0.10 in univariate logistic regression analysis
were determined as a potential risk marker and included in the full
model of backward multiple logistic regression. The following clinical
variables were considered in the multivariable procedure: age, gen-
der, history of diabetes mellitus, STEMI, TIMI flow grade <3, heart
rate at admission, Killip class II-1V on admission, admission hemo-
globin level, admission white blood cell count, CRP, LVEF, LAVI, E/E’
and SS. Receiver operating characteristic (ROC) analysis was used to
determine the cut-off level of SS to predict NOAF. Statistical anal-
ysis was performed by using SPSS 22.0 (SPSS Inc. Chicago, lllinois,
USA), and a probability (p) value <0.05 (two-tailed) was considered
statistically significant.
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TABLE 1 The baseline characteristics of patients with and without new-onset atrial fibrillation (NOAF)

In-hospital NOAF or flutter

No Yes
Characeristics n=610 n=_382 p
Sociodemographic factors
Age 62 (53-72) 71 (61-79) <0.001
Male (%) 462 (75.7) 50 (61) 0.004
Current smoker (%) 282 (46.2) 34 (41.5) 0.416
Diabetes mellitus (%) 121 (19.8) 34 (41.5) <0.001
Hypertension® (%) 462 (75.7) 68 (82.9) 0.149
Dyslipidemia® (%) 454 (74.4) 64 (78) 0.478
Family history of CAD (%) 304 (49.8) 39 (47.6) 0.699
Clinical characteristics at admission
STEMI (%) 253 (41.5) 66 (80.5) <0.001
TIMI flow <3 (%) 9(1.5) 18(22) <0.001
Admission heart rate >100 (beats/ 86 (14.1) 22 (26.8) 0.003
min) (%)
Killip class 11-1V (%) 28 (4.6) 35(42) <0.001
Admission systolic blood pressure 542 (88.9) 73(89) 0.963
>100 mm Hg (%)
Syntax score 12 (7.0-19.5) 22(18.3-25.1) <0.001
Laboratory tests
Admission hemoglobin, g/dI 13.8(12.4-14.9) 12.8 (11.1-14) <0.001
Admission serum creatinine, g/dI 0.84 (0.7-1) 0.94 (0.74-1.16) 0.013
WBC, 10%/ ul 9.28 (7.43-11.63) 10.09 (8.03-13.04) 0.032
Platelets,/mm?® 214 (185-254) 208 (184-256) 0.745
CRP, mg/dl 1.2(0.7-2.1) 4.4 (2.87-5.5) <0.001
LDL-C, mg/dI 140 (104-165) 130 (107-165) 0.746
HDL-C, mg/dl 43(38.75-48) 42 (38-46) 0.535
Total cholesterol, mg/dl 199 (167-225) 200 (174-244) 0.280
Triglyseride, mg/dl 115 (78-165) 102 (78-157) 0.512
Echocardiography
Ejection fraction (%) 50 (43-61) 37 (30-45) <0.001
LAVI(ml/m?) 26.24 £ 4.94 32.39 £5.01 <0.001
E/E’' 12.6 (10.5-14) 16 (14.5-17.27) <0.001

Notes. CAD: coronary artery disease; CRP: C reactive protein; HDL-C: high-density lipoprotein cholesterol; LAVI: left atrial volume index; LDL-C: low-
density lipoprotein cholesterol; STEMI: ST-elevation myocardial infarction; WBC: white blood cell.

Data are presented as mean * standard deviation for normally distributed continuous data, as median and inter-quartile ranges for skew-distributed
continuous data and percentage (%) for categorical variables.

dHypertension: history of hypertension diagnosed and/or treated by a physician, or blood pressure >140 mm Hg systolic or >90 mm Hg diastolic on at
least two measurements hDyslipidemia: history of dyslipidemia treatment, or total cholesterol 2200 mg/dI, low density lipoprotein 2130 mg/dl, and
high density lipoprotein <40 mg/dl.

