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Abstract

Introduction: The systemic immune inflammation index (SII), based on lymphocyte, neutrophil, and platelet counts, has been 
shown to be an independent indicator of no-reflow phenomenon during percutaneous intervention. However, the relationship be-
tween SII and no-reflow phenomenon (NRP) that develops after the procedure of saphenous vein grafts is unknown.

Aim: In this study, we aimed to investigate the relationship between no-reflow phenomenon and SII during percutaneous inter-
vention on saphenous vein grafts.

Material and methods: A total of 133 patients who underwent percutaneous intervention for saphenous vein grafts due to 
acute coronary syndrome between 2019 and 2022 were included in this study. The receiver-operating characteristics (ROC) curve 
was used to determine the cut-off value of SII to predict the no-reflow. The multivariate regression was used to analyse the correla-
tion between no-reflow and SII.

Results: The median value of SII was significantly higher in patients with no-reflow in comparison with normal reperfusion (543 
(447, 717) vs. 861 (642, 1272), p < 0.001). The optimal threshold for SII in predicting the no-reflow phenomenon was 613, with sen-
sitivity and specificity of 84% and 66%, respectively. The area under the ROC curve (AUC) was 0.80 (95% CI: 0.73–0.89, p < 0.001). In 
multivariate analysis, SII ≥ 613 showed an independent predictive value for the no-reflow (OR = 4.02, 95% CI: 1.40–11.57, p < 0.001).

Conclusions: Our results showed that high SII levels were independently associated with the development of no-reflow phe-
nomenon in patients presenting with acute coronary syndrome and undergoing percutaneous intervention to the SVG.

Key words: no-reflow phenomenon, systemic immune–inflammatory index, saphenous vein intervention.

S u m m a r y

In this study, we aimed to investigate the relationship between no-reflow phenomenon (NRP) and the systemic im-
mune inflammation index (SII) (based on lymphocyte, neutrophil and platelet counts during percutaneous intervention) on 
saphenous vein grafts. A total of 133 patients who underwent percutaneous intervention for saphenous vein grafts due to 
acute coronary syndrome between 2019 and 2022 were included in this study. Our results showed that high SII levels were 
independently associated with the development of NRP in patients presenting with acute coronary syndrome and undergo-
ing percutaneous intervention to the saphenous vein grafts.

Introduction
Coronary artery bypass grafting (CABG) is a revascu-

larisation method used in selected patients with isch-
aemic heart disease [1]. Saphenous vein grafts (SVGs) 

are frequently used in CABG because they are easily ac-
cessible in daily clinical practice and do not have a sig-
nificant effect on venous circulation in the lower extrem-
ities. However, 10–15% of SVGs become occluded in the 
first year after CABG surgery [2]. In the first decade, SVG 
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patency rates are halved due to degenerative or occlu-
sive disease [3]. Percutaneous interventions for occlusive 
lesions in SVGs are challenging and prone to complica-
tions. The condition called the no-reflow phenomenon, 
which describes impaired myocardial reperfusion after 
mechanical revascularisation of the infarct-related ar-
tery, is the leading complication. In patients presenting 
with acute coronary syndrome (ACS), the risk of no-re-
flow increases after the procedure is performed on these 
vessels if the culprit lesion is SVGs [4]. No-reflow phe-
nomenon has multifactorial and complex pathogene-
sis, including distal embolisation, excessive thrombotic 
activity, microvascular spasm, inflammatory processes, 
the release of free oxygen radicals, and ischaemia–
reperfusion injury [5]. No-reflow phenomenon is closely 
associated with adverse cardiovascular outcomes [6]. 
A  predictive system for anticipating this phenomenon 
before the procedure could significantly enhance clinical 
efficacy by facilitating personalised treatment selection 
and empowering physicians to proactively implement 
preventive measures.

The systemic immune–inflammatory index (SII) is 
calculated based on neutrophil, lymphocyte, and platelet 
counts and is used as an indicator of the inflammatory 
status of the body [7]. The 3 inflammatory parameters 
that make up the SII are obtained from a complete blood 
count, and the calculation can be performed quickly. Nu-
merous studies have shown that SII is a strong and inde-
pendent prognostic indicator of the adverse outcomes of 
inflammatory diseases and malignant tumours [7–9]. Its 
high prognostic value has also been confirmed in vari-
ous cardiovascular diseases, such as chronic heart failure 
and coronary artery disease [10–16]. However, its role in 
predicting the risk of no-reflow in percutaneous interven-
tions to SVG has yet to be extensively investigated.

Aim
This study investigated the association between the 

SII and no-reflow phenomenon during percutaneous in-
tervention in SVGs in CABG patients presenting with ACS. 
Our secondary objective was to evaluate the prognostic 
value of the SII in CABG patients presenting with ACS 
to assess death and major cardiac adverse events within  
1 year after discharge.

Material and methods
Patient selection
The study included 314 patients with a history of pre-

vious CABG who were hospitalised between 2019 and 
2022 with a diagnosis of ACS and who underwent percu-
taneous intervention of the SVG. Of these patients, 151 
were excluded because the duration of the cine angiog-
raphy images was not long enough to assess the myocar-
dial blush grade (MBG) accurately. Thirty more patients 
with neoplastic diseases, a  recent history of major sur-

gery, active inflammatory or infective diseases, end-stage 
liver disease, and haematological disorders were exclud-
ed. The remaining 133 patients were retrospectively eval-
uated (Figure 1). The diagnosis of ACS was made by the 
current guidelines (Fourth Universal Definition of Myo-
cardial Infarction [2018]) considering clinical symptoms, 
electrocardiographic changes, and changes in cardiac en-
zymes [17]. The study protocol was approved by the local 
Ethics Committee and complied with the Declaration of 
Helsinki.

