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Abstract
Objective: The aim of this study was to estimate the predictive clinical value of CHA2DS2VASc score for no-reflow phenomena in patients having ST-segment elevation myocardial
infarction (STEMI) who applied to primary percutaneous coronary intervention (PCI).
Subjects and Methods: Three-hundred STEMI patients underwent primary PCI. They were
classified into: group (1) included 27 patients with no-reflow and group (2) included 273 patients
without no-reflow (control). CHA2DS2-VASc risk score was computed for each patient.
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Results: This study found statistically significant difference (p < 0.05) in multivariate analysis
of the association between CHA2DS2-VASc score and no-reflow phenomenon. The predictive
power of individual components in CHA2DS2-VASc score for no-reflow was statistically
significant difference (p < 0.05). So, significantly higher CHA2DS2-VASc score is connected with
higher risk of no-reflow and in-hospital mortality rate.
Conclusion: Significantly higher CHA2DS2-VASc score is associated with higher risk of
no- reflow phenomenon and in-hospital mortality rates in patients with STEMI who underwent
primary PCI.

Introduction
In patients with STEMI, the reason of primary PCI is
prompt return of typical blood stream within the infarctrelated artery [1]. Nevertheless, no-re low phenomenon could
be a major challenging drawback of this method. No-re low
is characterized as insuf icient myocardial perfusion in spite
of mechanical reviving of the offender injury with PCI. This
marvel is related to higher frequency of complications, and
brief- and long-term mortality in STEMI patients [2].
No-re low phenomenon happens in 0.6% to 5% of elective
PCIs, but a higher frequency has been detailed in patients who
experienced primary PCI [3]. A multifactorial and complex
pathophysiology has been proposed for component of this
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phenomenon [4]. Tragically, there’s no broadly acknowledged
hazard strati ication strategy for the forecast of this
complication [5].
The no-re low phenomenon happens since of
heterogeneous components counting distal embolization
of lotsam and jetsam relating to ulcerated atherosclerotic
plaques, microvascular harm, vasospasm, insuperable
of oxidative stretch, and reperfusion damage [6]. Thus, a
dependable hazard strati ication device is required, which
legitimately predicts the rate of no-re low with respect to its
multifactorial pathogenesis [7].
CHA2DS2-VASc score is considered a clinical indicator of
thromboembolic diseases and was suggested for anticoagulant
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treatment in patients with nonvalvular atrial ibrillation in
clinical rules [8]. The components of this score are common
hazard variables of atherosclerosis, microvascular injury as
well as no-re low and stroke. Moreover, utilize of this score is
exceptionally basic and makes it a speedy apparatus to predict
no-re low phenomenon, comparative to common chance
variables of the no-re low [5].

-

Informed consent: each participant has to perform
written consent

-

Full history taking: including family history, history
of hypertension, diabetes mellitus and smoking habit,
onset and duration of the disease.

-

General and local examination of the heart.

Aim of the work

-

12 leads ECG

The aim of this study was to evaluate CHA2DS2-VASc
score in predicting no-re low phenomenon and in-hospital
mortality in patients with STEMI who underwent primary PCI.

-

Routine laboratory tests including: complete blood
picture, liver functions, renal functions, serum calcium
and lipid pro ile.

Subjects and Methods

-

Conventional echocardiography was done for all
patients.

-

Coronary angiography & primary PCI were performed
for all patients.