3 | RESULTS The baseline characteristics of patients with and without NOAF
are showed in Table 1. There were noticeable significant clinical
A total of 692 consecutive patients with ACS were included in the analy- differences between the groups. Patients with NOAF were older

sis (mean age, 63 + 13 years; 74% male). STEMI and non ST-elevation (71, interquartile range 61-79, vs. 62, interquartile range 53-72,
acute coronary syndrome (NSTE-ACS) were observed in 319 (46.1%) and p < 0.001) and less likely to be male (61% vs. 75.7%, p = 0.004)
373 (53.9%) patients, respectively. Among all ACS patients who were di- than those without NOAF. Patients with NOAF also had lower
agnosed as first time CAD, NOAF was observed in 82 (11.8%) patients. TIMI flow grade (1.5% vs. 22%, p < 0.001), admission hemoglobin
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level (12.8, interquartile range 11.1-14 g/dl, vs. 13.8, interquartile
range 12.4-14.9 g/dl, p <0.001), left ventricular ejection frac-
tion (37, interquartile range 30%-45%, vs. 50, interquartile range
43%-61%, p < 0.001), but higher left atrial volume index (LAVI,
32.39 + 5.01 ml/m?, vs. 26.34 £ 4.94 ml/m?, p < 0.001), E/E' ratio
(16, interquartile range 14.5-17.2, vs. 12.6, interquartile range
10.5-14, p < 0.001), admission serum creatinine (0.94, interquar-
tile range 0.74-1.16 g/dl, vs. 0.84, interquartile range 0.7-1 g/
dl, p =0.013), C-reactive protein (CRP, 4.4, interquartile range
2.8-5.5, vs. 1.2, interquartile range 0.7-2.1, p < 0.001) and SS (22,
interquartile range 18.3-25.1, vs. 12, interquartile range 7-19.5,
p < 0.001) than those without NOAF (Figure 1). Additionally, pa-
tients with NOAF presented with higher heart rates (>100 beats/
min, 26.8% vs. 14.1%, p = 0.003) and higher Killip class (42% vs.
4.6%, p < 0.001).

Univariable logistic regression demonstrated a significant as-
sociation between several variables and NOAF, including age, fe-
male gender, history of diabetes mellitus, STEMI, low TIMI flow
grade, higher Killip class on admission, lower hemoglobin level,
higher white blood cell count and CRP. Also, SS and echo parame-
ters such as LVEF, E/E’ and LAVI were significantly associated with
NOAF in univariable analysis. In a multivariable logistic regression
model, a higher SS (odds ratio [OR], 1.101; 95% confidence in-
terval [Cl], 1.041-1.163; p < 0.001) emerged as independent pre-
dictor of NOAF. Other independent predictors of NOAF included
TIMI flow <3, CRP levels, LVEF, LAVI and E/E’ ratio (Table 2). A
second model of multivariable regression analysis was performed
using dichotomized supramedian SS value instead of continuous
SS values. A supramedian level of SS (or >13 SS) was also found to
be independent predictor for NOAF (Table 2). ROC curve analysis
was performed to detect the cut-off value of SS. Figure 2 illus-
trates the results of ROC curve analysis for SS in the detection
of NOAF. The optimal cut-off value for SS was 18 with a sensitiv-
ity of 82% and a specificity of 68% (AUC: 0.795, 95% confidence
interval 0.749-0.841, p < 0.001).
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FIGURE 1 Patients with new-onset atrial fibrillation (NOAF) had
higher syntax score

4 | DISCUSSION

In the present study, we aimed to investigate the association be-
tween development of NOAF and SS in patients with acute coronary
syndrome who were treated percutaneously. Our study demon-
strated that SS is an independent predictor of NOAF development
during hospitalization.

Previous studies have reported that the incidence of NOAF as
6%-7.7% among patients who received thrombolytic therapy or PCI
(Kinjo et al., 2003; Wong et al., 2003). In our study, NOAF was ob-
served as 11.8%. In agreement with previous studies (Crenshaw et
al., 1997; Kinjo et al., 2003; Pizzetti et al., 2001) patients with NOAF
were more likely to be older, female, have higher heart rate at ad-
mission and higher Killip class. They were also more likely to have a
history of diabetes mellitus, low EF and TIMI flow <3.