Patient data
Demographic characteristics, cardiovascular risk fac-

tors, medications, and in-hospital mortality information 
were obtained from hospital records. After the index 
hospitalisation, routine 1-month, 6-month, and 1-year 
follow-up visits were performed, and information about 
possible recurrent infarction, hospitalisation, and mortal-
ity was recorded.

Complete blood count, creatinine, serum lipids, serum 
glucose, and C-reactive protein (CRP) were obtained from 
venous blood samples taken at the time of admission to 
the emergency department or initial hospitalisation in 
the coronary intensive care unit. The neutrophil-to-lym-
phocyte ratio (NLR) was calculated as the ratio of neu-
trophils to lymphocytes, and the platelet-to-lymphocyte 
ratio (PLR) was calculated as the ratio of platelets to lym-
phocytes. The SII was calculated as the ratio of the prod-
uct of neutrophil count and platelet count to lymphocyte 
count [7]. Left ventricular ejection fraction (LVEF) was 
calculated using echocardiography performed within the 
first 24 h after hospitalisation using Simpson’s method.

Angiographic analysis and no-reflow 
phenomenon
All percutaneous intervention procedures were per-

formed using a 6-Fr guiding catheter through the left ra-
dial or right femoral route using standard techniques. All 
patients were treated with 300 mg of aspirin and 180 mg  
of ticagrelor, clopidogrel at an appropriate dose (300 mg 
or 600 mg), or 60 mg of prasugrel in appropriate patients 
before the procedure. During the procedure, 50–70 U/kg  

Assessed for eligibility (n = 314)Enrollment

The remaining patients were 
included (n = 133)

Excluded (n = 151)
•  Angiography images were 

insufficient for blush grading 
(n = 30)

•  Not meeting inclusion criteria 
(n = 151)

Figure 1. Flowchart
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of unfractionated heparin was administered. The de-
cision to use mechanical thrombectomy, intracoronary 
glycoprotein IIb/IIIa receptor blockers, adrenaline, ade-
nosine, or nitroglycerin was left to the operator. Coronary 
angiography recordings were obtained using a  Toshiba 
Infinix 8000 V and Toshiba Infinix 8000 G5 (Toshiba 
Medical Systems, Nasushiobara, Japan). Two blinded in-
terventional cardiologists analysed the angiographic im-
ages, and if necessary, a third blinded interventional car-
diologist was consulted. Angiographic thrombus grade 
was visually assessed as follows: grade 0: no angiograph-
ic features of the thrombus; grade 1: angiographic fea-
tures of the possible thrombus (reduced contrast intensi-
ty, blurring, irregular lesion contour, or a smooth convex 
“meniscus” at the site of occlusion); grade 2: definite 
thrombus with the largest dimension less than or equal 
to half the vessel diameter; grade 3: definite thrombus 
with the largest dimension greater than half but less 
than or equal to twice the vessel diameter; grade 4:  
definite thrombus with the largest dimension greater 
than twice the vessel diameter; and grade 5: total vessel 
occlusion due to thrombus [18].

No-reflow phenomenon is defined as inadequate 
myocardial tissue perfusion after a  transient period of 
ischaemia without signs of mechanical obstruction such 
as dissection, spasm, or thrombus in the epicardial ar-
tery [19]. The no-reflow phenomenon concept also en-
compasses the phenomenon of slow flow [19]. The TIMI 
angiographic scale using grades 0, 1, 2, and 3 before and 
after percutaneous intervention was used to determine 
epicardial blood flow patterns [20]. Post-procedural myo-
cardial perfusion was evaluated using the MBG method 
based on the procedure described by van’t Hof et al. [21]. 
Through this method, patients with no contrast intensity 
were graded as MBG 0, patients with minimal contrast 
intensity as MBG 1, patients with moderate but below 
normal contrast intensity as MBG 2, and patients with 
normal contrast intensity as MBG 3. Angiographically, 
no-reflow was defined as a  post-procedural TIMI flow 
grade score ≤ 2 or MBG < 2 and a TIMI flow grade score 
of 3 [22].

Statistical analysis
Statistical analysis was performed using SPSS for Win-

dows (version 21.0; SPSS Inc., Chicago, Illinois, USA). The 
continuous data were expressed as the mean ± standard 
deviation or median (interquartile range) depending on 
normality, assessed using the Kolmogorov-Smirnov test. 
The categorical variables were expressed as counts (n) 
and percentages (%). According to normality, the group 
means for continuous variables were compared using ei-
ther the independent samples t-test or the Mann-Whit-
ney U  test. Spearman’s correlation coefficients were 
used to determine the correlations between the SII and 
the no-reflow.

