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Abstract

Introduction: There is a lack of scientific evidence regarding the association between the ACEF score and the prediction of
coronary slow flow (CSF).

Aim: To investigate the relationship between the ACEF score and CSF.

Material and methods: This retrospective, single-center study enrolled 257 patients who underwent elective coronary angiog-
raphy between January 2024 and August 2025. Patients were stratified into two groups: the CSF group (n = 121) and the normal
coronary flow (NCF) group (n = 136). Receiver operating characteristic (ROC) curve analysis evaluated the accuracy of the ACEF score,
glycated hemoglobin (HbA1c), and low-density lipoprotein cholesterol (LDL-C) in predicting CSF. The incremental value of the ACEF
score relative to its components was assessed using C-statistics, IDI, and NRI. Logistic regression was conducted to evaluate inde-
pendent predictors of CSF presence. The model included sex, hypertension, peripheral artery disease, atrial fibrillation, hemoglobin,
white blood cell count, platelet count, HbAlg, triglycerides, LDL-C, high-density lipoprotein cholesterol (HDL-C), and the ACEF score.

Results: In ROC analysis, the cut-off value of the ACEF risk score was 0.94, with 81% sensitivity and 53% specificity for predicting
CSF (AUC = 0.763, 95% Cl: 0.706-0.821). For HbA1c, the optimal cut-off value was 5.44%, with a sensitivity of 70% and a specificity
of 52% to predict CSF (AUC = 0.610, 95% Cl: 0.538-0.682). The risk of CSF increased by 28% for every 0.1-unit increase in the ACEF
score (OR per 0.1-unit increase: 1.278, 95% Cl: 1.168-1.396). The ACEF score demonstrated superior discrimination (AUC: 0.763
vs. 0.729, p = 0.018) and significant incremental predictive value (IDI = 0.052, p < 0.001) compared to its individual components.

Conclusions: This study suggests that the ACEF score is closely associated with the presence of CSF, independent of its individual
components. The discriminatory ability of the ACEF score was superior to that of HbAlc in patients with CSF.
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Summary

Current evidence on clinical predictors of coronary slow flow (CSF) remains limited, and the role of simple risk scores in
identifying patients at risk has not been well established. In this retrospective study of patients undergoing elective coronary
angiography, the ACEF score was strongly associated with CSF compared to its individual components and demonstrated
superior discriminatory ability compared with glycated hemoglobin. The ACEF score emerged as an independent predictor of
CSF in multivariable analysis. These findings suggest that the ACEF score may serve as a practical and readily available tool
for risk stratification in daily clinical practice and warrant further prospective validation.

Introduction is associated with significant clinical sequelae, including

Coronary slow flow (CSF), also termed cardiac syn-  recurrent angina, acute coronary syndrome, and increased
drome Y, is characterized by angiographically normal or  risk of sudden cardiac death [1]. In recent years, although
near-normal coronary arteries with delayed distal vessel  there has been a rising trend in CSF occurrence in fol-
opacification. Beyond its angiographic presentation, CSF  low-up studies, evidence on its risk factors remains scarce
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[2]. Consequently, an established standard of care for the
prophylaxis and treatment of CSF remains undefined.
Microvascular dysfunction, endothelial dysfunction,
subclinical diffuse atherosclerosis, and small vessel dis-
ease have all been implicated in the pathogenesis of
CSF [3]. All these factors lead to impaired coronary flow
and subsequent ventricular dysfunction [4]. Prior studies
have demonstrated compromised ventricular function in
patients with CSF [5]. In addition, impaired renal func-
tion appears to be associated with slower coronary flow
[6, 7]. Yilmaz et al. found a negative correlation between
glomerular filtration rate (GFR) and Thrombolysis in Myo-
cardial Infarction (TIMI) frame count in patients with im-
paired renal function [6]. Finally, CSF has been reported
to occur more frequently in elderly individuals. Kalayci
et al. identified advanced age, elevated triglyceride levels,
and smoking as predictors of CSF [8]. Although individual
variables such as advanced age, elevated creatinine lev-
els, and impaired ventricular function have been asso-
ciated with CSF, the combined predictive value of these
factors — quantified by the ACEF score — remains unclear.