Different studies have shown that the development of NOAF in the
setting of ACS is a multifactorial process. Although the exact cause is
unclear, possible contributing mechanisms have been demonstrated,;
including deterioration of LV systolic function, increased LV filling pres-
sure, atrial ischemia or infarct, atrial stretching with elevated left atrial
pressure (Aronson et al.,, 2011; Jons et al,, 2010) and inflammation
(Aronson et al., 2007; Hwang et al., 2011). In the present study, patients
with NOAF showed more left atrial enlargement and LV diastolic dys-
function than those without NOAF. AMI generally leads to change in
left ventricular filling properties, which may result in advanced diastolic
dysfunction (Celik, Erdél, Baykan, Kaplan, & Kasap, 2001). Additionally,
diastolic dysfunction may cause an increased left atrial pressure (Geske,
Sorajja, Nishimura, & Ommen, 2007) thus facilitates the emergence
of atrial fibrillation. The ratio of transmitral doppler early filling veloc-
ity to tissue doppler early diastolic mitral annular velocity (E/E’) is an
important indicator of diastolic dysfunction and increased filling pres-
sures, which was demonstrated significantly higher among patients
with NOAF. Furthermore, we assessed the left atrial volume index
which is more accurate representation of the true left atrial size (Lester
et al., 1999) and reflects subacute or chronic abnormal filling pressures
(Tsang, Barnes, Gersh, Bailey, & Seward, 2002). As a result of the study
analysis, LAVI values were higher in patients with NOAF. These results
were consistent with the previous studies (Wi et al., 2016).

As is widely known, inflammation plays an important role in CAD
and other manifestations of atherosclerosis (Hansson, 2005). Also,
inflammation has been associated in various AF-related pathological
processes, including oxidative stress, fibrosis, and thrombogenesis
(Guo, Lip, & Apostolakis, 2012; Van Wagoner, 2008). As a result, in-
flammation is a common factor in both clinical conditions including
NOAF and CAD. We may say that new-onset atrial fibrillation and
more extensive coronary involvement are two clinical entities that
appear to be the result of a common reason, increased inflammatory
process. It is expected that the coexistence of both conditions will
be more frequent with increasing inflammation. The inflammatory
process in the atherosclerotic artery may lead to increased blood
levels of inflammatory cytokines and other acute-phase reactants.
Therefore, elevated C-reactive protein levels in patients with ACS
likely reflect inflammation in the coronary artery (Liuzzo et al., 1996).
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TABLE 2 Univariable and multivariable logistic regression analyses with independent predictors of new-onset atrial fibrillation (NOAF)

Univariable analysis

Multivariable analysis

Variable OR (95% CI) p value
Age, years 1.061 (1.038-1.085) <0.001
Male 0.501 (0.309-0.810) 0.005
Diabetes mellitus 2.863(1.767-4.637)  <0.001
STEMI 5.821(3.294-10.286)  <0.001
TIMI flow <3 18.781(8.103-43.532)  <0.001
Admission heart rate >100 2.234(1.303-3.830) 0.003
(beats/min)
Killip class II-1V 15.479 (8.675-27.619)  <0.001
Admission hemoglobin, g/dI 0.797 (0.709-0.896) <0.001
Admission serum creati- 1.318 (0.840-2.068) 0.230
nine, g/dl
WBC, 10°/ul 1.075 (1.014-1.139) 0.016
CRP(mg/dl) 1.821(1.607-2.063)  <0.001
Ejection fraction (%) 0.905 (0.883-0.927) <0.001
LAVI(ml/m?) 1.266(1.201-1.334)  <0.001
E/E' 1.630 (1.457-1.824)  <0.001
SYNTAX score 1.155(1.115-1.198) <0.001
Supramedian SS 10.214 (5.019-20.788)  <0.001

First model Second model
OR (95% CI) p value OR (95% CI) p value
2.621 (1.046-6.562) 0.040
0.173(0.033-0.902) 0.037 0.163 (0.030-0.876) 0.034
2.010. (1.659-2.436) <0.001 2.104 (1.704-2.598) <0.001
0.961 (0.924-1.000) 0.050 0.956 (0.919-0.994) 0.024
1.228(1.134-1.331) <0.001 1.239 (1.140-1.34¢6) <0.001
1.431(1.223-1.662) <0.001 1.234 (1.223-1.682) <0.001
1.101 (1.041-1.163) 0.001
5.234 (1.976-13.860) 0.001

Notes. CRP: C reactive protein; LAVI: left atrial volume index; NOAF: new-onset atrial fibrillation; SS: SYNTAX score; STEMI: ST-elevation myocardial

infarction; WBC: white blood cell.

