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A B S T R A C T

Objective: To investigate the no reflow risk factors after percutaneous coronary intervention in ST
elevation myocardial infarction patients.
Method: Sample size, mean � standard deviation (SD) or frequencies (percent) of normal and no reflow
groups were extracted from each study.
Results: Of 27 retrospective and prospective studies, we found that increasing risks of no reflow were
associated with advanced age, male, family history of coronary artery disease, smoking, diabetes mellitus,
hypertension, delayed reperfusion, killip class �2, elevated blood glucose, increased creatinine, elevated
creatine kinase (CK), higher heart rate, decreased left ventricular ejection fraction (LVEF), collateral flow
�1, longer lesion length, multivessel disease, reference luminal diameter, initial thrombolysis in
myocardial infarction (TIMI) flow, and high thrombus burden. Moreover, initial TIMI flow �1 and high
thrombus burden had the greater impact on no reflow (OR95%CI = 3.83 [2.77–5.29], p < 0.0001 and 3.69
[2.39–5.68], p < 0.0001, respectively).
Conclusion: Our meta-analysis reveals that initial TIMI flow �1 and high thrombus burden are the most
impacted no reflow risk factors.
© 2018 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Percutaneous coronary intervention (PCI), first introduced by
Grüntzig et al.1 in Switzerland, has now become the gold standard
and the preferred treatment for ST elevation myocardial infarction
(STEMI)2–4 and its use has increased substantially in the last 12–15
years because of its clinical effectiveness.5 The benefits of PCI had
been described by Rott et al.6 and Goff et al.7 revealed that
compared to thrombolytic, PCI is considered more effective in
restoring thrombolysis in myocardial infarction (TIMI) 3 flow and
thus decreases mortality. Moreover, Singh8 suggested that PCI was
preferable than coronary artery bypass grafting (CABG), although
both of them had the same outcome related to quality of life.
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However, PCI does not always provide good outcome. One of PCI
complications often reported is no reflow phenomenon.9,10

No reflow phenomenon is defined as a complex condition
associated with inadequate myocardial perfusion of the coronary
artery without evidence of angiographic epicardial vessel obstruc-
tion, spasm, or dissection.9,11–15 No reflow phenomenon is
diagnosed based on angiography, myocardial contrast echocardi-
ography (MCE), and cardiac magnetic resonance imaging (CMRI).4

MCE is the gold standard for the diagnosis of no reflow16 and CMRI
is the most sensitive and specific method to assess the extent of no
reflow.4 According to several reports, the incidence of no reflow is
vary, ranging from 2 to 44% of all patients undergoing both primary
and elective PCI,4,11–13,17–20 and the mortality is ranging from 7.4–
30.3% of all no reflow patients.10,21–23 The pathogenesis of no
reflow phenomenon is complex and dynamic which involves distal
atherothrombotic embolisation, ischaemic injury, reperfusion
injury, and heightened susceptibility of coronary microcirculation
to injury.24
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The development of no reflow markedly increases the risk of
poor clinical outcomes including death, re-myocardial infarction
(MI), reduced left ventricular ejection fraction (LVEF), left
ventricular remodelling, malignant ventricular arrhythmia, heart
failure (HF), and cardiac rupture.16 Because of its adverse effects,
accurate detection of no reflow including identification of the
predictors is crucial. Until now, the predictors of the no reflow
phenomenon remain unclear. Although some studies14,25–50 have
reported no reflow risk factors, however they showed differences.
Therefore, we aimed to perform a meta-analysis concerning the
correlation between several factors and the risk of no reflow. Some
of these factors are demographic data, clinical characteristics,
laboratory parameters, electrocardiogram, echocardiography, and
angiographic findings.

2. Method

2.1. Study design

During August 1st to October 10th, 2017, we conducted a meta-
analysis to assess several factors (demographic and clinical
characteristics, laboratory parameters, electrocardiogram, echo-
cardiography, and angiographic findings) that might have the
impact on no reflow phenomenon after PCI in patients with STEMI.
In effort to reach this goal, we collected several studies from
PubMed and Embase concerning this association to calculate a
poolled odd ratio (OR) and 95% confidence interval (CI) using fixed
or random effect model. This design of the study was adapted from
our previous meta-analysis.51–55

2.2. Eligibility criteria

The selection criteria for inclusion in this study were as follows:
(1) retrospective studies; (2) prospective studies; (3) cross-
sectional studies; (4) randomized-controlled trials (RCTs); (5)
controlled before and-after studies; (6) cross-over studies; (7)
evaluating several factors that might have the association between
normal reflow and no reflow after PCI in patients with STEMI; and
(8) sufficient data for calculation of OR95%CI. Articles were
excluded because of: (1) obvious irrelevance title and or abstract,
(2) family-based study, review and or commentary, (3) incomplete
and or ungeneralized data, and (4) article with low quality (score
<6).56

2.3. Search strategy

We conducted a systematic literature search in PubMed and
Embase with no language restrictions, using specified search terms
to identify studies published up to July 20th, 2017. The search
strategy involved the use of combination of the following key
words: (percutaneous coronary intervention or PCI) and (no reflow
or no reflow phenomenon or NRP) and (risk factors or predictors).
The publication languages were restricted to English. The reference
lists of retrieved articles were handsearched. If more than one
article was published using the same study data; only the study
with the largest sample size was included.