Aim
We aimed to investigate the relationship between the
ACEF score and CSF presence in the current study.

Material and methods

We conducted a single-center retrospective study in-
cluding 257 consecutive patients who underwent femo-
ral-access coronary angiography (CAG) between January
2024 and August 2025 for clinical suspicion of coronary
artery disease and/or objective evidence of myocardi-
al ischemia on myocardial perfusion scintigraphy and/
or positive exercise stress testing. All included patients
had angiographically normal coronary arteries with no
detectable luminal stenosis. Based on coronary flow
characteristics, the study population was stratified into
two predefined groups: the CSF group and the normal
coronary flow (NCF) group. Angiographic CSF was defined
as normal coronary arteries without any lesions and de-
layed distal vessel contrast opacification (TIMI-2 flow [re-
quiring > 3 beats to opacify the vessel]) in at least one
coronary artery [9, 10]. NCF was stringently defined as
the absence of angiographic stenosis, haziness, ectasia,
tortuosity, or spasm. An experienced interventional car-
diologist, blinded to the ACEF risk score, evaluated the
coronary angiography images from the cineangiography
recordings and assigned the TIMI flow grades for each
coronary artery.

Comorbidities (hypertension, diabetes mellitus, hy-
perlipidemia, chronic kidney disease, peripheral artery
disease, atrial fibrillation), medications (antiplatelet
drugs, statins, B-blockers, angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, oral an-
tidiabetics, and insulin), laboratory (hemoglobin, white

Advances in Interventional Cardiology 2026; 22, 2 (84)

Bihter Senturk et al. ACEF score and coronary slow flow

blood cell count [WBC], platelet count, glucose, glycated
hemoglobin [HbA1c], blood urine nitrogen, creatinine, so-
dium, potassium, total cholesterol, triglycerides, low-den-
sity lipoprotein cholesterol [LDL-C], high-density lipopro-
tein cholesterol [HDL-C]), echocardiographic (LVEF), and
procedural data were retrospectively obtained from the
institutional catheterization laboratory database and
hospital electronic medical records.

The ACEF risk score was calculated using the follow-
ing previously established formula: ACEF = (age/left ven-
tricular ejection fraction (LVEF)) + 1 (if creatinine > 2.0
mg/dl) [11].

Patients who met any of the following criteria were
excluded: coronary artery disease (including coronary
ectasia, coronary spasm, or any degree of stenosis or
haziness), coronary tortuosity, acute coronary syndrome,
decompensated heart failure, severe valvular disease,
acute kidney failure, hepatic dysfunction, severe kidney
disease (estimated GFR < 15 ml/min 1.73 m?), current
hemodialysis, malignancies, and active infections.

Statistical analysis

All statistical analyses were conducted using IBM
SPSS Statistics for Windows, Version 31.0 (IBM Corp.,
Armonk, NY). The Kolmogorov-Smirnov test was used to
assess the normality of the distributions of the variables.
Continuous variables conforming to a normal distribution
were expressed as mean + standard deviation and com-
pared using Student’s t-test. In contrast, those exhibiting
a non-normal distribution were presented as median (in-
terquartile range, IQR [Q1-Q3]) and analyzed using the
Mann-Whitney U test. Categorical variables were sum-
marized as frequencies and percentages and compared
via Pearson’s 2 test or Fisher’s exact test, as appropriate.
Multivariate binary logistic regression analysis using the
enter method was performed to investigate the associa-
tion between the ACEF score and CSF, and between age,
creatinine, and LVEF as individual variables and CSF, ad-
justing for potential confounders to enhance the validity
of the results. The model included clinically important
variables, as well as those with p-values < 0.1 identified
in univariate analysis. Model 1 included age, creatinine,
LVEF, sex, hypertension, peripheral artery disease, atrial
fibrillation, hemoglobin, white blood cell count, platelet
count, HbAlc, triglycerides, LDL-C, and HDL-C. Covari-
ates incorporated into the model, which defined as the
Model 2, included sex, hypertension, peripheral artery
disease, atrial fibrillation, hemoglobin, white blood cell
count, platelet count, HbAlc, triglycerides, LDL-C, HDL-C,
and ACEF score. Statistical significance was defined as
a two-tailed p-value < 0.05. Receiver operating charac-
teristic (ROC) curve analysis was conducted to determine
the optimal ACEF score, LDL-C, and HbAlc cut-off values
for predicting CSF. The discriminative performance of the
models was evaluated using the C-statistic (area under
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the receiver operating characteristic curve), and the sta-
tistical significance of the differences in area under the
curve (AUC) was determined using the Delong test. To
further quantify the added value of the integrated score,
we calculated the integrated discrimination improve-
ment (IDI) and the category-free net reclassification im-
provement (NRI) by using the R integration plug-in within
the SPSS environment. These metrics assess the ability
of the score to better categorize the risk of events com-
pared to the individual variables. Overall model fit and
parsimony were compared using the likelihood ratio (LR)
test and the Akaike information criterion (AIC), where
a lower AIC indicates superior model efficiency. A two-
tailed p-value of < 0.05 was considered statistically sig-
nificant for all analyses.