A second model of multivariable regression analysis was performed for prediction of NOAF with using dichotomized supramedian SS value instead of

continuous SS values.

We have demonstrated that increased C-reactive protein level was
an independent predictor of NOAF in our study population, which
is consistent with previously reported studies (Aronson et al., 2007;
Hwang et al., 2011).

A recent published report showed that higher SS is related to devel-
opment of NOAF (Rencuzogullari et al., 2018). The results of this report
were consistent with ours, but there are some differences; this study
consisted only STEMI patients and planned retrospectively. Unlike this
design, we enrolled appropriate patients both STEMI and NSTE-ACS
prospectively. We also excluded patients with previously known CAD
due to investigate the pure effect of ACS on the development of NOAF.

In this prospective cross-sectional study, we emphasized that
higher SS is an independent predictor of NOAF development in pa-
tients with ACS who were treated percutaneously. Previous studies
have examined the number of involved vessels while assessing cor-
onary artery disease severity (Kinjo et al., 2003; Wi et al., 2016). In
the present study, CAD severity was evaluated by SS which is de-
rived from lesion numbers, characteristics, location, and complexity.
An important angiographic finding from our study is that NOAF was
predicted by more extensive coronary artery disease, but also there
was no correlation between NOAF and number of diseased vessel
(Table 3). According to the results, we can say that SS is a more valu-
able parameter than diseased vessels numbers in predicting NOAF.

More frequent involvement of right coronary artery (RCA) in patients

with NOAF implicates specified territories at risk, including the si-
noatrial node, the atrioventricular node, and the atria. The emergence
of atrial ischemia could lead to the development of NOAF (Alasady
et al., 2011; Sinno et al., 2003). Furthermore, increased ischemic load
with higher SS causes left ventricular systolic and diastolic dysfunc-
tion and could trigger a rhythm disturbance by increasing LV filling
pressures. This hemodynamic mechanisms potentially more import-
ant at pathogenesis of NOAF and may explain our principal findings.

Our study has several limitations. It was a relatively small-sized study
managed by a single institution. Results need to be confirmed in other
larger multicenter trials. Additionally, our AF screening strategy was based
on routine clinical follow-up and patients symptoms after discharging of
the coronary care unit. Therefore, it is likely to miss the asymptomatic
or short duration AF attacks. Furthermore, we were unable to identify
silent/asymptomatic paroxysmal AF episodes before admission. Finally,
based on its cross-sectional design, the present findings are inherently
limited to explain the causal relation between NOAF and SS.

In conclusion, we know that there are many global and local hemody-
namic and also neurohumoral factors that contribute to NOAF develop-
ment in the process of acute coronary syndrome. Although we could not
figure out the precise etiology of this rhythm disturbance, the higher SS
was associated with NOAF. These patients tend to have worse outcomes
including stroke and mortality. Taking into account other independent

predictors, patients with elevated LV filling pressure as well as high SS
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FIGURE 2 Receiver operating characteristic curve of SYNTAX
score (SS) to predict new-onset atrial fibrillation (NOAF). The area
under curve was 0.795 (%95 Cl, 0.749-0.841, p < 0.001). The
optimal cut-off level of SS was 18 with 82% sensitivity and 68%
specificity. Cl: confidence interval

TABLE 3 The angiographic characteristics of patients with and
without new-onset atrial fibrillation (NOAF)

In-hospital NOAF or flutter

No Yes
n =610

Infarct-related artery (%)

LAD 294 (48.2) 37 (45.1) 0.601
LCx 83(13.6) 5(6.1) 0.055
RCA 182 (29.8) 38 (46.3) 0.003
Other 51(8.4) 2(2.4) 0.058
Number of diseased vessels (%)
1 254 (41.6) 16 (19.5) <0.001
2 294 (48.2) 54 (65.9) 0.003
3 62(10.2) 12 (14.6) 0.219

Notes. LAD: left anterior descending coronary artery; LCx: left circum-
flex coronary artery; RCA: right coronary artery.
Data are presented as number and percentage (%).

should be followed more closely. It seems reasonable to consider a more
aggressive approach to treatment and follow-up strategies, including
close rhythm monitoring after discharge from hospital.
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