As appropriate, the categorical variables were com-
pared using the c2 test or Fisher’s exact test. The associa-
tion of different variables with the no-reflow phenomenon 
and 1-year mortality was calculated in univariate analysis. 
Variables showing marginal associations with the no-re-
flow and 1-year mortality on univariate testing (p < 0.50) 
were included in the multivariate regression analysis. The 
stepwise method with backward elimination was used. 
Odds ratios with 95% confidence intervals were also 
calculated. Receiver operating characteristic (ROC) curve 
analysis was performed to define thresholds for SII for pre-
dicting the no-reflow with corresponding specificity and 
sensitivity. A two-sided p < 0.05 was considered statistical-
ly significant. ROC curve analysis was performed to define 
the thresholds for the SII for predicting the no-reflow with 
the corresponding specificity and sensitivity. 

Results
Of the 133 patients included in the study, 115 were 

male and 18 were female. The demographic, clinical, and 
laboratory characteristics of the patients are summarised 
in Table I. Forty-seven of the patients were hospitalised 
due to ST-elevation myocardial infarction (STEMI), and 
the remaining 86 were hospitalised due to non-ST-ele-
vation myocardial infarction (NSTEMI). Reperfusion was 
achieved in 84 (63%) patients, and no-reflow developed 
in 49 (37%) patients. The white blood cells (WBC) and 
neutrophil values were significantly higher in the no-re-
flow group (8800 [7000, 10,900] vs. 9900 [8200–12,400], 
p = 0.048; 5900 [4400, 7600] vs. 7100 [5700, 9500];  
p = 0.002), while the lymphocyte values were signifi-
cantly lower in the no-reflow group (2200 [1700, 2700] 
vs. 1900 [1300, 2300], p = 0.043). The median value of 
SII was significantly higher in patients with no-reflow 
in comparison with normal reperfusion (543 [447, 717] 
vs. 861 [642, 1272], p < 0.001). The NLRs and PLRs were 
also significantly higher in patients with no-reflow (2.68 
[2.09, 3.57] vs. 3.90 [2.96, 5.75]; p < 0.001, 92.44 [75.81, 
119.69] vs. 129.46 [99.47, 156.96], p < 0.001).

Moreover, there was no significant difference be-
tween the groups with and without no-reflow in terms 
of LVEF and Killip > 2 at index hospitalisation (45 [40, 
50] vs. 45 [32.5, 50], p = 0.422; 7% vs. 16%, p = 0.14). 
While there was no statistically significant difference in 
in-hospital mortality between the no-reflow and normal 
perfusion groups at index hospitalisation (4% vs. 10%,  
p = 0.14), the 1-year mortality rate was significantly 
higher in the no-reflow group (8% vs. 27%, p = 0.01).

The angiographic characteristics of the study popula-
tion are summarised in Table II. There was no significant 
difference in no-reflow in cases in which the culprit lesion 
affected the inferior region of the heart (19% vs. 35%,  
p = 0.06). No statistically significant difference was found 
in pre-dilatation, post-dilatation, stent diameter, and size 
between the normal perfusion and no-reflow groups. 
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Thrombus aspiration and glycoprotein IIb–IIIa inhibitor 
use were significantly higher in the no-reflow group (5% 
vs. 18%, p = 0.02, 21% vs. 51%, p < 0.001). 

ROC curve analysis further showed that SII was 
a  prominent predictor of the no-reflow phenomenon 
with an AUC of 0.80 (95% CI: 0.73–0.89, p < 0.001) as 
compared with other predictors of no-reflow (NLR; AUC 
= 0.76 (95% CI: 0.68–0.85, p < 0.001) and age; AUC, 0.38 
(95% CI: 0.29-0.48, p = 0.03). The optimal threshold for 
SII in predicting the no-reflow phenomenon was 613, 
with sensitivity and specificity of 84% and 66%, respec-
tively (Figure 2).

The parameters that could be risk factors for no-reflow 
in ACS patients undergoing saphenous intervention were 
evaluated using logistic regression analysis (Table III).  

For this purpose, age, diabetes mellitus, inferior infarct 
location, Killip > 2, NLR, PLR, SII ≥ 613, total stent length, 
initial TIMI score > 2, and thrombus grade ≥ 3 were anal-
ysed in the context of whether they were correlated with 
no-reflow. Age, NLR, PLR, SII ≥ 613, total stent length, and 
thrombus grade ≥ 3, which were risk factors found to 
be correlated with no-reflow as a  result of the univari-
ate logistic regression analysis, were also analysed using 
multivariate logistic regression analysis. Accordingly, age, 
NLR, SII ≥ 613 (odds ratio: 4.02, 95% CI = 1.40–11.57,  
p < 0.01), and thrombus grade ≥ 3 were found to be in-
dependent predictors of no-reflow in percutaneous inter-
vention of SVG in patients with ACS.

The associations between different variables and 
1-year mortality after the procedure were evaluated 