Results

The baseline characteristics of patients in the two
groups, categorized by coronary flow characteristics,
are presented in Table I. In the context of coronary flow
characteristics, 121 patients who underwent CAG were
identified as meeting the criteria for CSF whereas NCF
was observed in 136 patients who underwent CAG. Pa-
tients with CSF had a significantly higher mean age com-
pared to those with NCF (60.90 +12.15 vs. 52.33 +12.83,
p < 0.001). Additionally, patients with CSF demonstrated
a lower LVEF (52.85 £9.55 vs. 56.15 +7.29, p = 0.002),
as well as elevated levels of creatinine (1.15 +0.55 vs.
1.02 +0.47, p = 0.049), LDL-C (113.15 +38.03 vs. 103.73
+34.70, p = 0.047), HbAlc (5.92 [5.36-6.36] vs. 5.40

Table I. Baseline characteristics of the study population

Parameter Patients with CSF Patients with NCF P-value
(n=121) (n=136)
Age [years] 60.90 +12.15 52.33+12.83 < 0.001
Sex (male/female) 66/55 77/59 0.739
Comorbidities, n (%)
Hypertension 71 (58.7) 66 (48.5) 0.104
Diabetes mellitus 25 (20.7) 24 (17.6) 0.539
Hyperlipidemia 44 (36.4) 42 (30.9) 0.353
Chronic kidney disease 13 (10.7) 10 (7.4) 0.342
Peripheral artery disease 13 (10.7) 6 (4.4) 0.053
Atrial fibrillation 9 (7.4) 5(3.7) 0.185
Left ventricular ejection fraction (%) 52.85 +9.55 56.15 +7.29 0.002
Laboratory variables
Hemoglobin [g/dl] 13.35 £1.80 13.17 +2.08 0.469
White blood cell count [10%/ul] 8.92 +1.97 8.62 +1.87 0.216
Platelet count [10%/ul] 268.41 £74.27 266.03 +64.92 0.784
Glucose [mg/dl] 110.89 +27.52 115.15 +50.39 0.409
HbALC (%) 5.92 (5.36-6.36) 5.40 (5.10-6.21) < 0.001
Blood urine nitrogen [mg/dl] 23.00 (12.30-32.00) 19.20 (11.10-31.00) 0.351
Creatinine [mg/dl] 1.15 +0.55 1.02 +0.47 0.049
Sodium [mmol/1] 138.30 +£3.18 138.27 +2.81 0.946
Potassium [mmol/l] 437 +0.44 4.29 +0.52 0.169
Total cholesterol [mg/dl] 193.16 +45.51 187.87 +46.21 0.373
Triglycerides [mg/dl] 165.77 +62.57 182.95 +114.15 0.155
LDL-C [mg/dl] 113.15 +38.03 103.73 £34.70 0.047
HDL-C [mg/dl] 42.80 +10.94 44.33 £9.26 0.244
ACEF score 1.20 (0.99-1.53) 0.91 (0.72-1.10) < 0.001
Medications, n (%)
Antiplatelet drugs 44 (36.4) 37 (27.2) 0.115
Statins 32 (26.4) 34 (28.) 0.773
B-blockers 43 (35.5) 42 (30.9) 0.429
ACEI 38 (31.4) 37 (27.2) 0.460
ARB 17 (14.0) 14 (10.3) 0.356
Oral antidiabetics 19 (15.7) 25 (20.7) 0.317
Insulin 5(4.1) 12 (9.9) 0.078

