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Abstract  

Background:  The best treatment of ST-segment elevation  

myocardial infarction (STEMI) is reperfusion of ischemic  
myocardium as soon as possible. Primary percutaneous coro-
nary intervention (PPCI) has become the preferred strategy  

for reperfusion and the current standard care for STEMI. No-
reflow is clinically important as it is associated with cardiac  

failure, malignant arrhythmias and in-hospital and long-term  

mortality. Cystatin C is a potent inhibitor of lysosomal pro-
teinases and found in virtually all tissues and body fluids.  

Aim of Study:  To assess the relationship between the level  

of Cystatin C and the occurrence of no-reflow during primary  

PCI in the setting of STEMI.  

Patients and Methods:  This study was carried out at the  
Cardiology Department Ain Shams University. This prospective  
clinical trial study was conducted on 68 patients with acute  
STEMI who were undergoing PPCI who were subdivided into  

2 groups: Group 1: Patients with TIMI III flow. Group 2:  
Patients with no reflow. Serum cystatin c level was assessed  
in the group with TIMI III flow VS No reflow group from  
May 2022 till October 2022.  

Results:  There was statistically significant difference  

between reflow and no reflow regarding cystatin c level found  

higher in no reflow cases than reflow cases.  

Conclusion:  In conclusion, data of this study suggest that  
Cystatin C is a useful marker for prediction of no-reflow after  

PCI in STEMI as it can help in screening of STEMI patients  

with high risk of development of no-reflow on admission and  
help to choose the best treatment.  

Key Words:  Cystatin C – No reflow – ST elevation myocardial  

infarction.  

Introduction  

ACUTE  myocardial infarction (AMI) is defined  
as myocardial necrosis in a clinical setting consist- 
ent with myocardial ischemia. These conditions  
can be satisfied by a rise of cardiac markers (pref- 
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erably cardiac troponin [cTn]) above the 99 th  

percentile of the upper reference limit (URL) plus  

at least one of the following: Symptoms of  
ischemia, ECG changes indicative of new ischemia  
(significant ST/T changes or left bundle branch  
block), development of pathologic Q waves, imag-
ing evidence of new loss of myocardium or new  
regional wall motion abnormality, and Angiography  
or autopsy evidence of intracoronary thrombus [1] .  

AMI can be classified into 5 types based on  
etiology and circumstances: Type 1: Spontaneous  
MI caused by ischemia due to a primary coronary  
event (e.g., plaque rupture, erosion, or fissuring;  

coronary dissection), Type 2: Ischemia due to  

increased oxygen demand (e.g., hypertension), or  

decreased supply (eg, coronary artery spasm or  

embolism, arrhythmia, hypotension), Type 3: Re-
lated to sudden unexpected cardiac death and Types  

4 and 5 MIs are related to coronary revasculariza-
tion procedures like Percutaneous Coronary Inter-
vention (PCI) or Coronary artery Bypass Grafting  

(CABG) respectively [2] .  

The most serious form of the acute coronary  

syndrome, ST segment elevation myocardial inf-
arction, or STEMI, most often occurs from occlu-
sion of one or more of the coronary arteries that  

supply the heart with blood. The cause of this  
abrupt disruption of blood flow is usually plaque  
rupture, erosion, fissuring or dissection of coronary  

arteries that results in an obstructing thrombus.  

The major risk factors for ST-elevation myocardial  

infarction are dyslipidemia, diabetes mellitus,  
hypertension, smoking, and family history of cor-
onary artery disease [3] .  

STEMI is a life-threatening, time-sensitive  
emergency. Early accurate diagnosis and prompt  
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treatment to restore coronary perfusion, usually  

by percutaneous coronary intervention (PCI), are  

critical to effective management. Primary percuta-
neous coronary intervention (PPCI) is the gold  

standard of treatment of ST segment elevation  

myocardial infarction (STEMI). PPCI restores  

thrombolysis in myocardial infarction flow 3 (TIMI  
3) in over 90% of patients [4] .  

Despite re-establishing epicardial coronary  

vessel patency, primary PCI may fail to restore  

optimal myocardial reperfusion within the myocar-
dial tissue, a failure at the microvascular level  
known as no-reflow (NR). NR has been reported  
to occur in up to 60% of STEMI patients with  

optimal coronary vessel reperfusion. When it does  

occur, it significantly attenuates the beneficial  

effect of reperfusion therapy, leading to poor out-
comes [5] .  

No reflow is regarded as independent predictor  

of death or recurrent myocardial infarction. No  

reflow is a multi-factorial phenomenon. However,  

micro embolization of atherothrombotic debris  
during PCI remains the principal mechanism re-
sponsible for microvascular obstruction [6] .  

Cystatin-C (Cys-C) is a cysteine protease in-
hibitor produced by almost all human cells. It is  
excreted into the bloodstream, filtered in the renal  

glomerulus, and metabolized by the proximal tubule  
[7].  