Table I. Baseline demographic and clinical characteristics

Characteristics Normal reperfusion n = 84 No-reflow n = 49 P-value

Age [years] 68 (62, 76) 64 (55.5, 71) 0.03

Gender (male), n (%) 72 (73) 43 (88) 0.80

Smoking, n (%) 36 (43) 22 (42) 0.37

Hypertension, n (%) 56 (67) 28 (57) 0.35

Diabetes mellitus, n (%) 37 (44) 23 (47) 0.86

Prior stroke, n (%) 3 (4) 1 (2) 1.00

Haemoglobin [mg/dl]* 13.2 ±2.1 13.4 ±2 0.71

WBC count [μl]* 8800 (7000, 10900) 9900 (8200, 12400) 0.05

Platelet count [× 109/l]* 198 (171, 244) 225 (171, 268.5) 0.11

Neutrophil count [μl]* 5900 (4400, 7600) 7100 (5700, 9500) 0.002

Lymphocyte count [μl]* 2200 (1700, 2700) 1900 (1300, 2300) 0.04

Creatinine [mg/dl]* 1 (0.8, 1.3) 1 (0.8, 1.3) 0.99

Total cholesterol [mg/dl]* 192 ±58.8 194.3 ±60.7 0.89

Triglyceride [mg/dl]* 113 (84, 180.8) 120 (70, 178.5) 0.70

HDL-C [mg/dl]* 41 (36, 47.8) 40 (33.5, 49) 0.60

LDL-C [mg/dl]* 136.3 ±46.4 138.7 ±49.3 0.68

Glucose [mg/dl]* 149.5 (111.3, 227.3) 157 (112.5, 236) 0.44

Hs-CRP [mg/dl]* 4.8 (3.1, 11.9) 4.5 (3.2, 13.1) 0.76

Neutrophil/lymphocyte ratio* 2.7 (2.1, 3.6) 3.9 (3, 5.8) < 0.001

Platelet/lymphocyte ratio* 92.4 (75.8, 119.7) 129.5 (99.5, 157) < 0.001

Systemic immune inflammation index* 543 (447, 717) 861 (642, 1272) < 0.001

NonSTEMI, n (%) 57 (68) 28 (57) 0.26

Killip > 2, n (%) 6 (7) 8 (16) 0.14

LVEF (%) 45 (40, 50) 45 (32.5, 50) 0.42

In-hospital mortality, n (%) 3 (4) 5 (10) 0.14

One-year mortality, n (%) 7 (8) 13 (27) 0.01

Medications in hospital, n (%)

Dual antiplatelet treatment, n (%) 84 (100) 49 (100) NS

ACEI, n (%) 66 (79) 35 (71) 0.40

ARB, n (%) 3 (4) 1 (2) 1.00

b-blocker, n (%) 72 (86) 41 (84) 0.80

Statin, n (%) 82 (98) 46 (94) 0.36

Data shown as mean ± standard deviation and n (%). *IQR: interquartile range; WBC – white blood cell, HDL-C – high-density lipoprotein cholesterol,  
LDL-C – low-density lipoprotein cholesterol, hs-CRP – high-sensitivity C-reactive protein, nonSTEMI – non-ST elevation myocardial infarction, LVEF – left ventricular 
ejection fraction, ACEI – angiotensin-converting enzyme inhibitor, ARB – angiotensin II receptor blocker.
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Table II. Angiographic and procedural characteristics

Characteristics Normal reperfusion n = 84 No-reflow n = 49 P-value

Predilatation, n (%) 53 (63) 32 (65) 0.85

Postdilatation, n (%) 17 (20) 8 (16) 0.65

Use of thrombus aspiration, n (%) 4 (5) 9 (18) 0.015

Glycoprotein IIb IIIa inhibitor, n (%) 18 (21) 25 (51) 0.001

Stent diameter [mm] 3 (2.75, 3.5) 3 (0, 3.5) 0.07

Total stent length [mm] 20 (16, 28) 20 (0, 31.5) 0.6

Inferior infarct location, n (%) 16 (19) 17 (35) 0.06

Preprocedural TIMI grade, n (%):

 0 17 (20) 29 (60) < 0.001

 1 14 (17) 7 (14)

 2 37 (44) 7 (14)

 3 16 (19) 6 (12)

Postprocedural TIMI grade, n (%):

 0 0 4 (8) < 0.001

 1 0 18 (37)

 2 2 (2) 24 (49)

 3 82 (98) 3 (6)

Myocardial blush grade, n (%):

 0 0 24 (49) < 0.001

 1 0 25 (51)

 2 19 (23) 0 

 3 65 (77) 0

Thrombus grade, n (%):

 0 1 (1) 0 < 0.001

 1 9 (11) 3 (6)

 2 28 (33) 5 (10)

 3 26 (31) 6 (12)

 4 3 (4) 6 (12)

 5 17 (20) 29 (59)

Data shown as mean ± standard deviation and n (%). TIMI – thrombolysis in myocardial infarction.

Parameter AUC 95% CL P-value

Age 0.384 0.29–0.48 0.03

SII 0.802 0.73–0.89 < 0.001

NLR 0.766 0.68–0.85 < 0.001

Figure 2. ROC curve analysis for age, systemic immune-inflammation index (SII), and neutrophil to lymphocyte 
ratio (NLR)
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using univariate analysis. Variables with a p < 0.5 were 
analysed using a multivariate logistic regression model 
in univariate analysis. According to the multivariate re-
gression analysis, age, Killip > 2, and NLR values were 
independent predictors of 1-year mortality (Table IV).

Discussion
In our study, we mainly investigated the relationship 

between the SII and no-reflow phenomenon, which is 
one of the most important complications of percutane-
ous intervention of SVGs in patients presenting with ACS. 
According to the results of our study, SII was found to be 
an independent predictor of no-reflow phenomenon in 
patients presenting with ACS and undergoing percutane-
ous intervention of the SVG.

