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SOUHRN

Kontext a cíle: „No-refl ow“ fenomén spojený s úmrtím na kardiovaskulární onemocnění představuje závaž-
nou komplikaci perkutánní koronární intervence. Pokud jsou známy klinické a angiografi cké parametry pa-
cienta, skóre SYNTAX II (SS-II) predikuje mortalitu pacientů s akutním koronárním syndromem (AKS). Cílem 
této studie je zjistit vztah mezi „no-refl ow“ fenoménem a SS-II.
Pacienti a metody: Do studie bylo zařazeno 255 po osobě následujících pacientů (210 [82,3 %] mužů, prů-
měrný věk  55 [18–90] let) s akutním infarktem myokardu přední stěny s elevacemi úseku ST (anterior ST-
-segment elevation myocardial infarction, STEMI), u nichž byla provedena primární perkutánní koronární 
intervence. Pacienti byli rozděleni do dvou skupin; jedné s „no-refl ow“ fenoménem a druhé s obnoveným 
průtokem krve („refl ow“). Zaznamenávaly se demografi cké parametry, komorbidity i biochemické parame-
try a byly vypočteny hodnoty skóre SYNTAX I (SS-I) i SS-II pacientů.
Výsledky: Skupina „no-refl ow“ byla starší. Hypertenze byla přítomna častěji ve skupině „no-refl ow“ než 
ve skupině s obnovením průtoku krve (p = 0,007). U pacientů s „no-refl ow“ byly naměřeny vyšší hodnoty 
troponinu (jak při příjmu, tak maximální), TIMI frame count, hodnoty SS-I a SS-II byly statisticky významně 
vyšší u pacientů s „no-refl ow“. V logistické regresní analýze byla hodnota SS-II (poměr šancí [odds ratio, OR] 
1,096; 95% interval spolehlivosti [confi dence interval, CI] 1,058–1,135; p < 0,001) nezávisle spojena s „no-
-refl ow“ fenoménem. V analýze křivky ROC predikovala mezní hodnota ≥ 24,85 přítomnost „no-refl ow“ 
fenoménu se senzitivitou 75,9 % a specifi citou 59,2 % (AUC 0,721 [0,637–0,805], 95% CI; p < 0,001). 
Závěr: U pacientů se STEMI, zvláště s akutním infarktem myokardu přední stěny, je hodnota SS-II nezávisle 
spojena s „no-refl ow“ fenoménem jako fatální a častou komplikací AKS.

© 2021, ČKS.

ABSTRACT 

Background and objectives: The no-refl ow phenomenon associated with cardiovascular mortality is one of 
the serious complications of percutaneous coronary intervention. Also, having both clinical and angiogra-
phic parameters, SYNTAX score-II (SS-II) predicts mortality in patients with acute coronary syndrome (ACS). 
The aim of this study is to investigate the association of the no-refl ow phenomenon with SS-II.
Subjects and methods: 255 consecutive participants (210 [82.3%] male, median age; 55 [18–90] with acute 
anterior ST-segment elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary 
intervention were enrolled in the study. Patients were divided into two groups as follows: those with no-re-
fl ow and those with refl ow. Demographic features, comorbidities, biochemical parameters were recorded. 
SYNTAX score-I (SS-I), and SS-II of the patients were calculated. 
Results: No-refl ow group was older. Hypertension was more frequent in the no-refl ow group than that of 
the re-fl ow group (p = 0.007). Troponin levels (both on admission and peak), TIMI frame count, SS-I, and SS-
-II were signifi cantly higher in patients with no-refl ow. In logistic regression analysis, SS-II (odds ratio [OR]: 
1.096, 95% confi dence interval [CI]: 1.058–1.135; p< 0.001) was independently associated with the no-refl ow 
phenomenon. A cut-off value of ≥ 24.85 predicted no-refl ow, with 75.9% sensitivity and 59.2% specifi city 
(AUC: 0.721 [0.637–0.805], 95% CI, p< 0.001) in ROC curve analysis.
Conclusion: In STEMI patients, particularly acute anterior MI, SS-II is independently associated with the no-
-refl ow phenomenon, which is a fatal and frequent complication of ACS.
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Introduction