In recent years, cystatin C has emerged as a  
more reliable biomarker of renal dysfunction than  

serum creatinine, in particular for the detection of  

small reductions in glomerular filtration rate (GFR)  
[8].  

Apart from its established role in evaluating  
renal function, cystatin C has also proven to be a  
powerful predictor of mortality and adverse cardi-
ovascular events in postmenopausal women with  

angiographically documented coronary artery dis-
ease, in patients with heart failure and in patients  

with non-ST elevation acute coronary syndrome,  

and in stable CAD patients with preserved eGFR  

after elective PCI [9] . Furthermore, elevated sys-
temic cystatin C levels have been reported to predict  

a poor prognosis in patients with STEMI treated  
by PPCI [10] .  

Aim of the work:  

The aim of the present study is to assess the  

relationship between the level of Cystatin C and  

the occurrence of no-reflow during primary PCI  

in the setting of STEMI.  

Patients and Methods  

This study was carried out at the Cardiology  

Department Ain Shams University. This prospective  

clinical trial study was conducted on 68 patients  
with acute STEMI who were undergoing PPCI  

who were subdivided into 2 groups: Group 1:  
patients with TIMI III flow. Group 2: Patients with  

no reflow. Serum cystatin c level was assessed in  
the group with TIMI III flow VS No reflow group  
from May 2022 till October 2022.  

The inclusion criteria were:  Patients with their  
first STEMI within 12 hours of symptom onset  
who underwent PPCI, ST segment elevation (meas-
ured at the J. point) was considered suggestive of  

ongoing coronary artery acute occlusion in the  
following cases: 2 contagious leads with ST-
segment elevation 2.5mm n men <40 years,  
2mm in men 40 years, or 15mm in women  
in leads V2-V3 and –or 1mm in the other leads.  
In patients with inferior myocardial infarction, it  

was recommended to record right precordial leads  
(V3R and V4R) seeking ST-segment elevation, to  

identify concomitant right ventricular (RV) infarc-
tion. Likewise, ST-segment elevation in leads V7- 
V9 should be considered as a means to identify  

posterior myocardial infarction [11] .  

While the exclusion criteria:  Age 80 years,  
Cardiogenic shock, Previous MI or coronary bypass  
surgery, Rescue PCI after thrombolytic therapy,  

Contraindication to the use of adenosine, Significant  

left main coronary artery disease, Chronic liver  

disease and chronic inflammatory disease, Patients  

on dialysis therapy and those with end-stage renal  

disease (creatinine clearance <15ml/min), Malig-
nant life-threatening diseases and Inability to pro-
vide informed consent.  

Intervention studies:  
Primary PCI:  All patients received loading oral  

dose of aspirin (300mg) and clopidogrel (600mg)  

on admission. All PPCI procedures were performed  
through the radial OR femoral approach with a 6  
French guiding catheter. An intravenous bolus of  

weight-adjusted unfractionated heparin was admin-
istered. Use of either intracoronary or systemic  

bolus of tirofiban followed by a 12-24h continuous  
infusion was left at the operator’s discretion, su-
pervisors experts will do the percutaneous coronary  
intervention [9] .  

Following-up patient hemodynamics and tran- 
sthoracic Echo have been done in CCU after PCI.  

Post-PCI medication:  Consists of double anti- 
platelet therapy with aspirin 100mg/day for lifelong  



no reflow groups regarding presence of DM which  
was found higher in no reflow cases than reflow  
cases while there was no statistically significant  
difference between both groups regarding presence  
of HTN and smoking. Table (6).  

The previous table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding BMI which was found  
higher in no reflow cases than reflow cases. Table  

(7).  

The previous table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding SBP and DBP which  
were found lower in no reflow cases than reflow  

cases while there was no statistically significant  
difference between both groups regarding HR.  

Table (8).  

Table (1): Demographic data of the studied patients.  

Personal history  Total No.=68  

Age (years):  
Mean ± SD  55.57±8.44  
Range  37-74  

Gender:  
Female  16 (23.5%)  
Male  52 (76.5%)  

Major risk factors:  
HTN:  

No  27 (39.7%)  
Yes  41 (60.3%)  

DM:  
No  27 (39.7%)  
Yes  41 (60.3%)  

Smoking:  
No  18 (26.5%)  
Yes  50 (73.5%)  

Table (2): Anthropometric measurements and vital signs of  
studied patients.  

Anthropometric measurements Total No.=68  

BMI :  
Mean ± SD  
Range  

Vital signs:  
HR:  

Mean ± SD  
Range  

SBP:  
Mean ± SD  
Range  

DBP:  
Mean ± SD  
Range  

29.25±3.00  
23.7-37.8  

87.88±14.11  
58-118  

132.46±18.88  
90-170  

80.46±10.96  
60-110  
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and clopidogrel 75mg/day for at least 12 months;  

beta-blockers, angiotensin-converting enzyme in-
hibitors, and statins were also given [9] .  