Depending on the methods used to assess no-reflow 
phenomenon, studies have shown that it increases by 
5%–50% after primary percutaneous coronary interven-
tion (PCI) [23]. Both ACS and SVG interventions are risk 
factors for the development of no-reflow [24]. In Gürbak 
et al.’s study, the rate of no-reflow development was 29% 

in interventions performed in the SVG [25]. In another 
study, this rate was 18% in patients undergoing PCI of 
the SVG [26]. Özen et al. found a no-reflow rate of 31% 
in 124 patients who presented with ACS and who under-
went PCI of the SVG [27]. However, in this study, angio-
graphic no-reflow was defined as TIMI flow grade < 3. 
Patients with TIMI flow grade > 3 and MBG < 2 were not 
included in the definition of no-reflow. In our research, 
the no-reflow rate was approximately 37%. The reason 
for the higher rate in our study compared with the liter-
ature may be that we used a more sensitive method to 
evaluate no-reflow phenomenon.

Compared with atherosclerotic plaques in native cor-
onary arteries, atherosclerotic plaques in SVGs are more 
diffuse and fragile and have less calcification. In addition, 
plaques in SVGs contain more inflammatory cells and 
fewer fibrous caps. Because of these different character-
istics, SVG lesions are more prone to distal embolisation, 
resulting in angiographic no-reflow and distal microvas-
cular occlusion [28]. To prevent such complications, the 
use of emboli protection devices is recommended for 

Table III. Significant predictors of no-reflow in univariate and multivariate logistic regression analyses

Variables Univariate analysis Multivariate analysis

OR 95% CI P-value 0R 95% CI P-value

Age 0.92 0.87-0.97 0.003 0.93 0.89-0.98 0.005

Diabetes mellitus 0.81 0.31–2.12 0.67 – – –

Inferior infarct location 0.75 0.25–2.28 0.62 – – –

Killip > 2 0.84 0.18–4.07 0.85 – – –

NLR 1.78 1.19–2.66 0.005 1.73 1.20–2.51 0.003

PLR 0.99 0.99–1.00 0.45 1.00 0.99–1.00 0.46

SII ≥ 613 4.84 1.59–14.69 0.005 4.02 1.40–11.57 0.01

Total stent length 1.01 0.98–1.04 0.45 1.01 0.98–1.04 0.38

Thrombus grade ≥ 3 3.28 0.92–11.66 0.06 3.39 1.20–9.56 0.02

Initial TIMI score > 2 0.86 0.19–3.95 0.85 – – –

OR – odds ratio, CI – confidence interval, NLR – neutrophil to lymphocyte ratio, PLR – platelet to lymphocyte ratio, SII – systemic immune-inflammation index,  
TIMI – thrombolysis in myocardial infarction.

Table IV. Effects of various variables in 1-year mortality in univariate and multivariate logistic regression ana-
lyses

Variables Univariate analysis Multivariate analysis

OR 95% CL P-value OR 95% CL P-value

Age 1.06 0.99–1.14 0.10 1.06 1.00–1.14 0.05

Gender (female) 1.82 0.33–9.93 0.49 1.87 0.35–10.1 0.46

Inferior infarct location 0.80 0.21–3.04 0.74 – – –

Diabetes mellitus 0.82 0.24–2.75 0.75 – – –

Hypertension 2.60 0.62–10.93 0.13 2.25 0.59–8.35 0.23

Smoking 2.20 0.57–8.45 0.25 2.01 0.55–7.44 0.29

Killip > 2 11.06 2.72–45.03 0.001 8.42 2.27–31.30 0.001

NLR 1.72 1.15–2.85 0.009 1.52 1.16–2.01 0.003

SII ≥ 613 0.72 0.15–3.29 0.67 0.74 0.16–3.34 0.70

OR – odds ratio, CI – confidence interval, SII – systemic immune-inflammation index, NLR – neutrophil to lymphocyte ratio.
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procedures conducted on SVGs [29]. However, in con-
temporary PCI, emboli protection devices are used in 
only 14–21% of patients [29]. In some clinical studies, 
distal protection devices have been shown to increase 
the no-reflow rate in procedures performed on SVGs [28]. 
This is thought to be due to the use of emboli protection 
devices in older patients with a higher thrombus burden 
[28]. Emboli protection devices were not used in the pa-
tient population in our study, which contributed to its 
high no-reflow rate.

Previous studies have shown that molecular interac-
tions between leukocytes and platelets trigger no-reflow 
phenomenon by increasing local inflammatory activity at 
the microcirculatory level [23, 30]. Neutrophilia has also 
been shown to be highly associated with no-reflow in pa-
tients undergoing PCI for ACS [31]. Activated neutrophils 
adhere to the endothelium in capillaries and become 
trapped in microvessels, thus contributing to changes 
in endothelial cells and vessel occlusion. Furthermore, 
activated neutrophils release a variety of inflammatory 
mediators, including various cytokines (e.g. tumour ne-
crosis factor-α and interleukin-1b), free oxygen radicals, 
and proteolytic enzymes that directly cause microvascu-
lar endothelial damage. At the same time, neutrophils 
combine with platelets to form neutrophil–platelet ag-
gregates that inhibit microcirculation, thus mechanically 
arresting blood flow. Activated platelets release inflam-
matory mediators into the microcirculation, causing the 
activation of other platelets and promoting the retention 
of more platelets, thus creating a vicious cycle of inflam-
mation and coagulation [32]. In addition, a prothrombot-
ic state resulting from thrombocytosis may contribute to 
the development of no-reflow [33]. Lymphocytopaenia 
has been reported to be significantly associated with the 
progression of atherosclerosis and major adverse cardiac 
outcomes in patients with acute myocardial infarction 
[34]. Several possible causes of lymphopaenia in ACS pa-
tients have been proposed, including sudden increased 
corticosteroid levels, neurohormonal hormone levels, 
and increased lymphocyte apoptosis due to uncontrolled 
immune system activation [35, 36]. In conclusion, a de-
creased lymphocyte count indicates severe inflammation 
and may lead to an increased risk of no-reflow.