CSF — coronary slow flow, NCF — normal coronary flow, HbAIc — glycated hemoglobin, LDL — low-density lipoprotein cholesterol, HDL-C — high-density lipoprotein
cholesterol, ACEl — angiotensin-converting enzyme inhibitors, ARB — angiotensin receptor blockers, ACEF — age, creatinine, left ventricular ejection fraction.
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[5.10-6.21], p < 0.001), and ACEF score (1.20 [0.99-1.53]
vs. 0.91 [0.72-1.10], p < 0.001) compared to patients
with NCF (Table I). No differences were observed in the
prevalence of comorbidities or in the use rates of each
medication (Table I). In addition, 22 (8.5%) patients had
creatinine levels exceeding 2.0 mg/dl. Among these indi-
viduals, 5 (1.9%) were diagnosed with CSF.

Receiver operating characteristic curve analysis
demonstrated area under the curve (AUC) values of
0.763 (95% Cl: 0.706-0.821) for the ACEF score, 0.610
(95% Cl: 0.538-0.682) for HbAlc, and 0.569 (95% ClI:
0.497-0.642) for LDL-C, respectively (Figure 1). The op-
timal cut-off value for the ACEF score was 0.94, with
a sensitivity of 81% and a specificity of 53%. At this cut-
off value, positive predictive value (PPV) was 59.7% and
negative predictive value (NPV) was 73.5%. For HbAlc,
the optimal cut-off value was 5.44%, with a sensitivi-
ty of 70% and a specificity of 52% for predicting CSF.
PPV was 57.2% and NPV was 67.6%. In addition, for
every 0.1-unit increase in the ACEF score, the risk of
CSF increased by 28% (OR per 0.1-unit increase: 1.278
[95% Cl: 1.168-1.396, p < 0.001] (Table Il). When we eval-
uated age, creatinine, and LVEF as separate variables in
the logistic regression analysis, we found that age (OR
= 1.049, 95% Cl: 1.025-1.073) and LVEF (OR = 0.957,
95% Cl: 0.924-0.991) were independent predictors of
CSF (Table 1lI). The ACEF score demonstrated a signifi-
cantly higher C-statistic than the multivariable model
comprising its individual components (0.763, 95% Cl:
0.706-0.821 vs. 0.729, 95% Cl: 0.668-0.790; Delong p =
0.018). The addition of the ACEF score yielded a signifi-
cant improvement in the integrated discrimination index
(IDI) of 0.052 (95% Cl: 0.022-0.082, p < 0.001), confirm-
ing its incremental predictive value. Moreover, the ACEF-
based model showed better overall fit and parsimony
(AIC: 296.4 vs. 318.9) (Table IV).

Discussion

The main findings of the current study can be summa-
rized as follows: (1) patients with CSF may exhibit charac-
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Figure 1. ROC analysis shows the areas under the
curves for ACEF score, HbA1lc, and LDL-C

ACEF score, age, creatinine, left ventricular ejection fraction,
AUC — area under the curve, Cl — confidence interval.

teristics including advanced age, impaired left ventricular
function, and decreased renal function, as well as high
HbA1lc and LDL-C levels; (2) a high ACEF score and HbAlc
level may effectively discriminate between the presence
and the absence of CSF; (3) a high ACEF score itself, but
not individual components such as creatinine, may inde-
pendently predict the presence of CSF in patients with
suspected chronic coronary syndrome; (4) a high ACEF
score may provide significant incremental predictive val-
ue beyond its individual components.