Study design and population
This study was performed over a period of two years from
August 2017 to August 2019 and it was conducted in Cardiology
Department, Faculty of Medicine, Benha University, Egypt on
three-hundred (300) STEMI patients who underwent PCI.
They were classi ied into two main groups; group (1) included
27 patients with no-re low complication after PCI and group
(2) included 273 patients without no-re low used as control
group igure 1.
Inclusion criteria included patients with STEMI referred
for primary PCI after diagnostic coronary angiography.
Exclusion criteria included patients either with a delayed
diagnosis of STEMI or deferred arrival whose symptoms
persisted longer than 12h. Furthermore, subjects who
advanced non-signi icant stenosis in the culprit vessel or
whom their coronary anatomy was not eligible to perform PCI.
Patients with favorable criteria for coronary artery bypass
grafting (CABG), stenosis of the saphenous vein grafts (SVGs)
as culprit lesions, and coronary artery dissection were also
ruled out. The Ethics Committee of the hospital approved the
protocol and informed consent was obtained in every subject.
All participants included in this study were subjected to:

Diagnosis of STEMI
STEMI diagnosis was veri ied according to a history of a
typical chest pain accompanied with ST-segment elevation at
the J point of 1 mm or more in two contiguous leads at least
with the following cut points.
ST elevation ≥ 0.1 mV in all leads (except V2-V3). In leads,
V2 and V3 these cut off values apply: ≥ 0.2 mV for men ≥ 40
years, ≥ 0.25 mV in men under 40 years, ≥ 0.15 mV in women.
Furthermore, new left bundle branch block (LBBB) [10].
TIMI grading
The thrombolysis in myocardial infarction (TIMI) stream
was decided after primary PCI, comprised of four grades: TIMI-0
shows that there’s no forward coronary stream in angiography
post the location of stenosis or impediment, TIMI-1 depicts a
destitute distal antegrade stream driving to de icient illing
of the supply route, TIMI-2 illustrates a conceded moderate
frontward stream that ills the distal region totally, TIMI-3
delineates typical coronary stream [6].
CHA2DS2-VASc score
CHA2DS2-VASc risk score was computed for each patient
based on the de inition proposed by Lip, et al. [8]. This risk
assessment tool is a grouped subtending eight components
with speci ied scores. The acronym represents as heart failure
(C), hypertension (H), age ≥ 75 years (A2), diabetes mellitus
(D), stroke (S2), vascular disease (V), age 65 to 74 years (A),
and female gender (as a sex category). Quanti ied values
pertaining to stroke and Age over 75 are determined with two
points while 1 point was assigned to each of the remaining
variables [8]. The cutoff value of CHA2DS2-VASc risk score ≥ 2
was believed as a predictor of no- re low with a sensitivity of
66% and a speci icity of 59%.

Figure 1: AUC (Area under the curve) of CHA2DS2-VASc score = 2 in
predicting no-reflow.
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Myocardial blush grades
Myocardial blush grades (MBG) were quanti ied based on
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the previous classi ications. Absence of myocardial blush or
contrast density means Grade 0. Grade 1 refers to least contrast
density. Grade 2 is known as a remark of moderate myocardial
blush but less than that reported during an angiography of an
ipsilateral or contralateral non-infarct-related coronary artery,
and Grade 3 shows “normal myocardial blush or contrast density
in compare with that obtained throughout an angiography of an
ipsilateral non-infarct-related or contralateral coronary artery”
[11]. We revised angiography sine ilms to evaluate no-re low/
slow low occurrence using a combination of TIMI low and
MBG. Occurrence of TIMI low < 3 with any MBG grade or
TIMI low 3 attended with MBG 0 or 1 were considered as
suboptimal reperfusion while successful reperfusion was
de ined as TIMI low 3 with MBG 2 or 3.

Statistical analysis
Persistent factors were communicated as cruel ± standard
deviation whereas categorical factors were appeared by rates.
Two-tailed Student’s t-test and Mann–Whitney U test were
enlisted to compare ceaseless factors with and without typical
dispersion, individually. Chi-square test was utilized to appear
the distinction of categorical factors. We have moreover
illustrated separated and complex interaction-mediated
impacts of indicators of no-re low marvel. In this manner,
univariate and multivariate relapse examinations were
performed to assess unadjusted and balanced af iliation of
potential chance components extraordinarily CHA2DS2-VASc
and imperfect coronary stream. We decided the prescient
utility of the CHA2DS2-VASc score for ensuing results counting
no-re low and in-hospital mortality utilizing collector working
characteristic bends. Measurable importance was af irmed
with a p - value < 0.05. All investigations were conducted
utilizing SPSS form 22 (SPSS Inc., Chicago, IL, USA).