Due to the effects of inflammatory cells on the patho-
physiology of no-reflow phenomenon, there has been 
increasing interest in the clinical use of various inflam-
matory ratios to predict the development of no-reflow. 
Several studies have suggested that it can predict the 
risk of NLR and PLR. Sen et al. found that a high NLR was 
associated with both no-reflow phenomenon and long-
term prognosis in STEMI patients undergoing primary 
PCI [37]. Vatan et al. found a high NLR to be one of the in-
dependent predictors of no-reflow in STEMI patients [15]. 
Toprak et al. showed that the PLR value at admission was 
an independent predictor of no-reflow phenomenon in 

STEMI patients [38]. Kocas et al. showed that the NLR 
was an independent predictor of a high TIMI flow grade 
[39]. In another study, Vakili et al. found that both PLR 
and NLR correlated with the TIMI flow grade and were 
effective indices for predicting no-reflow phenomenon 
in STEMI patients undergoing primary PCI [40]. However, 
these models (i.e. NLR and PLR) only indicate local im-
mune and inflammatory status, whereas inflammation is 
often systemic.

SII is a  value derived from neutrophil, platelet, and 
lymphocyte counts that can reflect comprehensive im-
mune and inflammatory status. Initially used to predict 
clinical outcomes in inflammatory diseases and ma-
lignant tumours, the SII has proven to be a  promising 
prognostic marker in various cardiovascular diseases. 
Selçuk et al. found that SII was an independent predictor 
of postoperative atrial fibrillation in patients undergoing 
isolated CABG [13]. Vatan et al. showed that the SII was 
an independent predictor of the development of no-re-
flow phenomenon in patients who presented with STEMI 
and underwent primary PCI [15]. Recently, Özen et al. 
found that SII was an independent predictor of the devel-
opment of no-reflow in patients who presented with ACS 
and underwent percutaneous intervention of SVGs [27]. 
However, they used the TIMI flow grade method to define 
the no-reflow phenomenon. A TIMI flow grade between 0 
and 2 is predictably associated with no-reflow phenom-
enon. However, the sensitivity of the TIMI flow grade is 
relatively low. The no-reflow phenomenon can also oc-
cur after successful large epicardial vessel recanalisation, 
resulting in TIMI flow grade 3. MBG is a more sensitive 
method for assessing no-reflow phenomenon after per-
cutaneous intervention [41]. MBG is a semiquantitative 
method that shows myocardial tissue perfusion after 
contrast agent injection. In our study, a combination of 
the TIMI flow grade and MBG was used to assess no-re-
flow phenomenon.

In our study, we demonstrated that age, NLR, SII ≥ 613, 
and thrombus grade ≥ 3 score were strong independent 
predictors of the development of no-reflow in patients 
with ACS undergoing SVG procedures. When SII, age, and 
NLR were compared in the ROC curve analysis, SII had the 
most significant predictive value for no-reflow. This result 
is consistent with a previous report [27].

No-reflow phenomenon is an important complica-
tion that is more common in patients undergoing CABG 
surgery and has negative impacts on mortality and mor-
bidity. Therefore, an easy and feasible method that can 
predict the development of no-reflow before the proce-
dure is important in terms of possible complications to 
be encountered during the intervention. The relationship 
between inflammation and the extent of atherosclerosis 
has been studied for many years. SII is a fast and easily 
obtained value that can be calculated with inflammatory 
parameters using a complete blood count. This correla-
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tion between SII and no-reflow might help operators to 
be prepared for possible complications.

Recently, studies have shown that SII can predict 
prognoses in ACS patients. Huang et al. found that SII 
was an independent predictor of in-hospital mortality 
and long-term mortality in elderly patients with acute 
myocardial infarction undergoing percutaneous interven-
tion [42]. Vatan et al. showed that SII was independently 
correlated with 30-day mortality in STEMI patients [15]. 
Conversely, Gur et al. found no relationship between SII 
and mortality in ACS patients [43]. In our study, we found 
no association between 1-year mortality and SII.

This study has some limitations. First, this study has 
a  single-centre, retrospective, and cross-sectional de-
sign. Again, this study was performed using a relatively 
limited patient group. Second, we conducted this study 
using only the entry levels of SII. The SII levels after the 
acute phase of ACS were not assessed, which restricted 
the study’s relevance, particularly concerning long-term 
outcomes such as mortality. Third, complex imaging mo-
dalities, such as myocardial contrast echocardiography 
and cardiac magnetic resonance imaging, were not used 
for the diagnosis of no-reflow phenomenon. Therefore, 
prospective studies with larger populations are needed 
to confirm our results.

Conclusions
This study showed that high SII levels, which could be 

easily calculated with a single complete blood count test, 
were independently associated with the development of 
no-reflow phenomenon in patients who presented with 
ACS and who underwent percutaneous intervention of 
the SVG. However, no association was found between 
1-year mortality and SII levels in the same patient group.

Funding
No external funding.