Coronary heart disease is still one of the leading causes 
of death throughout the world.1 Considering the clini-
cal results, primary percutaneous coronary intervention 
(PPCI) is the best option in the treatment of ST-segment 
elevation myocardial infarction (STEMI).2 The no-refl ow 
phenomenon is a common complication of PPCI, which 
is characterized by myocardial perfusion impairment wi-
thout any visible proof of vascular occlusion.3,4 Besides, 
there is a growing body of evidence revealing that seve-
ral mechanisms, such as endothelial dysfunction, reper-
fusion, ischemia-related injury, distal thromboembolism, 
and microvascular arterial spasm, play a role in the patho-
physiology of this phenomenon.5,6 Impaired myocardial 
perfusion occurring in this phenomenon is also associated 
with a poor prognosis.7 

In STEMI patients, various scores, among which the 
SYNTAX score is well-known, are used to determine the 
severity of cardiovascular disease and to predict complica-
tions. The SYNTAX score calculated on coronary angiog-
raphy not only demonstrate the extent of coronary artery 
disease but also gives us information about the outcome.8 
Given the limitations of the SYNTAX score, such as the 
clinical characteristics of individuals, the SYNTAX score-II 
(SS-II) was developed to better predict mortality in pa-
tients with complex lesions.9 Therefore, in order to com-
pensate for this defi ciency, SS-II is calculated by taking 
into account age, gender, left ventricular ejection frac-
tion (LVEF), creatinine clearance, chronic obstructive pul-
monary disease (COPD), and peripheral vascular disease, 
together with the SYNTAX score I (SS-I). In this way, the 
SS-II can be used as a more effective and customized tool 
in the management of complex coronary artery disease.10 
In addition, high SS-II predicts major cardiac events, tar-
get vessel revascularization, recurrent myocardial infarc-
tion.11,12 

The present study aims to examine the relationship be-
tween SS-II and the no-refl ow phenomenon in patients 
with acute anterior myocardial infarction.

Methods

Study population and design 
In our single-center study with a retrospective cohort 
design, 255 consecutive patients with acute anterior 
myocardial infarction who met the following inclusion 
criteria: a) being a participant aged ≥18 years, b) were 
hospitalized within 12 hours from the onset of symptoms, 
c) underwent PPCI, were enrolled in the study. Patients 
with prior coronary artery bypass grafting, stent throm-
bosis, chronic liver failure, cardiogenic shock, an active 
infection, or cancer were excluded from the study. We 
divided the participants into two groups as follows: with 
the no-refl ow group and without the no-refl ow group.

The study protocol and identifi cation of risk factors
The ST-segment elevation is considered suggestive of on-
going coronary artery acute occlusion in the following 
cases: at least two contiguous leads with ST-segment ele-
vation ≥2.5 mm in men < 40 years, ≥2 mm in men ≥40 

years, or >1.5 mm in women in leads V
2
–V

3
 and/or ≥1mm 

in the other leads (in the absence of left ventricular [LV] 
hypertrophy or left bundle branch block [LBBB]).13 Pati-
ents receiving antihypertensive therapy or those with 
arterial blood pressure measurement ≥ 140/90 mmHg in 
at least two different measurements were considered hy-
pertensive.14 The diagnosis of hyperlipidemia was made 
according to the European Society of Cardiology (ESC) 
guidelines on dyslipidaemias in patients receiving lipid-
-lowering therapy or those with a high blood level of 
lipid.15 Of individuals in the study, those with a known 
diagnosis of diabetes mellitus (DM) (including those using 
oral anti-diabetic or insulin before), with fasting glucose 
≥126 mg/dl or postprandial glucose ≥ 200 mg/dl, or with 
HbA

1c
 6.5% were defi ned as DM.16 

Blood sampling 
Hemogram, lipid profi le, kidney and liver function tests, 
and high sensitivity cardiac troponin T (hs-cTnT) (on ad-
mission and peak level) were obtained from all patients 
included in the study via venous blood samples taken 
before the procedure. Plasma triglyceride,low-density li-
poprotein (LDL), high-density lipoprotein (HDL), glucose, 
uric acid, and creatinine concentrations were measured 
with an automated chemistry analyzer (Abbott Aero set, 
Minnesota, USA) using commercial kits (Abbott). Creatine 
kinase MB (CK-MB) activity was measured with an assay 
that used 2 monoclonal antibodies (CK-MB STAT) on an 
Elecsys 2010 analyzer (Roche Diagnostics, Basel, Switzer-
land) by electrochemiluminescence immunoassay. Plasma 
N-terminal pro-brain natriuretic peptide (NT-proBNP) was 
measured by electrochemiluminescence (Roche Diagnos-
tics, Basel, Switzerland). e-GFR was calculated according 
to the Modifi cation of Diet in Renal Disease (MDRD) for-
mula. All data were recorded.