Table Il. Independent predictors for the presence of coronary slow flow

Variables OR (per 0.1-unit increase)

95% Cl P-value

ACEF score 1.278

1.168-1.396 < 0.001

ACEF —age, creatinine, left ventricular ejection fraction, OR — odds ratio, Cl - confidence interval. Model 2, includled sex, hypertension, peripheral artery disease, atrial
fibrillation, hemoglobin, white blood cell count, platelet count, HbAIc, triglycerides, LDL-C, HDL-C, and ACEF score.

Table lIl. Independent predictors for the presence of coronary slow flow

Variables OR 95% Cl P-value
Age 1.049 1.025-1.073 < 0.001
Creatinine 1.743 0.962-3.157 0.067
LVEF 0.957 0.924-0.991 0.013

OR - odds ratio, Cl — confidence interval, LVEF — left ventricular ejection fraction. Model 1 included age, creatinine, LVEF, sex, hypertension, peripheral artery disease,
atrial fibrillation, hemoglobin, white blood cell count, platelet count, HbAIc, triglycerides, LDL-C, and HDL-C.
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Table IV. Incremental predictive value of the ACEF score compared to its individual components

Variable Model 1 (independent variables:

age + LVEF + creatinine)

Model 2 (Composite ACEF Score)

P-value

Discrimination

C-statistic AUC 0.729 (0.668-0.790)

0.763 (0.706-0.821) 0.018 (DeLong)

Reclassification

Category-free NRI Reference 0.067 0.591

IDI Reference 0.052 < 0.001
Model fit

Log-likelihood -155.46 -146.21 < 0.001

AIC 318.9 296.4

AUC — area under the curve, NRI — net reclassification improvement, IDI — integrated discrimination improvement, AIC — Akaike information criterion.

Our findings offer a significant contribution to the
existing literature. Previous studies have identified
metabolic dysregulation as a potential predictor of CSF.
A study by Yilmaz et al. demonstrated that patients ex-
hibiting CSF had higher levels of total cholesterol and
LDL-C, alongside a higher prevalence of metabolic syn-
drome compared to those with NCF [12]. Moreover, met-
abolic syndrome has been correlated with higher TIMI
frame count, indicating a potential mechanistic link.
Turhan et al. further reported a positive correlation be-
tween fasting blood glucose levels and TIMI frame count
[13]. Yilmaz et al. reported a strong correlation between
HbA1c level and TIMI frame count; the incidence of CSF
was significantly higher in patients with HbAlc > 7.0%
[14]. In alignment with these observations, our study
found that while fasting blood glucose levels did not
differ significantly between CSF and NCF groups, HbAlc
— a more reliable biomarker reflecting chronic glycemic
control — and LDL-C levels were significantly elevated in
patients with CSF relative to those with NCF.

The ACEF score integrates key clinical parameters —
age, creatinine level, and LVEF — to provide an indirect
yet robust assessment of patient risk. This scoring sys-
tem serves as a valuable diagnostic tool and prognostic
indicator for adverse outcomes in individuals with var-
jous cardiac diseases, including infective endocarditis,
myocardial infarction with non-obstructive coronary
arteries, acute fulminant myocarditis, and atrial fibrilla-
tion [15-18]. The ACEF score was originally developed to
stratify the risk of adverse events in patients undergo-
ing elective cardiac surgery [11]. The ACEF score has also
demonstrated significant predictive validity in patients
undergoing percutaneous coronary intervention, irre-
spective of presentation with acute or chronic coronary
syndromes [19-21]. Notably, the LEADERS study revealed
a strong association between increased ACEF score and
increased incidence of cardiac death and myocardial in-
farction [19]. Subsequently, this risk stratification model
has been extended to predict the presence and severity
of coronary artery disease, including multi-vessel disease
and left main coronary artery involvement [22-24], there-
by reinforcing its clinical applicability across a spectrum
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of cardiovascular conditions. In our study, we evaluated
the ACEF score for its ability to predict CSF diagnosis.
A higher ACEF score was significantly associated with
accurate classification of CSF. It emerged as an indepen-
dent predictor of its presence, even after adjustment for
confounding variables such as hypertension, peripheral
artery disease, and HbA1c, triglyceride, and LDL-C levels.
Given the multifactorial etiology of CSF baseline coro-
nary blood flow is primarily regulated by autoregulatory
mechanisms. The pathogenesis of CSF involves an imbal-
ance in these mechanisms, characterized by increased
endothelin and sympathetic activity alongside reduced
nitric oxide bioavailability and parasympathetic tone, all
of which critically impair coronary blood flow [4]. Consid-
ering that advanced age and impaired renal and cardiac
function contribute to these dysregulations, the associa-
tion between elevated ACEF score and the development
of CSF is biologically plausible. Finally, our findings may
help understand a higher ACEF score and a higher risk for
CSF development.