Ethical approval
The study protocol was approved by the local Ethics 

Committee and complied with the Declaration of Helsin-
ki (E-71522473-050.01.04-216168-03).

Conflict of interest
The authors declare no conflict of interest.

References

1. Hillis LD, Smith PK, Anderson JL, et al. 2011 ACCF/AHA Guide-
line for Coronary Artery Bypass Graft Surgery: a  report of the 
American College of Cardiology Foundation/American Heart As-
sociation Task Force on Practice Guidelines. Circulation 2011; 
124: e652-735.

2. Harskamp RE, Lopes RD, Baisden CE, et al. Saphenous vein graft 
failure after coronary artery bypass surgery: pathophysiology, 
management, and future directions. Ann Surg 2013; 257: 824-33.

3. Lee MS, Park SJ, Kandzari DE, et al. Saphenous vein graft inter-
vention. JACC Cardiovasc Interv 2011; 4: 831-43.

4. Harrison RW, Aggarwal A, Ou FS, et al. Incidence and outcomes 
of no-reflow phenomenon during percutaneous coronary inter-
vention among patients with acute myocardial infarction. Am  
J Cardiol 2013; 111: 178-84.

5. Bolognese L, Carrabba N, Parodi G, et al. Impact of microvas-
cular dysfunction on left ventricular remodeling and long-term 
clinical outcome after primary coronary angioplasty for acute 
myocardial infarction. Circulation 2004; 109: 1121-6.

6. Brosh D, Assali AR, Mager A, et al. Effect of no-reflow during pri-
mary percutaneous coronary intervention for acute myocardial 
infarction on six-month mortality. Am J Cardiol 2007; 99: 442-5.

7. Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation index 
predicts prognosis of patients after curative resection for hepa-
tocellular carcinoma. Clin Cancer Res 2014; 20: 6212-22.

8. Huang Y, Gao Y, Wu Y, Lin H. Prognostic value of systemic im-
mune-inflammation index in patients with urologic cancers: 
a meta-analysis. Cancer Cell Int 2020; 20: 499.

9. Wu J, Yan L, Chai K. Systemic immune-inflammation index is as-
sociated with disease activity in patients with ankylosing spon-
dylitis. J Clin Lab Anal 2021; 35: e23964.

10. Candemir M, Kiziltunç E, Nurkoç S, Şahinarslan A. Relationship 
between systemic immune- inflammation index (SII) and the 
severity of stable coronary artery disease. Angiology 2021; 72: 
575-81.

11. Oztürk R, Inan D, Güngor B. Systemic immune-inflammation in-
dex is a predictor of contrast induced nephropathy in patients 
with ST-segment elevation myocardial infarction. Angiology 
2022; 73: 125-31.

12. Tang Y, Zeng X, Feng Y, et al. Association of systemic immune 
inflammation index with short-term mortality of congestive 
heart failure: a retrospective cohort study. Front Cardiovasc Med 
2021; 8: 753133.

13. Selcuk M, Cinar T, Saylik F, et al. Predictive value of systemic 
immune inflammation index for postoperative atrial fibrillation 
in patients undergoing isolated coronary artery bypass grafting. 
Medeni Med J 2021; 36: 318-24.

14. Tosu AR, Kalyoncuoglu M, Biter HI, et al. Prognostic value of 
systemic immune-inflammation index for major adverse cardi-
ac events and mortality in severe aortic stenosis patients after 
TAVI. Medicina 2021; 57: 588.

15. Vatan MB, Cakmak AC, Agac S, et al. The systemic immune-in-
flammation index predicts impaired myocardial perfusion and 
short-term mortality in ST-segment elevation myocardial infarc-
tion patients. Angiology 2023; 74: 365-73.

16. Lesiak M, Urbanowicz TK, Olasińska-Wiśniewska A, et al. Neu-
trophil and lymphocyte count as predictors of the location of 
calcific coronary lesions in patients treated with rotational 
atherectomy. Adv Interv Cardiol 2023; 19: 343-50. 

17. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition 
of Myocardial Infarction (2018). Circulation 2018; 138: e618-51.

18. Sianos G, Papafaklis MI, Serruys PW. Angiographic thrombus 
burden classification in patients with ST-segment elevation my-
ocardial infarction treated with percutaneous coronary interven-
tion. J Invasive Cardiol 2010; 22: 6B-14B.

19. Salinas P, Jimenez-Valero S, Moreno R, et al. Update in pharma-
cological management of coronary no-reflow phenomenon. Car-
diovasc Hematol Agents Med Chem 2012; 10: 256-64.

20. TIMI study group. The thrombolysis in myocardial infarction 
(TIMI) trial. Phase I findings. N Engl J Med 1985; 312: 932-6.



Ahmet Can Cakmak et al. Systemic immune–inflammatory index and no-reflow 

156 Advances in Interventional Cardiology 2024; 20, 2 (76)

21. Van’t Hof AW, Liem A, Suryapranata H, et al. Angiographic as-
sessment of myocardial reperfusion in patients treated with 
primary angioplasty for acute myocardial infarction: myocardial 
blush grade. Zwolle myocardial infarction study group. Circula-
tion 1998; 97: 2302-6.

22. Henriques JP, Zijlstra F, Van’t Hof AW, et al. Angiographic assess-
ment of reperfusion in acute myocardial infarction by myocardi-
al blush grade. Circulation 2003; 107: 2115-9.