Results
The study was based on comparison between patients of
group (1), 27 patients with no-re low phenomenon and group
(2) that includes 273 patients without no-re low complications
in STEMI patients who undergone primary PCI (Table 1).
Assessment of cardiovascular risk factors, clinical, laboratory
& echocardiographic Characteristics of the patients:
Hypertension, diabetes mellitus, anemia, Body Mass Index
(BMI), serum creatinine, left ventricular ejection fraction
(LVEF), systolic blood pressure (SBP), diastolic blood pressure
(DBP), calcium scoring, anterior MI, vascular disease and inhospital mortality showed a statistically signi icant difference
(p < 0.05) between the two groups as presented in table 2.

components revealed that they were statistically signi icant
in comparison between patients with no-re low group and
patients without no-re low. In multivariate analysis (Table
3), there is statistically signi icant difference (p < 0.05)
between the two groups as regard CHA2DS2-VASc score,
BMI, hypertension, systolic ,diastolic blood pressure, and
initial TIMI low rate ≥ 1. In univariate analysis; there is
statistically signi icant difference (p < 0.05) between the two
groups as regard congestive heart failure, hypertension, old
age, diabetes mellitus, transient ischemic attacks or stroke,
vascular diseases and female gender as shown in tables 4,5.

Discussion
Primary PCI is the preferred revascularization method
in most patients with a diagnosis of acute STEMI, but acute
Table 1: Age and sex distribution of the studied groups.
Variable
Age (years):

Sex:

•
•

Range
Mean ± SD

•
•

Males
Females

Evaluation of CHA2DS2-VASc score
Analysis of CHA2DS2-VASc score and its different
Published: October 28, 2019

Group (2)
(N = 273)

59 – 84
68.7 ± 14.2

52 – 69
59.8 ± 13.9

Test of significance
t - test

p - value

3.92

0.011*

N

%

N

%

χ2 - Wtest

p - value

9
18

33.3
66.7

150
123

54.9
45.1

-3.216
4.109

0.0092*
0.0021*

p < 0.05 = non-significant.
Table 2: Risk factors, clinical, laboratory & echocardiographic Characteristics of the patients.
Risk factors

Group (1)
(N = 27)

Group (2)
(N = 273)
N

Statistical test of
significance

N

%

χ2 - test

p - value

Hypertension

27

100

253 92.7

2.544

0.029*

Diabetes mellitus

27

100

267 97.8

1.846

0.043*

Dyslipidemia

27

100

270 98.9

2.629

0.171

Anemia

20

47.1

105 38.5

3.012

0.006*

Smoking

21

77.8

210 76

3.695

0.182

Family history

16

59.3

164 60.7

0.098

0.182

BMI (Kg/m2):
• < 20
• > 20

8
19

29.6
70.4

98
175

35.9
64.1

-2.973
3.111

0.037*
0.013*

%

Vascular disease

7

25.2

37

13.7

3.112

0.001*

MI type, anterior

16

59.2

121

44.3

3.112

0.001*

In- hospital mortality

3

11.1

7

2.56

6.991

0.001*

2
25

7.407
92.59

86
187

31.41
68.49

-8.466
6.557

0.000*
0.001*
p - value

Calcium:

•
•

0–1
2–3

Mean ± SD

Mean ± SD

t- t est

Creatinine

1.08 ± 0.62

0.94 ± 0.52

3.969

0.018*

LV Ejection fraction (%)

37.8 ± 10.9

42.7 ± 9.98

9.25

0.000*

Systolic blood pressure

149.5 ± 22.8

136.8 ± 21.9

1.925

0.041*

Diastolic blood pressure

85.6 ± 16.8

76.3 ± 15.7

1.728

0.044*

*p < 0.05 is a statistically significant value. BMI: body mass index.
Table 3: Characteristics of PCI.
Test of significance

Group (1)
(N = 27)

Group (2)
(N = 273)

t - test

Stent length (mm)

28.1 ± 6.8

24.2 ± 7.5

2.62

0.017*

Stent diameter (mm)

2.79 ± 0.52

3.12 ± 0.49

2.56

0.018*

Variable

PCI characteristics
Higher Stent length & lower stent diameter were associated
with no-re low phenomenon (p < 0.05) as found in table 3.