Coronary angiography procedure
Coronary angiography was performed for all patients 
using 7 French catheters through the femoral approach. 
Angiographic images were evaluated by an independent 
invasive cardiologist who was blinded to the data of the 
patients included in the study. Clopidogrel (600 mg loa-
ding, 75 mg maintenance dose), acetylsalicylic acid (300 
mg), and unfractionated heparin (70–100 IU/kg bolus, 
30–50 IU/kg maintenance in prolonged procedures) were 
administered to the patients during angiography. The 
diagnosis of the no-refl ow phenomenon was defi ned as 
a fl ow of TIMI II or less without the presence of dissecti-
on, mechanical obstruction, signifi cant residual stenosis, 
or other plausible causes.17 TIMI frame count was assessed 
by a quantitative method previously defi ned by Gibson.18 
Unless there were any specifi c contraindications, tre-
atment of acute myocardial infarction such as dual an-
tiplatelet, statin, beta-blocker, and angiotensin receptor 
blocker or angiotensin-converting enzyme inhibitor were 
administered to the patients after angiography.

Syntax score-II and its parameters
SS-II was calculated based on the data obtained from 
pre-intervention angiographic images using an on-
line calculator (http://syntaxscore.com). Age, gender, 
and other demographic characteristics of the patients 
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There was no signifi cant difference in terms of LVEF 
between the two groups (p = 0.10). TIMI frame count, 
SS-I, and SS-II were also signifi cantly higher in the no-
refl ow group. Parameters that may be associated with 
SS-II are shown in Table 2. TIMI frame count, which is 
a quantitative method of assessing coronary artery fl ow, 
was signifi cantly correlated with SS-II (p< 0.001) (Fig.1). 
Although the frequency of current smoker was higher 
in the refl ow group than that of the no-refl ow group 
(75.1% vs 48.1%, p< 0.001), smoking showed a protec-
tive effect on the no-refl ow phenomenon in the univari-

were also recorded. LVEF was calculated according to 
Simpson’s method. COPD is a common, preventable, and 
treatable disease, which is characterized by persistent 
respiratory symptoms and airfl ow limitation that is due 
to airway and/or alveolar abnormalities usually caused 
by signifi cant exposure to noxious particles or gases and 
infl uenced by host factors including abnormal lung de-
velopment. We practiced approaches under current re-
commendations in the diagnosis and treatment of COPD 
while calculating the SS-II.19 The diagnosis of peripheral 
artery disease was made according to the 2017 ESC peri-
pheral artery disease guidelines.20 

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 20.0 (SPSS Inc., Chicago, 
IL, USA). The normality distribution of continuous vari-
ables was tested with an analytical (Kolmogorov–Smir-
nov test) method and visual methods (histograms and 
probability plots). Continuous variables are expressed 
as mean ± standard deviation or median (minimum–
maximum) as appropriate, whereas categorical varia-
bles are expressed as number (n) and percentage (%).  
Chi-square or Fisher exact test was used for comparison 
of categorical data. Student t-test or Mann–Whitney 
U test was used to compare continuous variables be-
tween the two groups as appropriate. Spearman corre-
lation analysis was used to investigate the association 
between SS-II and possible parameters. Receiver opera-
ting characteristic (ROC) curve analysis was used to de-
termine the predictive value of the independent predic-
tor. The optimal cut-off value was calculated using the 
youden-index. Multivariate logistic regression analysis 
identifi ed clinical predictors of no-refl ow. Confounders 
with a p-value < 0.10 in the univariate analysis were 
included in the forward conditional multivariate logi-
stic regression analysis. A two-tailed p-value of ≤ 0.05 
was considered statistically signifi cant.