Angiographic assessment of microvascular  
perfusion:  Coronary flow was graded using stand-
ard thrombolysis in myocardial infarction (TIMI)  

criteria. Myocardial blush grade (MBG), based on  
the visual assessment of contrast opacification of  

the myocardium supplied by the IRA, was evaluated  

according to, Angiographic no-reflow was defined  

as a coronary TIMI flow grade 2 after vessel  

reopening or TIMI flow 3 together with a final  
MBG 2.  

Laboratory assays:  The venous blood samples  
were drawn from patients of both groups after  

performing PCI. The amount of blood needed for  
the research is 1.5 c.c, Blood samples were collected  

using standardized sterile tubes and centrifuged at  

3000 rpm for 5min at 4°C, and the serum and  

plasma was immediately frozen and stored at –80°C  
until being assayed, Serum cystatin C concentration  

was measured by high sensitive latex particle-
enhanced immunoturbidimetric assay with an au-
tomatic biochemical analyzer (Hitachi 7600; Tokyo,  

Japan), which was also used for the measurement  

of high-sensitivity C-reactive protein (hsCRP) and  

Other blood tests including lipids, troponin I, and  
creatinine, etc. were assayed using routine labora-
tory methods [12] .  

Statistical analysis:  
Quantitative data will be presented as mean  

and standard deviation. Comparing means of the  

groups (with and without burnout) will be done  
using two independent samples t-test. Categorical  
data will be presented as counts and appropriate  

proportions and comparison between the two groups  

will be done using chi-squared test. A p-value of  
0.05 or less is considered statistically significant  

to assess the relationship between the level of  

Cystatin C and the occurrence of no-reflow during  

primary PCI in the setting of STEMI.  

Results  

The Pervious table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding mean age which was  
found higher in no reflow cases than reflow cases.  

While there was no statistically significant  
difference between both groups regarding gender  
of the studied patients. Table (5).  

The Pervious table shows that there was statis- 
tically significant difference between reflow and  
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Table (3): Echocardiography, ECG, Cardiac catheterization  

of studied patients.  

Echocardiography  Total No.=68  

LVEF :  
Mean ± SD  52.93±8.99  
Range  35-66  

ECG:  
Infarct location:  

Anterior STEMI  36 (52.9%)  
Inferior STEMI  30 (44.1 %)  
Lateral STEMI  2 (2.9%)  

Cardiac catheterization:  

Lesion location:  
RCA  22 (32.4%)  
LAD  36 (52.9%)  
LCX  10 (14.7%)  

Post-intervention TIMI flow grade:  
0  3 (4.4%)  
I  12 (17.6%)  
II  19 (27.9%)  
III  34 (50.0%)  

Reflow vs no reflow:  

Reflow  34 (50.0%)  
No reflow  34 (50.0%)  

Table (6): Comparison between reflow and no reflow regarding  

major risk factors (HTN, DM and smoking) of the  
studied patients.  

Major risk  
factors  

Post-intervention TIMI  
flow grade  

Test  
value  

p- 
value  

Sig.  
Reflow  No reflow  

No.=34  No.=34  

HTN :  
No  17 (50.0%)  10 (29.4%)  3.010*  0.083  NS  
Yes  17 (50.0%)  24 (70.6%)  

DN:  
No  20 (58.8%)  7 (20.6%)  10.381*  0.001  HS  
Yes  14 (41.2%)  27 (79.4%)  

Smoking:  
No  9 (26.5%)  9 (26.5%)  0.000*  1.000  NS  
Yes  25 (73.5%)  25 (73.5%)  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
•: Independent t-test.  

Table (7): Comparison between reflow and no reflow groups  

regarding BMI of the studied patients.  

Post-intervention TIMI  
flow grade  

     

Test  
value  

p- 
value  

 

Table (4): Total Ischemic time (hours) and Cystatin C among  
all studied patients.  

 

Reflow  

 

No reflow  
Sig.  

 

No.=34  

 

No.=34  

   

        

Total No.=68  

Total ischemic time (hours) :  
Median (IQR)  5 (3-7)  
Range  1-12  

Cystatin:  
Median (IQR)  4.1 (2.5-10.13)  
Range  0.8-21  

Table (5): Comparison between reflow and no reflow regarding  

personal history (age and gender) of the studied  
patients.  

Post-intervention TIMI  
flow grade  

Personal  
history  Reflow  No reflow  

Test  
value  

p- 
value  

Sig.  

No.=34  No.=34  

Age (years) :  
Mean ± SD  53.09±8.33  58.06±7.90  –2.524•  0.014  S  
Range  37-74  39-72  

Gender:  

Female  8 (23.5%)  8 (23.5%)  0.000*  1.000  NS  
Male  26 (76.5%)  26 (76.5%)  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
*: Chi-square test.  
•: Independent t-test.  

