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Kontext: Terminem pomaly korondrni pritok (coronary slow flow, CSF) se pfi angiografickém vysetreni
oznacuje protrahovand distalni opacifikace koronarnich tepen v nepfitomnosti vyznamné stenézy. | kdyz
presna patogeneze tohoto jevu dosud nebyla zcela objasnéna, pribyvajici dliikazy ukazuji na jisty podil sys-
témového zanétu a mikrovaskularni dysfunkce. Za spolehlivy ukazatel systémového zanétu je v posledni
dobé uznédvan index systémového zanétu a imunitni odpovédi (systemic immune-inflammation index, Sll),
zalozeny na poctech bunék v periferni krvi.
Cilem této studie bylo zhodnotit korelaci mezi hodnotami Sll a pomalym korondrnim pritokem u pacient(
s pocitem tlaku ¢i bolesti na hrudi.
Metody: Do studie bylo zafazeno celkem 300 pacientd ve véku 30 az 70 let, ktefi byli dopraveni na urgentni
pfijem nebo na ambulanci s bolesti na hrudi. Na zakladé vysledku koronarografického vysetieni byli pacienti
rozdéleni do dvou skupin: skupina s CSF (n = 150) a skupina s normalnim koronarnim prétokem (n = 150). Ze
studie byli vyfazeni pacienti s vyznamnou sten6zou koronarni tepny, chlopenni vadou, nddorovym onemoc-
nénim nebo se systémovym zanétem. Hodnota Sl se vypocitavala jako (pocet neutrofild x pocet trombocytd)
/ pocet lymfocytl. Statistické analyzy se provadély s pouzitim softwaru SPSS verze 25.0.
Vysledky: Primérné hodnoty Sl byly ve skupiné CSF vyssi nez u kontrol (728 + 242 vs. 418 + 165; p < 0,001).
Pacienti s CSF vykazovali zvysené poméry neutrofill k lymfocytdm (neutrophil-to-lymphocyte ratio, NLR)
a trombocytd k lymfocytdm (platelet-to-lymphocyte ratio, PLR). V multivariacni logistické regresni analyze
predstavovala zvysend hodnota Sll nezavisly prediktor CSF (OR = 2,41; 95% Cl 1,64-3,53; p < 0,001). Analyza
krivky operacni charakteristiky pfijimace (receiver operating characteristic, ROC) prokazala vhodnou mezni
hodnotu SlI ve vysi 560 s vyslednou 80% senzitivitou a 75% specificitou (AUC = 0,84).
Zavér: Zvysené hodnoty Sll statisticky vyznamné koreluji s pomalym koronarnim pratokem, coz ukazuje na
zasadni roli systémového zénétu v patofyziologii uvedeného jevu. Hodnoty Sl tak mohou predstavovat na-
kladové ucinny a snadno dostupny biomarker pro stanoveni rizika u pacientt s podezienim na CSF.

© 2026, CKS.

ABSTRACT

Background: Coronary slow flow (CSF) is an angiographic occurrence marked by the protracted distal opa-
cification of coronary arteries without the presence of substantial stenosis. While its precise pathogenesis is
not fully elucidated, mounting evidence substantiates the involvement of systemic inflammation and micro-
vascular dysfunction. The Systemic Immune-Inflammation Index (Sll), based on peripheral blood counts, has
lately been recognised as a reliable indicator of systemic inflammation.

The objective of this study was to assess the correlation between SlI levels and coronary sluggish flow in
patients experiencing chest discomfort.