Results

In our retrospective study, 255 participants with acu-
te anterior myocardial infarction who underwent PPCI 
were consecutively included in the study (210 [82.3%] 
male, median age 55 [18–90]. Median age was higher 
in patients with no-refl ow (60 [33.0–90.0]) than in the 
group without no-refl ow (53 [18.0–85.0] [p = 0.009]). 
Culprit lesions on angiography were as follows; LAD 
in 244 participants (95.7%), followed by diagonals in 
10 (3.9%), and RCA in 1 (0.04%), due to wrapping RCA 
around the apex. The most common comorbidity in the 
overall population of the study was smoking (69.4%) 
followed by family history (44.3%), hypertension (HT) 
(36%), DM (21.1% ), hyperlipidemia (HLP) (15.6%). Eld 
and HT were signifi cantly higher in the no-refl ow group 
(p = 0.001, p = 0.007, respectively). NT-proBNP, tropo-
nin levels on admission, and peak troponin levels were 
signifi cantly higher in the no-refl ow group. Detailed de-
mographic characteristics, comorbidities, laboratory fi n-
dings, echocardiography, and angiography results of the 
patients are shown in Table 1.

Fig. 1 – Scatter plot diagram of the relationship of TFC with SS-II.

Variable Cut-off 
value

Sensitivity 
(%)

Specifi city 
(%)

AUC (95% CI) SE p-value

SYNTAX 
score-II

24.85 75.9 59.2 0.721 
(0.637–0.805)

0.043 < 0.001

AUC – area under the curve; SE – standard error; 95% CI – 95% confi dence interval.
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Fig. 2 – Receiver operating characteristic (ROC) curve of SYNTAX 
score-II for the diagnosis of the no-refl ow phenomenon. 
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Table 1 – Comparison of baseline characteristics of the patients with STEMI

Variable No-refl ow group (n = 54) Refl ow group (n = 201) All (n = 255) p-value

Demographic and clinical features

   Age (year) 60.0 (33.0–90.0) 53.0 (18.0–85.0) 55.0 (18.0–90.0) 0.001

   Gender (male), n (%) 38 (70.3) 172 (85.5) 210 (82.3) 0.009

   BMI (kg/m2) 26.7 (19.0–36.5) 26.9 (11.6–44.2) 26.8 (11.6–44.2) 0.805

   Current smoker, n (%) 26 (48.1) 151 (75.1) 177 (69.4) < 0.001

   Ejection fraction (%) 42.3±7.5 44.1±6.8 43.7±7.0 0.101

Comorbidities 

   DM, n (%) 14 (25.9) 40 (19.9) 54 (21.1) 0.336

   HT, n (%) 28 (51.9) 64 (31.8) 92 (36.0) 0.007

   CAD, n (%) 2 (3.7) 11 (5.5) 13 (5.0) 1.000

   HLP, n (%) 7 (13.0) 33 (16.4) 40 (15.6) 0.535

   Family history, n (%) 23 (42.6) 90 (44.8) 113 (44.3) 0.774

   PAD, n (%) 10 (18.5) 19 (9.5) 29 (11.4) 0.062

   COPD, n (%) 12 (22.2) 28 (13.9) 40 (15.7) 0.137

Laboratory fi ndings

   LDL (mg/dL) 131.0 (53.0–207.0) 129.0 (50.0–298.0) 133.5 (50.0–298.0) 0.857

   HDL (mg/dL) 42.0 (23.0–74.0) 38.0 (17.0–86.0) 40.4(17.0–86.0) 0.006

   Triglyceride (mg/dL) 105.0 (39.0–732.0) 126.0 (29.0–1296.0) 161.7 (29.0–1296.0) 0.277

   Creatinine (mg/dL) 0.9 (0.4–8.2) 0.8 (0.3–2.3) 0.9 (0.3–8.2) 0.261

   Uric acid (mg/dL) 5.2 (2.6–9.8) 5.3 (1.7–10.2) 5.4 (1.7–10.2) 0.789

   GFR (ml/min/1.73 m2) 100.4 (8.5–232.4) 115.6 (42.9–245.6) 112.4 (8.5–245.6) 0.022

  CK-MB, on admission  (U/L) 11.8 (0.7–300.0) 7.4 (0.3–300.0) 49.5 (0.3–300.0) 0.052

   Troponin T, on admission (μg/L) 351.0 (3.0–10000.0) 104.2 (3.0–10000.0) 134.2 (3.0–10000) 0.019