BMI :  
Mean ± SD 

 

28.41±2.79 
 

30.33±2.97  –2.553• 
 

0.013 
 

S  
Range 23.7-33.5 24.2-37.8  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
•: Independent t-test.  

Table (8): Comparison between reflow and no reflow groups  

regarding Vital signs (HR, shocked on nor-
adrenaline infusion, SBP and DBP) of the studied  

patients.  

Post-intervention TIMI  
flow grade  

Vital  
signs  Reflow  No reflow  

Test  
value  

p- 
value  

Sig.  

No.=34  No.=34  

HR :  
Mean ± SD  88.97±15.02  86.79±13.27  0.633•  0.529  NS  
Range  58-118  65-118  

SBP:  
Mean ± SD  144.55±15.23  120.00±13.44  6.882•  0.000  HS  
Range  120-170  90-150  

DBP:  
Mean ± SD  87.58±9.02  73.13±7.38  7.055•  0.000  HS  
Range  70-110  60-90  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
*: Chi-square test.  
•: Independent t-test.  



0 20 40 60 80 100  

S
en

si
ti

vi
ty

 

100  

40  

60  

20  

80  

0  

Hossam El-Din E.M. Farrag, et al. 901  

The previous table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding LVEF which was found  
Lower in no reflow cases than reflow cases while  

there was no statistically significant difference  

between both groups regarding Infarct location  
and Lesion location. Table (9).  

Table (9): Comparison between reflow and no reflow groups  

regarding Echocardiography, ECG and Cardiac  
Catheterization (LVEF, Infarct location, Lesion  
location) of the studied patients.  

Post-intervention TIMI  
flow grade  

Echocardiography  
Reflow  No reflow  

Test p-
Sig.  

value value  

No.=34  No.=34  

LVEF :  
Mean ± SD  60.26±4.86  45.59±5.44  11.735•  0.000 HS  
Range  49-66  35-56  

ECG:  
Infarct location:  

Anterior STEMI  19 (55.9%)  17 (50.0%)  2.644*  0.267 NS  
Inferior STEMI  13 (38.2%)  17 (50.0%)  
LATERAL STEMI  2 (5.9%)  0 (0.0%)  

Cardiac  
catheterization:  
Lesion location:  

RCA  11 (32.4%)  11 (32.4%)  0.511*  0.774 NS  
LAD  19 (55.9%)  17 (50.0%)  
LCX  4 (11.8%)  6 (17.6%)  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
*: Chi-square test.  
•: Independent t-test.  

The previous table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding cystatin C level which  
was found higher in no reflow cases than reflow  
cases. Table (10).  

Cystatin C  

100-Specificity  

Fig. (1): ROC curve for cystatin C to detect no reflow.  

The following ROC curve shows that the best  

cut off point of cyctatin C to detect no reflow was  

>3.7 with sensitivity 100%, specificity 100% and  
area under curve of 100% Table (11).  

Table (11): ROC curve for cystatin C to detect no reflow.  

Cut off point  AUC Sensitivity 
 

Specificity  +PV –PV  

>3.7 1.000 100.00 100.00 100.0 
 

100.0  

The previous table shows that there was statis-
tically significant difference between reflow and  

no reflow groups regarding Total Ischemic time  
(hours) which was found longer in no reflow cases  

than reflow cases. Table (12).  

Table (12): Comparison between reflow and no reflow groups  

regarding cystatin c level of the studied patients.  

Post-intervention TIMI  
flow grade  

     

Test  
value  

  

Table (10): Comparison between reflow and no reflow groups  

regarding Total Ischemic time (hours) of the studied  
patients.  

Cystatin C  Reflow  

No.=34  

No reflow  
p- 

value  
Sig.  

 

No.=34  

   

        

        

Post-intervention TIMI Median (IQR) 
 

2.5 (2-3.1) 
 

10.13 (8-12)  –7.099 0.000 
 

HS  

flow grade Range 0.8-0.37 4.5-21  

Total ischemic  
time (hours)  

  

Test  
value  

     

Reflow  

No.=34  

No reflow  
p- 

value  
Sig.  p-value >0.05: Non significant.  

p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
: Mann-Whitney test.  

 

No.=34  

   

Median (IQR) 3 (2-4) 6.5 (6-7) –6.177 0.000 
 

HS  

Range 1-8 4-12  

p-value >0.05: Non significant.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  
: Mann-Whitney test.  

The previous table shows that there was a neg-
ative correlation for cytatin C with SBP, DBP and  
LVEF and also a positive correlation with total  
ischemic time (hours) while there was no statisti-
cally significant correlation with age, BMI and  
HR. Table (13).  
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Table (13): Correlation between Cystatin C and other studied  

parameters.  