Methods: A total of 300 patients, aged 30 to 70 years, presenting to the emergency department or out-
patient clinic with chest pain were enrolled. All individuals underwent coronary angiography and were
categorised into two groups: the CSF group (n = 150) and the normal coronary flow group (n = 150). Patients
with substantial coronary stenosis, valve disease, cancer, or systemic inflammatory conditions were excluded.
The SIl was computed as (Neutrophil count x Platelet count) / Lymphocyte count. Statistical analyses were
conducted with SPSS version 25.0.
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Results: Mean S levels were markedly elevated in the CSF group relative to controls (728 + 242 vs. 418 + 165,
p <0.001). Patients with CSF exhibited elevated neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lym-
phocyte ratio (PLR). In multivariate logistic regression, increased Sll was an independent predictor of CSF
(OR =2.41, 95% Cl: 1.64-3.53, p <0.001). An examination of the receiver operating characteristic (ROC) curve
indicated an appropriate SIl cutoff of 560, resulting in 80% sensitivity and 75% specificity (AUC = 0.84).
Conclusion: Increased SlI levels are significantly correlated with coronary sluggish flow, indicating that sys-
temic inflammation is crucial in its pathophysiology. The SII may function as a cost-effective and readily
available biomarker for risk evaluation in patients with suspected CSF.

Introduction

Coronary slow flow (CSF) is delayed opacification in the
coronary arteries without occlusion. Initially documented
by Tambe et al. in 1972." The incidence varies from 1%
to 5% in angiograms, although the underlying mecha-
nisms are not fully comprehended.?Proposed aetiologies
encompass microvascular dysfunction, endothelial infla-
mmation, and heightened small-vessel resistance.®* The
Systemic Immune-Inflammation Index (SlI) is a composite
biomarker derived from the counts of neutrophils, lym-
phocytes, and platelets. It harmonises the equilibrium
between inflammatory and immunological responses.
Originally established as a prognostic marker in oncolo-
gy.® the SII has lately been linked to several cardiovascu-
lar disorders, including cardiovascular diseases (CVDs).”®
Considering that CSF is regarded as a low-grade inflam-
matory condition, evaluating the role of Sl may yield new
insights into its pathophysiology and clinical applicabili-
ty."° This study sought to assess SlI levels in CSF patients
relative to people with normal coronary flow.

Materials and methods

Study design and population
This case-control study was performed from January 2024
to June 2025 at a tertiary cardiology centre. Three hun-
dred individuals aged 30 to 70 years, who reported with
chest discomfort and had coronary angiography, were
included in the study. The minimal required sample size,
calculated using G*Power 3.1, was determined to be 270
for an effect size of 0.35, a = 0.05, and power = 0.90.
Inclusion criteria: Individuals aged 30 to 70 years pre-
senting with chest pain warranting coronary angiogra-

phy, with angiographic findings of normal coronary anat-
omy or coronary spasm (Table 1).

Exclusion criteria: Substantial coronary stenosis
(>20%), valvular heart disease, heart failure (ejection
fraction <50%), malignancy, autoimmune or inflamma-
tory disorders, acute infection, chronic renal or hepatic
impairment. Coronary angiography was conducted using
the usual Judkins procedure. The TIMI frame count was
utilised to establish CSF as a corrected TIMI frame count
(CTFC) above 27 frames for a minimum of one major coro-
nary artery."

Laboratory measurements and SlI calculation
Venous blood specimens were obtained following an
8-hour fast. The complete blood count was evaluated by
an automated haematology analyser. SIl = (neutrophil
count multiplied by platelet count) divided by lympho-
cyte count. Routine biochemical parameters were docu-
mented as well (Table 2).

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics 25.0 (IBM Corp., Armonk, NY, USA). The minimal
sample size was determined using G*Power 3.1.9.7. For
a medium effect size (Cohen’s d = 0.35), o = 0.05, and
power (1-B) = 0.90, a minimum sample size of 270 peo-
ple was calculated. To reduce attrition and improve sta-
tistical robustness, 300 participants were included. Data
normality was determined using Kolmogorov-Smirnov
and Shapiro-Wilk tests. Continuous variables with nor-
mal distribution were represented as mean + SD, whereas
non-normally distributed data were presented as median
(IQR). Categorical variables were reported as numbers
and percentages. Both groups were compared using the
Student’s t-test for normally distributed variables and

Table 1 - Baseline demographic and clinical characteristics of the study population

Parameter CSF (n = 150) Control (n = 150) Total (n = 300) t/y? p-value
Age (years) 54.8 £ 9.6 53.6 £ 10.1 542 +9.8 1.01 0.31
Male gender, n (%) 85 (56.7%) 77 (51.3%) 162 (54%) 0.85 0.36
Hypertension, n (%) 72 (48%) 68 (45.3%) 140 (46.7%) 0.22 0.64
Diabetes mellitus, n (%) 36 (24%) 33 (22%) 69 (23%) 0.16 0.69
Smoking, n (%) 65 (43.3%) 60 (40%) 125 (41.7%) 0.30 0.58
BMI (kg/m?) 27.9+3.5 27.5+3.7 27.7 +3.6 0.88 0.38

BMI - body mass index; CSF - coronary slow flow.