Group (1)
(N = 27)

Location:

•
•
•

Distal
Ostial
Proximal

p - value

N

%

N

%

U-test

p - value

16
3
8

59.3
11.1
29.6

136
28
109

49.8
10.3
39.9

1.652

0.062

* p < 0.05 is a statistically significant value. U: Mann-Whitney U - test.
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reduction in myocardial blood low after this procedure
despite a patent epicardial coronary artery, the so-called
“no-re low phenomenon”, leads to adverse outcomes in these
patients [2]. Some studies suggest deferring stent strategy to
reduce no-re low after PCI [12].
Results of this study con irmed the clinical implication of
CHA2DS2-VASc score that playing an extra role in prediction
of contrary outcomes following primary PCI in STEMI patients.
The use of risk score can discriminate STEMI patients at higher
risk of no-re low after PCI.
This study found that increased CHA2DS2-VASc score is
an independent predictor of mortality rather than a surrogate
measure only. This was in agreement with other studies [6-8].
There are multiple risk strati ication models for assessment
of prognosis after acute coronary syndrome. However, some
models are complex or contain variables, which are not
available at presentation data. Due to time restrictions that
is determined for observation of STEMI revascularization,
practical aids of a simple accustomed risk score such as
CHA2DS2-VASc becomes more prominent [13].
This study revealed a dual prognostic utility of CHA2DS2VASc for both suboptimal reperfusion and short-term
mortality. This coincides with many studies who found a useful
surrogate measure of in-hospital mortality independent of nore low [5,12,14-18].
Failure of reperfusion or no-re low often connects with
extended myocardial necrosis and also poor clinical outcome
irrespective of infarct size [19,20].
Ndrepepa G, et al. [19], have reported that no-re low
elevated one-year attuned risk of death after primary PCI
by 3-folds so, early identi ication of patients with STEMI
Table 4: Multivariate regression analysis of the association between CHA2DS2VASc score and no-reflow phenomenon.
Predictor

OR

95% CI

p - value

CHA2DS2-VASc score

2.06

1.91 – 4.62

0.000*

BMI

1.07

1.02 – 1.32

0.034*

Hypertension

2.28

2.14 – 4.65

0.009*
0.004*

SBP

0.59

0.48 – 1.09

DBP

0.62

0.49 – 1.12

0.003*

Initial TIMI flow rate ≥1

0.48

0.38 – 0.62

0.001*

OR: Odds Ratio: CI: Confidence Interval, p < 0.05 = significant, SBP: Systolic Blood
Pressure, BMI: Body Mass Index, DBP: Diastolic Blood Pressure, TIMI: Thrombolysis
In Myocardial Infarction.
Table 5: Univariate regression analysis of predictive power of individual components
in CHA2DS2-VASc score for no-reflow.
Variable

OR

95% CI

Congestive heart failure

21.2

8.11 – 63.5

p - value
0.000*

Hypertension

4.95

3.55 – 9.85

0.001*

Age >75 years

2.12

1.02 – 3.97

0.007*

Diabetes mellitus

4.68

3.17 – 9.25

0.000*

Transient ischemic attack, stroke

4.09

2.04 – 14.7

0.016*

Vascular disease

7.59

5.01 – 14.2

0.001*

Gender (females)