Cystatin C  

r  p-value  

Age (years)  0.229  0.060  
BMI  0.165  0.213  
HR  –0.033 0.787  
SBP  –0.593**  0.000  
DBP  –0.571 * * 0.000  
LVEFF  –0.795**  0.000  

Total ischemic time (hours)  0.625**  0.000  

p-value >0.05: Non significant.  Spearman correlation coefficient.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  

The previous table shows that there was a pos-
itive correlation for cytatin C with the presence of  

DM and also a negative correlation with post  

intervention TIMI flow grade increasing from TIMI  

flow III to TIMI flow 0, while there was no statis-
tically significant correlation with gender, hyper-
tension, smoking, shock state, infarct location and  

lesion location. Table (14).  

The previous univariate logistic regression  
analysis shows that all the previous parameters  

were associated with post-intervention no reflow  

also the multivariate logistic regression analysis  

shows that LVEF <=52 the most associated factor  

with post-intervention no reflow. Table (15).  

Table (14): Relation between Cystatin C and other studied parameters.  

Cystatin C  
Test value  p-value  Sig.  

Median (IQR)  Range  

Gender:  

Female  4.1 (2.65-10.5)  0.8-19.5  –0.203•  0.839  NS  
Male  4.1 (2.5-9.73)  1.5-21  

HTN:  
No  3 (2.5-9.75)  1.5-18  –1.211•  0.226  NS  
Yes  7.5 (2.8-10.5)  0.8-12  

DM:  

No  3 (2.2-4.5)  1.5-18  –3.000•  0.003  HS  
Yes  8.2 (2.8-11.2)  0.8-21  

Smoking:  

No  4.1 (2.5-10.5)  0.8-19.5  –0.334•  0.738  NS  
Yes  4.1 (2.5-9.7)  1.5-21  

Shocked on levophed:  

No  3.7 (2.5-9.75)  0.8-21  –1.675•  0.094  NS  
Yes  12 (3.7-18)  3.7-18  

Infarct location:  
Anterior STEMI  3.6 (2.35-9.75)  1.5-18  3.599  0.165  NS  
Inferior STEMI  6.1 (2.5-10.5)  1.8-21  
Lateral STEMI  1.65 (0.8-2.5)  0.8-2.5  

Lesion location:  
RCA  4.1 (2.5-9)  1.8-17  0.610  0.737  NS  
LAD  3.6 (2.35-9.75)  1.5-18  
LCX  9.1 (2.5-12)  0.8-21  

Post-intervention TIMI flow grade:  

0  12 (9.5-18)  9.5-18  51.005  0.000  HS  
I  10.5 (8.85-13.25)  5-21  
II  9 (8-11.2)  4.5-19.5  
III  2.5 (2-3.1)  0.8-3.7  

p-value >0.05: Non significant.  •: Mann-Whitney test.  
p-value <0.05: Significant.  
p-value <0.01: Highly significant.  

: Kruskal-Wallis test.  



Univariate  
Multivariate  

(Backward: Wald)  

p-value  
Odds ratio  

(OR)  Lower  Upper  
p-value 

Odds ratio  
(OR) Lower Upper 

95% C.I. for OR  95% C.I. for OR  
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Table (15): Univariate and Multivariate logistic regression analysis for factors associated with Post-intervention no reflow.  

Age >60 years  0.011  4.579  1.427  14.691  – – – – 
DM  0.002  5.510  1.879  16.159  – – – – 
BMI >28.3  0.024  3.953  1.202  13.000  – – – – 
SBP <=130  0.000  19.333  4.807  77.751  – – – – 
DBP <=70  0.000  46.769  5.661  386.412  – – – – 
LVEF <=52  0.000  165.333  25.838  1057.944  0.000 118.833 18.338 770.048 

Total ischemic timme >4 hours  0.000  107.250  12.600  912.885  – – – – 

Discussion  

In patients with myocardial ischemia symptoms,  
STEMI is defined as the combination of persistent  

ST segment elevation and the release of biomarkers  

of myocardial necrosis [13] .  

PCI is the main reperfusion strategy for eligible  
patients with STEMI, but the no-reflow phenome-
non is an important cause of adverse PCI outcomes,  

ventricular remodeling, and poor cardiac function  
recovery after ischemia-reperfusion [14] . No reflow  
significantly increases hospitalization and mortality  
rates. To date, there is no clear evidence of the  

reversal of the no-reflow phenomenon, but early  

monitoring and screening for high risk patients  
before PCI could reduce the occurrence of the no-
reflow [15] .  

Cystatin C is the most important inhibitor of  

endogenous cysteine proteases and serves as a  

marker of renal function [16] . Epidemiological  
studies show that Cystatin C is associated with  

cardiovascular diseases, such as astherosclerosis,  
heart failure, ischemic stroke and acute coronary  
syndrome [17] . High Cystatin C level is indicated  
as a useful marker for identifying an elevated risk  
of cardiovascular diseases, and is independent of  
renal function determined by creatinine.  

The current study was performed on 68 patients  

with acute STEMI undergoing PPCI who were  

subdivided into 2 groups; group 1: Patients with  
TIMI III flow and group 2: Patients with no reflow  

to assess serum cystatin C level and its value in  
prediction of no reflow after PPCI.  