23. Niccoli G, Burzotta F, Galiuto L, Crea F. Myocardial no-reflow in 
humans. J Am Coll Cardiol 2009; 54: 281-92.

24. Zhang Q, Hu M, Sun J, Ma S. The combination of neutro-
phil-to-lymphocyte ratio and platelet correlation parameters in 
predicting the no-reflow phenomenon after primary percutane-
ous coronary intervention in patients with ST-segment elevation 
myocardial infarction. Scand Cardiovasc J 2020; 54: 352-7.

25. Gürbak İ, Panç C, Şahin AA, et al. CHA2DS2- VASc score as a pre-
dictor of no-reflow phenomenon after saphenous vein graft 
percutaneous coronary intervention in patients with non-ST-
segment elevation acute coronary syndromes. Cardiol Pol 2020; 
78: 1129-36.

26. Hashemi-Jazi M, Hosseini SM, Gholamrezaei A. Factors associ-
ated with the no-reflow phenomenon following percutaneous 
intervention of saphenous vein coronary bypass grafts. ARYA 
Atheroscler 2017; 13: 221-9.

27. Ozen Y, Bilal Ozbay M. Assessment of systemic immune-inflam-
mation index as an independent surrogate biomarker of no-re-
flow phenomenon in acute coronary syndrome patients with 
coronary artery bypass grafting undergoing percutaneous cor-
onary intervention of saphenous vein graft. Eur Rev Med Phar-
macol Sci 2023; 27: 2394-403.

28. Shoaib A, Kinnaird T, Curzen N, et al. Outcomes following per-
cutaneous coronary intervention in saphenous vein grafts with 
and without embolic protection devices. JACC: Cardiovasc Interv 
2019; 12: 2286-95.

29. Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021 ACC/AHA/
SCAI Guideline for Coronary Artery Revascularization: A Report 
of the American College of Cardiology/American Heart Associa-
tion Joint Committee on Clinical Practice Guidelines. J Am Coll 
Cardiol 2022; 79: e21-129.

30. Eeckhout E, Kern MJ. The coronary no-reflow phenomenon: 
a  review of mechanisms and therapies. Eur Heart J 2001; 22: 
729-39.

31. Siminiak T, Flores NA, Sheridan DJ. Neutrophil interactions with 
endothelium and platelets: possible role in the development of 
cardiovascular injury. Eur Heart J 1995; 16: 160-70.

32. Peerschke EI, Yin W, Ghebrehiwet B. Complement activation on 
platelets: implications for vascular inflammation and thrombo-
sis. Mol Immunol 2010; 47: 2170-5.

33. Srikanth S, Ambrose JA. Pathophysiology of coronary thrombus 
formation and adverse consequences of thrombus during PCI. 
Curr Cardiol Rev 2012; 8: 168-76.

34. Horne BD, Anderson JL, John JM, et al. Which white blood cell 
subtypes predict increased cardiovascular risk? J Am Coll Cardiol 
2005; 45: 1638-43.

35. Onsrud M. Influence of in vivo hydrocortisone on some human 
blood leucocyte sub-populations II. Effects on T cell-monocyte 
cooperation. Acta Pathol Microbiol Scand 1981; 89: 321-7.

36. Le Tulzo Y, Pangault C, Gacouin A, et al. Early circulating lympho-
cyte apoptosis in human septic shock is associated with poor 
outcome. Shock 2002; 18: 487-94.

37. Sen N, Afsar B, Ozcan F, et al. The neutrophil to lymphocyte ratio 
was associated with impaired myocardial perfusion and long 
term adverse outcome in patients with ST-elevated myocardial 
infarction undergoing primary coronary intervention. Athero-
sclerosis 2013; 228: 203-10.

38. Toprak C, Tabakci MM, Simsek Z, et al. Platelet/lymphocyte ratio 
was associated with impaired myocardial perfusion and both 
in-hospital and long-term adverse outcome in patients with 
ST-segment elevation acute myocardial infarction undergoing 
primary coronary intervention. Adv Interv Cardiol 2015; 11: 288-
97.

39. Kocas C, Abaci O, Arslan S, et al. The association of neutrophil to 
lymphocyte ratio and TIMI frame count in primary percutaneous 
coronary intervention. Minerva Cardioangiol 2019; 67: 471-4.

40. Vakili H, Shirazi M, Charkhkar M, et al. Correlation of platelet- 
to-lymphocyte ratio and neutrophil-to-lymphocyte ratio with 
thrombolysis in myocardial infarction frame count in ST-seg-
ment elevation myocardial infarction. Eur J Clin Invest 2017; 47: 
322-7.

41. Zhao B, Li J, Luo X, et al. The role of von Willebrand factor and 
ADAMTS13 in the no-reflow phenomenon: after primary percu-
taneous coronary intervention. Tex Heart Inst J 2011; 38: 516-
22.

42. Huang J, Zhang Q, Wang R, et al. Systemic immune inflammatory 
index predicts clinical outcomes for elderly patients with acute 
myocardial infarction receiving percutaneous coronary interven-
tion. Med Sci Monit 2019; 25: 9690-701.

43. Gur DO, Efe MM, Alpsoy S, et al. Systemic immune-inflammatory 
index as a determinant of atherosclerotic burden and high-risk 
patients with acute coronary syndromes. Arq Bras Cardiol 2022; 
119: 382-90.