   Troponin T, peak (g/L) 6247.0 (271.4–10000.0) 4362.0 (28.9.0–10000.0) 5191.1 (28.9–10000) 0.036

   NT-proBNP (pg/mL) 488.3 (18.7–9083.0) 139.6 (4.5–17200.0) 770.4 (4.5–17200.0) < 0.001

Angiographic fi ndings

   TIMI frame count 60.0 (26.0–130.0) 31.0 (10.0–49.0) 37.7 (10.0–130.0) < 0.001

   SYNTAX score-I 19.8±6.4 17.1±5.7 17.7±6.0 0.008

   SYNTAX score-II 29.9 (10.5–60.2) 24.5 (10.5–52.2) 27.0 (10.5–60.2) < 0.001

Data are presented as number and percentages (%), mean ± standard deviation or median (minimum–maximum); p-value was calculated 
using the Independent Samples t-test or the Mann–Whitney U-test for continuous variables and the Chi-Square test or the Fisher’s exact 
test for categorical variables as appropriate; p-value < 0.05 was considered signifi cant.
BMI – body mass index; CAD – coronary artery disease; CK-MB – creatine kinase myocardial band; COPD – chronic obstructive pulmonary 
disease; DM – diabetes mellitus; HDL – high-density lipoprotein; HLP – hyperlipidemia; HT – hypertension; GFR – glomerular fi ltration rate; 
LDL – low-density lipoprotein; NT-proBNP – N-terminal pro-brain natriuretic peptide; PAD – pulmonary artery disease.

Table 2 – Parameters signifi cantly correlated with SYNTAX score-II

r* p

SYNTAX score-I 0.454 < 0.001

Body mass index, kg/m2 –0.022 0.723

Low-density lipoprotein, mg/dL –0.102 0.106

High-density lipoprotein, mg/dL 0.256 < 0.001

NT-proBNP, pg/mL 0.425 < 0.001

Troponin T, on admission, g/L 0.234 < 0.001

Troponin T, peak, g/L 0.349 < 0.001

TIMI frame count 0.359 < 0.001

* Spearman correlation. NT-proBNP – N-terminal pro-brain natriure-
tic peptide.

ate regression analysis (OR = 0.307, 95% CI: 0.165–0.573,
p< 0.001). This effect, however, got lost after adjusting for 
confounding factors. A forward conditional multivariate 
logistic regression analysis was performed to determine 
predictors of no-refl ow phenomenon in patients who 
underwent PPCI. SS-II (OR = 1.096, 95% CI: 1.058–1.135, 
p< 0.001) predicted the no-refl ow phenomenon in the re-
gression analysis (Table 3). ROC curve analysis was carried 
out to determine the possible cut-off value of SS-II for 
predicting the no-refl ow phenomenon. A cut-off value 
of higher than 24.85 predicted no-refl ow phenomenon, 
with 75.9 % sensitivity and 59.2 % specifi city (AUC: 0.721 
[0.637–0.805], 95% CI, p< 0.001) (Fig. 2).
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Discussion

In the present study, the association of SS-II with no-re-
fl ow phenomenon was evaluated in patients with acute 
anterior myocardial infarction undergoing PPCI, and SS-II 
was demonstrated as a good predictor of no-refl ow.

Current studies have demonstrated the relationship 
between anatomical SS (SS-I) and the no-refl ow phenom-
enon.21,22 The no-refl ow phenomenon, which is a serious 
complication occurring after PPCI, is associated with poor 
prognosis.23 In the literature, the incidence of no-refl ow 
in acute myocardial infarction patients ranges from 2.3% 
to 32.8%.21,24 Various mechanisms, distal embolism aris-
ing from intracoronary thrombus is one of the most 
prominent, play a role in the pathophysiology of the 
no-refl ow phenomenon.25 Also; infl ammation,26 platelet 
activation,27 coronary microvascular spasm, and reperfu-
sion injury28 also can be presented as other causes of this 
phenomenon. The no-refl ow phenomenon is more com-
mon in patients with “high SS-I” indicating the severity 
of coronary artery disease. This is thought to be caused 
by the fact that diffuse coronary artery disease is related 
to impaired microcirculation resistance, which affects epi-
cardial blood fl ow.29 