It revealed male predominance among the in-
cluded patients with STEMI who underwent PCI  
(76.5%). As regards history of chronic diseases,  
Almost 60% had history of HTN, and similar  
percentage had history of DM, while about three  

fourth of the subjects were smokers. Half of the  

included patients had post intervention TIMI flow  

grade III, followed by grade II (27.9%), grade I  
(17.6%), and less than 5% had grade 0. The com-
monest infarction location among the included  
subjects was anterior STEMI (52.4%), followed  

by inferior infarction (44.1 %), and lateral infarction  

(2.9%). Also, the commonest lesion location among  
the included subjects was LAD (52.4%), followed  
by RCA (32.4%), and LCX (14.7%).  

These results are in agreement with a recent  

study that was conducted on 656 patients diagnosed  

with STEMI and reperfused through PCI. The  

investigators reported that 36 patients developed  

no reflow. They also reported that anterior STEMI  

and left anterior descending artery were common  
among the included subjects (53.5%). Also male  

gender, DM and HTN were common predisposing  
factors for development of no-reflow with p-values  
<0.001 [18] .  

The current study found that older age patients  

were more susceptible to development of no reflow  

after PCI with p-value=0.014. Similarly, Yu et al.  
[19]  who conducted a study on 902 STEMI patients  

after PCI, revealed that patients who developed  

no reflow were older (mean age=59±11 years)  

compared to patients with TIMI III flow with near  
significant p-value=0.051 [19] . The previously  
mentioned study [18]  stated older age as one of the  
predisposing factors for development of no-reflow  

with p-value 0.029. A meta-analysis done by Fajar  
and colleagues found similar results with a p-value  
<0.001 [20] .  

Our study also revealed that patients who had  

DM were more susceptible to development of no  

reflow with p-value=0.001. In the meta-analysis  

mentioned above, Fajar et al. [20]  reported statisti-
cally significant increased history of having DM  

among patients with no reflow with p-value=0.001  
[19,20] . Also found higher incidence of no-reflow  
in hyperglycemia group than those with normal  
blood glucose level, among 121 STEMI patients  
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after PCI [19] . Hospitalized hyperglycemia was  
also found to increase the risk of stent restenosis  

during follow-up [21] . This can be explained as  
hyperglycemia can trigger endothelial dysfunction  

leading to vascular damage and microvascular  

obstruction, and is also known to increase oxidative  
stress, inflammation and platelet aggregation [22] .  
Endothelial dysfunction is also correlated with  
advancing age, hypertension and male gender [23] .  
Another explanation is that hyperglycemia aggra-
vate leukocyte blockage in microcirculation and  

hyperglycemia will increase the level of intercel-
lular adhesion molecule 1 or P-selectin, Also hy-
perglycemia may increase thrombosis and micro-
thrombosis in capillaries that play a key role in re  

flow after AMI [24] .  

In the current study, PCI STEMI patients with  
no reflow had statistically significant lower SBP  

and DBP during PCI in spite of many of them were  

known hypertensive. In agreement with Cheng et  
al. [25]  study that revealed statistically significant  

lower SBP among no reflow group with p-value=  
0.024 [25] .  

In the current study, patients with no reflow  

had statistically significant longer duration of  
ischemic time with p-value=0.000. This could be  
explained as delayed reperfusion (long duration  

from symptom to reperfusion) must have probably  

increased risk of no reflow. Gupta and Gupta  

reported that “the symptom onset to balloon time  

longer than 12h” was an essential factor for no  

reflow development [26] . The time interval between  
the diagnosis of STEMI and myocardial reperfusion  

should be as short as possible. Ideally, we should  
aim at less than 120 minutes and acceptably less  

than 12 hours from the onset of typical MI symp-
toms until reperfusion [27] . Patients’ prognosis  
remains closely related to the time elapsed from  

the onset of typical symptoms to PCI. Other studies  
reported correlation between no reflow and pro-
longed myocardial ischemia and subsequent exten-
sion of the necrosis area [28,29]  in an Egyptian  
study, reported that the main factor for a prolonged  

total ischemic time was the patient s delay [29] .  
The absence of general awareness regarding chest  

pain differentiation, delay in looking for medical  
advice, particularly in women and poverty were  
factors prompting the occurrence of patients delay,  

the same reasons were demonstrated by [30] . In  
contrary, [31]  found no statistically significant  
association between time interval from the onset  

of STEMI to PCI and occurrence of no-reflow in  

their study [31] . However, other several studies  
showed that a period less than 12 hours after the  

onset of MI still be associated with no-reflow  

especially in patients with multiple risk factors,  

such as diabetes, high blood pressure and chronic  
kidney disease [18] .  