A notable finding in our study is the independent
predictive value of LVEF for CSF. While traditionally
viewed as a predisposing risk factor, contemporary evi-
dence suggests that the relationship between LVEF and
CSF may be more complex and potentially bidirectional.
Chronic microvascular ischemia, a hallmark of CSF, can
result in recurrent, subclinical myocardial stunning and
subsequent fibrosis, eventually leading to a reduction
in systolic function. This suggests that a lower LVEF in
CSF patients might not only be an upstream predictor
but also a downstream consequence of long-term micro-
vascular hypoperfusion [25-27]. Recent studies support
this hypothesis, demonstrating that patients with per-
sistent CSF show progressive subtle reductions in global
longitudinal strain and ejection fraction over time [25,
28]. Therefore, the ACEF score, by incorporating LVEF, like-
ly captures the cumulative burden of microvascular and
myocardial damage and serves as a robust marker of dis-
ease severity.

Based on the ROC curve analysis of the current study,
the ACEF score demonstrated superior discriminative
ability for predicting CSF compared to HbAlc levels.
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This finding aligns with results reported in prior investi-
gations [20, 23, 29]. The ACEF score incorporates three
critical pathophysiological variables that are closely as-
sociated with CSF. Consequently, unlike HbAlc levels
alone, these composite parameters may underlie the
enhanced predictive performance of the ACEF score in
identifying patients at risk for CSF. Additionally, while el-
evated HbA1c levels are strongly associated with micro-
vascular dysfunction and increased inflammatory bur-
den, the ACEF score’s integration of hemodynamic and
renal parameters appears to capture a broader spectrum
of the pathophysiological processes underlying CSF [22,
30]. However, the moderate specificity observed for the
ACEF score in our population may suggest that its clin-
ical utility is best achieved when used in conjunction
with metabolic profiles. Recent studies emphasize that
microvascular phenotypes, such as CSF are multifacto-
rial and require a holistic approach to risk assessment
[31]. Therefore, the ACEF score can be considered a valu-
able supportive tool in the risk-stratification hierarchy,
providing incremental prognostic information beyond
HbA1lc alone, rather than replacing traditional diagnos-
tic standards.

Several limitations of the present study warrant con-
sideration. First, the retrospective, single-center design
and relatively limited sample size may constrain the
generalizability of the findings. Second, data on cardiac
clinical outcomes were unavailable, precluding prognos-
tic assessment. Third, the pathophysiology of impaired
coronary blood flow was not evaluated using invasive
or advanced imaging modalities, such as coronary flow
reserve or microcirculatory resistance, which could have
provided additional objective insights. Since, according to
Beltrame’s diagnosis criteria, delayed distal vessel con-
trast opacification was defined as either TIMI-2 flow or
a corrected TIMI frame rate > 27 frames (images acquired
at 30 frames/s) [9], in our study, CSF was diagnosed with
TIMI-2 flow observed in at least one coronary artery. The
TIMI frame count was not calculated. Furthermore, intra-
vascular ultrasound was not employed; assessment was
limited to coronary angiography, which may have failed
to detect subclinical atherosclerotic plaque.

Conclusions

Incorporating the ACEF score into the initial clinical
assessment of patients undergoing CAG may provide cli-
nicians with a valuable tool for predicting CSF likelihood
beyond its individual components. This integration could
facilitate early risk stratification, enabling more informed
decision-making and potentially guiding tailored thera-
peutic strategies to improve patient outcomes.
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