In the SYNTAX study: advanced age, female gender, 
COPD, renal failure and low LVEF, and peripheral artery 
disease were associated with mortality.30 SS-II is calcu-
lated by adding certain clinical data to SS-I, which is the 
anatomical scoring obtained from angiographic images.  
Farooq et al. demonstrated the SS-II score was found to 
be more successful than SS-I in predicting 4-year mortal-
ity in patients with complex coronary artery disease.9 In 
a study carried out by Askin et al. 126 STEMI patients who 
underwent PPCI, 44 of whom developed no-refl ow phe-
nomenon, were included in the study, and SS-II was sig-
nifi cantly higher in the no-refl ow group. SS-II and incom-
plete ST resolution strongly predicted the development 
of major cardiac events (MACE) in this study.31 When com-
pared with the present study, we included patients with 
acute anterior MI, a subgroup of STEMI, in our study and 
did not calculate the MACE index, but demonstrated that 
high SS-II with a higher number of patients than Askin et 

al. strongly predicted no-refl ow phenomenon. In a study 
on STEMI patients conducted by Yesin et al.;32 a total of 
193 patients, including 42 patients with no-refl ow, were 
enrolled. The study showed SS-II and LVEF were more ef-
fective and successful than SS-I in predicting no-refl ow. 
Although we found no relationship between LVEF and 
no-refl ow, we showed that SS-II predicted no-refl ow, in 
line with his study. 

An independent relationship of age with no-refl ow 
has been demonstrated in some studies.21,33 Diffuse 
coronary atherosclerosis, vascular calcifi cation, distal 
embolization, and microcirculatory disorders, which 
increase in frequency with aging, play a role in the de-
velopment of no-refl ow. These pathophysiologies that 
contribute to the development of the no-refl ow phe-
nomenon could be, to a certain extent, attributed to 
neurohumoral and autonomic changes associated with 
aging and impaired collateral circulation.34 In a study 
conducted by Liang et al.,35 similar to our study, the 
no-refl ow group was older than without the no-refl ow 
group and there was an independent relationship be-
tween age and no-refl ow. 

Confl icting results are available on the association 
of smoking with no-refl ow. In the study carried out by 
Arbel et al., a strong relationship was found between 
smoking and the no-refl ow phenomenon.36 Otherwise, in 
the studies conducted by Hong et al.37 and Shemirani et 
al.,38 no signifi cant relationship was found between no-
refl ow and smoking. Another study showed postproce-
dural thrombolysis in myocardial infarction (TIMI) fl ow 
grade, and TIMI frame were better in smokers.39 In ad-
dition, Pepa et al. detected less no-refl ow phenomenon 
in the smoker subgroup among STEMI patients undergo-
ing PPCI.40 Several investigators also demonstrated that 
smokers had higher reperfusion rates than non-smokers 
after fi brinolytic treatment.39 These results may attribute 
to certain features of smokers such as healthier coronary 
artery risk profi le, smaller plaque burden, and less ex-
tensive atherosclerotic disease.41,42 In our study, the fact 
that the smoker group was younger than the non-smoker 
group may promote this mentioned physiopathology (ap-
pendix).

Table 3 – Independent risk factors for no-refl ow phenomenon

Variable Univariate analysis Multivariate analysis

OR (95 % CI) p-value OR (95 % CI) p-value

DM 1.409 (0.699–2.838) 0.337 – –

Current smoker 0.307 (0.165–0.573) < 0.001 – –

HT 2.305 (1.252–4.246) 0.007 – –

HDL, mg/dL 1.033 (1.006–1.061) 0.017 – –

NT-proBNP, pg/mL 1.000 (1.000–1.001) 0.007 – –

Peak troponin T, g/L 1.000 (1.000–1.000) 0.036 – –

SS-II 1.070 (1.035–1.105) < 0.001 1.096 (1.058–1.135) < 0.001

p-value < 0.05 was considered signifi cant. Nagelkerke R2: 0.172, p< 0.001.
DM – diabetes mellitus; HT – hypertension; HDL – high-density lipoprotein; NT-proBNP – N-terminal pro-brain natriuretic peptide; SS-II – 
SYNTAX score-II.
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 3. Niccoli G, Burzotta F, Galiuto L, Crea F. Myocardial no-refl ow 
in humans. J Am Coll Cardiol 2009;54:281–292.