3.21

1.67 – 4.18

0.002*

Published: October 28, 2019

vulnerable to no-re low is important to prevent or minimize
the risk of ineffective reperfusion.
Diabetes mellitus, as a constituent of CHA2DS2-VASc
score, impairs normal endothelial function and perpetuates
ischemic reperfusion injury [3,21]. In contrast to these
indings Iwakura, et al. [22] did not ind diabetes mellitus as
a predictor despite demonstrating an association between
hyperglycemia and no-re low.
Many of the risk factors such as hypertension, diabetes
mellitus and female gender that were discussed previously are
associated with no-re low [23]. There was also an association
between abnormal vascular function and stroke in this study
which was indicated by Kim, et at. [24], although, opposing
these results, Mirbolouk, et al. [5] cohort found that there
was no signi icant relationship between no-re low and female
gender and stroke.
This study found that high blood pressure, female gender,
acute and chronic kidney injury, high levels of in lammatory
biomarkers, involvement of LAD territory, and complex
atherosclerotic plaques containing high thrombus burden were
of great signi icance which coincided with Ashoori, et al. [6].
This study also revealed that lower systolic blood
pressure was correlated with increased risk of no-re low
independently. It might be related to reduction of coronary
arterial perfusion pressure due to decreased blood pressure;
this was similar to the results of Mirbolouk, et al. [5]. Moreover,
swelled myocardial cells concomitant with interstitial edema
might lead to microvascular compression. This mechanism
and oxidative stress of ischemic endothelial cells along with
vasoconstriction can reduce perfusion of microvasculator and
lead to no-re low [5].
Applying prophylactic intracoronary dilators, primary
stenting, short stents with adjusted lower pressure, thrombus
aspiration in particular cases, and occasionally distal
protection devices may be bene icial [25-27].
In this regard, CHA2DS2-VASc model affords a simple, time
saving tool for risk strati ication.
Hence, in line with previous studies [28], it was not
surprising to observe a considerable association of the score
with in-hospital mortality.
This study found greater mortality in STEMI patients older
than 70 and among who had heart failure. Previous studies
demonstrated established association of age, and reduced
EF with MACE of ACS patients. However, it was not observed
previously known impacts of gender on mortality or nore low [5]. This study had con irmed enhanced mortality and
morbidity in the presence of no-re low phenomenon. Other
studies [5,6,16] displayed independent predictive role of
diabetes mellitus, which was similar to the results of this study.
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However, it was found a borderline statistical signi icance for
this relationship. Overall, the question about whether high
CHA2DS2-VASc has an independent additional effect beyond
its components remains controversial [29].
Previous investigations [5,6,16] detected various
determinants of suboptimal reperfusion following primary
PCI. Heart failure (embedded in CHA2DS2-VASc score),
cardiogenic shock, and high thrombus burden were also found
in this study in line with former reports.
This study showed that lower stent diameter & higher stent
length can predict no-re low. Based on these indings grade 0
TIMI low rate at initial angiography also was an independent
predictor of no-re low similar to another previous study [5].
Bayramoğlu, et al. [14] declared the impacts of long stent
(> 20 mm) and thrombus grade on no-re low risk. Odds ratios
3.607 (1.932–6.734), and 3.139 (1.081–9.113), respectively.
This study showed signi icant association of high thrombus
burden with no-re low incidence.
In consistent with this study, Mirbolouk, et al. [5]
demonstrated that initial TIMI low greater than 1 correlates
with lower likelihood of inal suboptimal low (OR: 0.06
(0.02–0.20)).

Conclusion
Signi icantly higher CHA2DS2-VASc score is associated
with higher risk of no- re low phenomenon and in-hospital
mortality rates in patients with STEMI who underwent
primary PCI.

Limitations
Several limitations were observed in this study, the
retrospective design based on a single center registry data
and the incidence of no-re low in this study was low.
Acidosis–alkalosis state, blood gas mixture, dosage and
types of anticoagulant, protocol of balloon dilation, and pain
time to balloon interval are other risk factors that were not
considered in this study.
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