The possible mechanism underlying this out-
come is microembolization, as has been disclosed  
that prolonged ischemia triggers distal capillary  

beds edema, myocardial cells, swelling, neutrophil  
plugging, alterations of capillary integrity and  

microvascular bed disruption [20] . This leads to  
the thrombus takes on more erythrocyte and be-
comes more rigid, which may lead to distal coro-
nary embolization [32] .  

In the current study, patients with no reflow  

had statistically significant lower LVEF with p-
value=0.000. In agreement with us, Pantea-Rosan  
and coworkers revealed statistically significant  
decreased LVEF among PCI patients with no reflow  

with p-value=0.009 [33,34]  in their study, considered  
that the occurrence of no-reflow in STEMI patients  

contributed to subsequent severe myocardial dys-
function and thus to increased mortality at 2 years  

[33] . Similarly, [20]  reported that low LVEF was  
proven to be associated with no reflow. Another  

study by [35]  that was performed on 189 patients  

who had no reflow after PCI of 781 patients and  
revealed that age >60 years, thrombus score 4  

and duration interval between symptom to balloon  

intervention >360min were independent predictors  

of no reflow [20] . Lower left ventricular EF (LVEF)  
of 11 studies [35]  was correlated with the possibility  
of the development of no-reflow, additionally, low  
EF of LV was correlated with poor prognosis [36] .  
In [29]  study, lower EF was found among no reflow  
group (45.67%) vs (47.57%) in reflow cases [29] .  

As regards our marker of importance; Cystatin  
C, our study revealed statistically significant ele-
vated serum Cystatin C in patients with no reflow  

group compared to reflow group with p-value 
=0.000. In agreement with us, a study by Cheng  

and colleagues conducted on 218 STEMI patients  
who underwent PCI and revealed statistically sig-
nificantly higher serum Cystatin C in no reflow  
group compared to reflow group (1.1±38 vs.  
89±.21) with p-value=0.001 [25] .  

Similarly, Tang et al. [9]  study which was con-
ducted on 108 patients with STEMI who underwent  
PCI to evaluate the association of baseline serum  

Cystatin C with myocardial perfusion after PCI-
revealed that elevated Cystatin C levels at admis-
sion were independently associated with impaired  

myocardial perfusion, poor cardiac functional  

recovery and development of CHF in patients with  
anterior STEMI underwent PCI [9] .  



Hossam El-Din E.M. Farrag, et al. 905  

One of the important results of our study is the  
determination of the best cut off point for serum  
Cystatin C for prediction of no reflow after PCI  

in STEMI patients, which was estimated to be  
more than 3.7 with sensitivity 100%, specificity  
100%, and AUC of 100%. Cheng et al., reported  
that Cystatin C at cutoff point >1.055 had 54%  
sensitivity, 83% specificity in predicting no-reflow  
(95% CI AUC 0.688 (0.557-0.780) [25] .  

The current study revealed statistically signif-
icant negative correlation between Cystatin C and  

post intervention TIMI flow grade with increasing  
from TIMI III to 0. This agrees with(36)study that  
was conducted on 127 patients who underwent  

coronary angiography after ACS and revealed  
statistically significant negative correlation between  
serum Cystatin C being higher among TIMI 0  
(1.52) than TIMI 3 (0.9) with p-value <0.001 [37] .  

It is worthnoting that Ichimoto and colleagues  
conducted a study on 71 patients with STEMI, also  
suggested that Cystatin C was associated with  
greater frequency of rehospitalization and acute  

heart failure episodes [38] . In AMI, the prognostic  
significance of Cystatin C may be attributable to  
multiple underlying mechanisms including, its  
suggested active role in physiological process of  
atherosclerosis plaque formation. Furthermore,  

being an endogenous cathepsin inhibitor, it main-
tains the balance between proteases and their dis-
ruption of this relationship, therefore accelerating  

atherosclerosis development [39] . In addition, ele-
vated Cystatin C value may lead to no-reflow  

phenomenon due to its correlation with impaired  
renal function and inflammation which are associ-
ated with oxidative stress, microvascular endothelial  

dysfunction, pro-coagulant cytokines and free  

radicals. Therefore, this biomarker is useful pre-
dictor for no reflow event in STEMI patients treated  
with PCI [25] .  

Also, our study revealed statistically significant  
negative correlation between Cystatin C and LVEF  
with p-value=0.000. Recently, Lou et al., presented  

Cystatin C levels at admission as a biomarker of  
cardiac function and they showed a negative rela-
tionship with EF with p-value <0.001 [41] .  

The current study found statistically significant  

association between Cystatin C and DM with p -
value=0.003. Such finding was similar to a study  

conducted by Mao and coworkers that involved  

422 patients with acute coronary syndrome to  
investigate the association of Cystatin C with  
metabolic syndrome and cardiovascular outcomes.  
It revealed statistically significant association  

between higher Cystatin C level and risk for DM  
with p-value 0.036. Similarly, Fu et al., reported  
statistically significant higher cytatin C level among  

ACS patients with DM with p-value <0.05 [42] .  