 4. Ito H, Iwakura K. Assessing the relation between coronary 
refl ow and myocardial refl ow. Am J Cardiol 1998;81:8g–12g.

 5. Bouleti C, Mewton N, Germain S. The no-refl ow phenomenon: 
State of the art. Arch Cardiovasc Dis 2015;108:661–674.

 6. Fugit MD, Rubal BJ, Donovan DJ. Effects of intracoronary 
nicardipine, diltiazem and verapamil on coronary blood fl ow. J 
Invasive Cardiol 2000;12:80–85.

 7. Ito H, Okamura A, Iwakura K, et al. Myocardial perfusion 
patterns related to thrombolysis in myocardial infarction 
perfusion grades after coronary angioplasty in patients 
with acute anterior wall myocardial infarction. Circulation 
1996;93:1993–1999.

 8. Minamisawa M, Miura T, Motoki H, et al. Prediction of 
1-year clinical outcomes using the SYNTAX score in patients 
with prior heart failure undergoing percutaneous coronary 
intervention: sub-analysis of the SHINANO registry. Heart 
Vessels 2017;32:399–407.

 9. Farooq V, van Klaveren D, Steyerberg EW, et al. Anatomical 
and clinical characteristics to guide decision making 
between coronary artery bypass surgery and percutaneous 
coronary intervention for individual patients: development 
and validation of SYNTAX score II. Lancet 2013;381:639–
650.

 10. Xu B, Généreux P, Yang Y, et al. Validation and comparison 
of the long-term prognostic capability of the SYNTAX score-II 
among 1,528 consecutive patients who underwent left main 
percutaneous coronary intervention. JACC Cardiovasc Interv 
2014;7:1128–1137.

 11. He J, Zhao H, Yu X, et al. SYNTAX Score-II Predicts Long-Term 
Mortality in Patients Who Underwent Left Main Percutaneous 
Coronary Intervention Treated With Second-Generation Drug-
Eluting Stents. Int Heart J 2017;58:344–350.

 12. Brener SJ, Alapati V, Chan D, et al. The SYNTAX II Score 
Predicts Mortality at 4 Years in Patients Undergoing 
Percutaneous Coronary Intervention. J Invasive Cardiol 
2018;30:290–294.

 13. Fourth universal defi nition of myocardial infarction (2018). Rev 
Esp Cardiol (Engl Ed) 2019;72(1):72.

 14. Williams B, Mancia G, Spiering W, et al. [2018 ESC/ESH 
Guidelines for the management of arterial hypertension]. 
Kardiol Pol 2019;77:71–159.

 15. 2019 ESC/EAS guidelines for the management of 
dyslipidaemias: Lipid modifi cation to reduce cardiovascular 
risk. Atherosclerosis 2019;290:140–205.

 16. Petersmann A, Müller-Wieland D, Müller UA, et al. Defi nition, 
Classifi cation and Diagnosis of Diabetes Mellitus. Exp Clin 
Endocrinol Diabetes 2019;127:S1–S7.

 17. Piana RN, Paik GY, Moscucci M, et al. Incidence and treatment 
of ‘no-refl ow’ after percutaneous coronary intervention. 
Circulation 1994;89:2514–2518.

In summary; we consider that clinical data in SS-II may 
not only demonstrate coronary artery severity but also 
predict the no-refl ow phenomenon, increasing suscepti-
bility to coronary distal embolisms, thrombosis, and mi-
crovascular circulatory disorders. We, therefore, tried to 
reveal the relationship between SS-II and the no-refl ow 
phenomenon based on this possible physiopathology.

Limitations

The main limitation of our study is a retrospective design, 
which may be a possible cause of bias. Second limitation: 
small sample size. Also, the fact that other components 
of the acute coronary syndrome were not included in the 
study and that STEMI was limited to only one subgroup, 
acute anterior myocardial infarction, prevent the genera-
lizability of the results.

Conclusion

In the present study, we showed that SS-II, which is used 
to predict the complexity of coronary artery disease and 
prognosis, has also compelling evidence in predicting the 
no-refl ow phenomenon, which is a notable and frequent 
complication of acute myocardial infarction. Multi-cen-
ter, more comprehensive, and prospective studies are re-
quired to further clarify this relationship and underlying 
physiopathology.
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