Continuous variables were analyzed using Student's t-test; categorical variables were analyzed using the Chi-square (y’) test.



530

Systemic Immune-Inflammation Index and CSF

Table 2 - Laboratory parameters and inflammatory indices in study groups

Parameter CSF (mean = SD)
Neutrophils (x 10°/L) 6.4+18
Lymphocytes (x 10%/L) 1.9+0.6
Platelets (x 10°/L) 274 + 55

SIl ([Neut x PLT]/Lymph) 728 + 242

NLR 3.1+£1.2

PLR 145 + 48

CRP (mg/L) 48+ 1.7

Control (mean = SD) t-value p-value
48+ 1.5 5.12 <0.001
25+0.7 -6.42 <0.001
252 £ 50 3.38 0.001
418 + 165 9.56 <0.001
20+0.8 8.01 <0.001
110 + 40 6.12 0.002
29+13 8.40 <0.001

CRP - C-reactive protein; NLR — Neutrophil-to-Lymphocyte Ratio; PLR - Platelet-to-Lymphocyte Ratio; Sl - Systemic Inmune-Inflammation

Index.

Continuous variables were analyzed using Student's t-test. A p-value <0.05 was considered statistically significant. Significance levels:

p <0.05. Values are expressed as mean = standard deviation (SD).
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Fig. 1 - ROC curve for Sll in predicting coronary slow flow.

the Mann-Whitney U test for non-parametric variables.
Categorical data were analysed using chi-square (x?) or
Fisher's exact test.

SII, TIMI frame count, NLR, PLR, and CRP were correlat-
ed. CSF-independent factors were found using binary lo-
gistic regression. Variables with a p-value <0.10 in univari-
ate analysis were included in the multivariate model. The
results were given as ORs with 95% Cls. SllI's CSF predic-
tion accuracy was assessed using ROC curve analysis (Fig.
1). AUC, optimum cutoff value, sensitivity, and specificity
were calculated using the Youden index (J = sensitivity +
specificity — 1). All statistical tests are two-tailed, and p-
values under 0.05 are significant.

Results

Three hundred patients were analysed, evenly divided
into the CSF group (n = 150) and the control group (n =

150) exhibiting normal coronary flow. The average age
of the entire group was 54.2 + 9.8 years, with 162 indivi-
duals (54%) being male. The baseline demographics, en-
compassing hypertension, diabetes mellitus, and smoking
prevalence, were comparable between the two groups (p
>0.05). Laboratory results indicated markedly elevated in-
flammatory markers in CSF patients. The average SII was
728 + 242 in the CSF group compared to 418 + 165 in the
control group (p <0.001). The neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were
elevated in the CSF group (NLR: 3.1 + 1.2 vs. 2.0 + 0.8, p
<0.001; PLR: 145 = 48 vs. 110 + 40, p = 0.002).

A correlation study revealed a strong positive associa-
tion between TIMI frame count and Sl (r = 0.46, p <0.001).
Multivariate logistic regression revealed Sll (OR = 2.41,
95% Cl: 1.64-3.53, p <0.001) and NLR (OR = 1.83, 95% ClI:
1.21-2.78, p = 0.004) were independent predictors of CSF.
ROC curve research determined an appropriate Sl thresh-
old of 560, resulting in 80% sensitivity and 75% specificity
(AUC = 0.84, p <0.001).