Conclusion:  
Cystatin C is a useful marker for prediction of  

no-reflow after PCI in STEMI as it can help in  
screening of STEMI patients with high risk of  

development of no-reflow on admission and help  
to choose the best treatment.  

Recommendations:  
Several studies with large sample size are need- 

ed for further evaluation of the role of Cystatin C  

in prediction and screening for no-reflow after  

PCI, The association and changes in Cystatin C  
overtime are needed to be studied and The prog-
nostic impact of Cystatin C in re-flow of STEMI  
remains to be examined in future studies.  
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18- PANTEA-ROŞAN L.R., BUNGAU S.G., RADU A.F.,  
PANTEA V.A., MOISI M.I., VESA C.M. and BUSTEA  
C.: A narrative review of the classical and modern diag- 

nostic methods of the no-reflow phenomenon. Diagnostics,  

12 (4): 932, 2022.  

19- YU Y., WU Y., WU X., WANG J. and WANG C.: Risk  
Factors for No-Reflow in Patients with ST-Elevation  
Myocardial Infarction Who Underwent Percutaneous  

Coronary Intervention: A Case-Control Study. Cardiology  

Research and Practice, 2022.  

20- FAJAR J.K., HERIANSYAH T. and ROHMAN M.S.:  
The predictors of no reflow phenomenon after percutane-
ous coronary intervention in patients with ST elevation  
myocardial infarction: A meta-analysis. Indian Heart  
Journal, 70: S406-S418, 2018.  

21- MONE P., GAMBARDELLA J., PANSINI A., DE DO-
NATO A., MARTINELLI G., BOCCALONE E. and  
SANTULLI G.: Cognitive impairment in frail hypertensive  
elderly patients: Role of hyperglycemia. Cells, 10 (8):  

2115, 2021.  

22- SANTULLI G.: Angiopoietin-like proteins: A comprehen-
sive look. Frontiers in Endocrinology, 5: 4, 2014.  

23- KOLLER M., MUHR A. and BRAUNEGG G.: Microalgae  

as versatile cellular factories for valued products. Algal  
Research, 6: 52-63, 2014.  

24- BOOTH L., AIVAZIAN V., DEMIRGUC-KUNT A. and  
MAKSIMOVIC V.: Capital structures in developing  
countries. The Journal of Finance, 56 (1): 87-130, 2001.  

25- CHENG L., ZHU J., ABRAHAM J., TRENBERTH K.E.,  
FASULLO J. T., ZHANG B. and SONG X.: 2018 contin-
ues record global ocean warming, 2019.  

26- GUPTA S. and GUPTA M.M.: No reflow phenomenon  
in percutaneous coronary interventions in ST-segment  

elevation myocardial infarction. Indian Heart Journal, 68  
(4): 539-551, 2016.  

27- VOGEL B., CLAESSEN B.E., ARNOLD S.V., CHAN D.,  
COHEN D.J., GIANNITSIS E. and MEHRAN R.: ST-
segment elevation myocardial infarction. Nature reviews  

Disease Primers, 5 (1): 39, 2019.  

28- JAFFÉ R., MCKNIGHT D., MAIE N., CORY R., MC-
DOWELL W. H. and CAMPBELL J.L.: Spatial and tem-
poral variations in DOM composition in ecosystems: The  

importance of long-term monitoring of optical properties.  
Journal of Geophysical Research: Biogeosciences, 113  
(G4): 1-15, 2008.  

29- ELRAYES M., ABDELRAHMAN Y. and ABDOU  
YOUSSEF M.M.: Predictors of No-Reflow Phenomenon  
after Percutaneous Coronary Intervention in ST-Segment  

Elevation Myocardial Infarction Patients. Zagazig Uni-
versity Medical Journal, 28.6: 1205-1213, 2022.  

30- AYAD S.W., HASSANEIN M.M., MOHAMED E.A. and  
GOHAR A.M.: Maternal and fetal outcomes in pregnant  
women with a prosthetic mechanical heart valve. Med.  
Insights Cardiol., Feb. 10, 10, 1-7, 2016.  

31- KELBÆK H., KLØVGAARD L., HELQVIST S., LAS-
SEN J.F., KRUSELL L.R., ENGSTRØM T. and  
THUESEN L.: Long-term outcome in patients treated  

with sirolimus-eluting stents in complex coronary artery  

lesions: 3-year results of the SCANDSTENT (Stenting  
Coronary Arteries in Non-Stress/Benestent Disease) trial.  

Journal of the American College of Cardiology, 51 (21):  
2011-2016, 2008.  



Hossam El-Din E.M. Farrag, et al. 907  

32- NAGATA Y., LAN K.H., ZHOU X., TAN M., ESTEVA  
F.J., SAHIN A.A. and YU D.: PTEN activation contributes  
to tumor inhibition by trastuzumab, and loss of PTEN  

predicts trastuzumab resistance in patients. Cancer Cell,  
6 (2): 117-127, 2004.  
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