Discussion

The current investigation revealed that patients with CSF
display markedly elevated levels of the SII, NLR, and PLR
in comparison to persons with normal coronary flow.
These findings corroborate the concept that systemic in-
flammation and microvascular endothelial dysfunction
are pivotal in the pathogenesis of CSF.'13

Our findings align with numerous other studies that
have associated inflammatory indicators with CSF. In-
creased levels of C-reactive protein and soluble adhesion
molecules correlate with compromised coronary flow. Ak-
boga et al.’® determined that PLR forecasts both the exis-
tence and intensity of CSF, whereas Li et al."* emphasised
NLR as a sensitive marker of microvascular impairment. In
our investigation, Sll surpassed both NLR and PLR in dis-
criminative capability, indicating that it may offer a more
thorough depiction of immunological and inflammatory
equilibrium. The increase of Sll in CSF can be elucidated
through multiple interrelated processes.'® Activated neu-
trophils discharge reactive oxygen species (ROS) and pro-
teolytic enzymes, resulting in endothelial damage and
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diminished nitric oxide bioavailability, hence elevating
microvascular resistance.®

Concurrently, platelets secrete thromboxane A2, se-
rotonin, and adhesion molecules, thereby enhancing
endothelial activation and microvascular constriction.?
Decreased lymphocyte levels indicate a reduction of the
adaptive immune response, leading to an uncontrolled
proinflammatory environment.?' Collectively, these path-
ways create a detrimental inflammatory loop that may
contribute to CSF. This work builds upon prior findings
by using SIl as a new haematological biomarker in the
evaluation of CSF. In our logistic regression study, Sll in-
dependently predicted CSF (OR = 2.41, 95% CI 1.64-3.53),
even after controlling for confounding variables like hy-
pertension, diabetes, and smoking. The ROC analysis ex-
hibited exceptional diagnostic accuracy (AUC = 0.84), akin
to values documented in acute coronary syndromes and
subclinical atherosclerosis.'-2

These findings underscore Sl as an accessible, cost-ef-
fective, and dependable inflammatory indicator that may
be integrated into the clinical risk assessment of chest
pain patients with normal angiograms. Our data, more-
over, furnish indirect evidence corroborating the con-
tinuum between microvascular inflammation and early
atherosclerosis. Kaya et al.”” and Tasolar et al.'® identified
endothelial dysfunction and low-grade inflammation as
common mechanisms linking CSF and coronary artery
disease (CAD). Oflar et al.?’ and Candemir et al." have
shown that Sl is associated with atherosclerotic plaque
load and instability.

Consequently, CSF may not be a benign angiographic
observation, as previously proposed by Ahmed et al.,?
but instead an early indicator of systemic vascular in-
flammation and a potential precursor to future coronary
events. Clinically, the identification of increased Sl in CSF
patients may impact therapy options. Anti-inflammatory
treatments, including colchicine, statins, and IL-1 inhibi-
tors, have demonstrated efficacy in diminishing vascular
inflammation and enhancing endothelial function.?? The
incorporation of Sl into standard clinical practice may as-
sist in informing therapeutic choices, assessing treatment
response, and stratifying cardiovascular risk in this pa-
tient demographic.?*2*

Notwithstanding its merits — sufficient sample size,
exclusion of confounding inflammatory diseases, and
standardised angiographic evaluation - this study pos-
sesses multiple limitations. The study has a single-centre,
cross-sectional design, which prevents causal inference.
Secondly, specific inflammatory mediators such as IL-6,
TNF-a, and hs-CRP were not assessed. Third, long-term
follow-up data about cardiovascular outcomes were un-
available. Future multicentre longitudinal investigations
are essential to evaluate the predictive significance of
SIl and ascertain whether therapies aimed at systemic
inflammation can enhance coronary microvascular perfu-
sion and outcomes in CSF patients.

In conclusion, our findings robustly endorse the no-
tion that systemic immune-inflammatory activation plays
a substantial role in coronary sluggish flow. The Sll is a re-
liable and effective biomarker for evaluating inflamma-
tory status and forecasting the presence of CSF. Prompt
diagnosis of patients with increased SIl may provide

timely treatment measures to mitigate inflammation,
enhance endothelial function, and avert progression to
overt atherosclerotic disease.
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