2.4. Data extraction

The following information was extracted from each study: (1)
name of first author; (2) year of publication; (3) study design, (4)
sample size of no reflow and normal reflow groups, (5)
mean � standard deviation (SD) or frequencies and percent of
no reflow and normal reflow groups. Demographic data, clinical
characteristics, laboratory parameters, electrocardiogram,
echocardiography, and angiographic findings were analyzed in
both no reflow and normal reflow groups.

2.5. Variables

2.5.1. The predictors of no reflow phenomenon
Several factors that might have the association with the risk of

no reflow phenomenon including demographic data, clinical
characteristics, laboratory parameters, electrocardiogram, echo-
cardiography, and angiographic findings. Data were presented in
mean � SD or frequencies and percents.

2.5.2. No reflow phenomenon
A dynamic and complex phenomenon that associated with the

lack of myocardial perfusion without evidence of angiographic
epicardial vessel obstruction, spasm, or dissection.9,11–15 No reflow
is diagnosed according TIMI flow grade �1.57 We compared the
predictor data in subjects with normal reflow and no reflow after
PCI.

2.6. Stastical analysis

We estimated the impact of several predictors between no
reflow and normal reflow groups by calculating pooled ORs95%CI.
A Z test was used to determine the significance of pooled ORs
(p < 0.05 was considered statistically significant). A Q test was
performed to evaluate whether the heterogeneity existed. Random
effect model was used to calculate OR 95% CI if heterogeneity
existed (p < 0.10). Otherwise, a fixed effect model was used.
Publication bias was assessed using Egger’s test (p < 0.05 was
considered statistically significant). We used Comprehensive
Meta-Analysis (CMA) version 2.1 to analyzed the data.

3. Results

3.1. Characteristics of the studies

A total of 6657 potentially relevant papers were identified
based on the search strategy. Of these, 6611 papers were excluded
because of obvious irrelevance by reading their titles and
abstracts. After the full texts were read, nine papers were
excluded because they did not provide sufficient data for
calculation of OR with 95% CI; five papers were excluded because
they were reviews or comments; and five papers were excluded
because of same study data. A flow chart demonstrating the
inclusion or exclusion of studies is displayed as Fig. 1. Finally, a
total of 27 retrospective and prospective studies were included in
the meta-analysis.

3.2. Quantitative data synthesis

Based on search strategy, covariates on demographic and
clinical characteristics that meet the inclusion criteria for meta
analysis were age, male, family history of coronary artery disease
(CAD), smoking, previous CAD, diabetes mellitus, hypertension,
hyperlipidemia, symptom to reflow time, and killip class.58 Of 24
studies14,25–34,38–50 concerning the association between age,
smoking, diabetes mellitus, and hypertension with the risk of
no reflow, 23 studies14,25–34,38–44,46–50 regarding the association
between male and the risk of no reflow, nine studies14,28,31,34,39,43–
45,50 regarding the association between family history of CAD and
the risk of no reflow,16 studies26–30,33–35,38,39,41,42,45–48 regarding the
association between symptom to reflow time and the risk of no
reflow, and 12 studies26,27,29–31,33,34,39,41,44,45,50 concerning the



Fig. 1. Selection of articles for inclusion in meta-analysis.
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association between killip class �2 and the risk of no reflow; we
found that advanced age (OR95%CI = 1.89 [1.52–2.36], p < 0.0001),
male (OR95%CI = 1.27 [1.05–1.55], p = 0.0160), family history of CAD
(OR95%CI = 0.84 [0.72–0.99], p = 0.0330), smoking (OR95%CI = 0.78
[0.65–0.94], p = 0.0090), diabetes mellitus (OR95%CI = 1.45 [1.16–
1.81], p = 0.0010), hypertension (OR95%CI = 0.84 [0.76–0.93],
p = 0.0010), symptom to reflow time (OR95%CI = 1.92 [1.05–3.49],
p = 0.0330), and killip class � 2 (OR95%CI = 2.82 [1.90–4.18],
p < 0.0001) were associated with the risk of no reflow. While, other
covariates showed no significant association. Data regarding the
association between demographic and clinical characteristics with
the risk of no reflow are described in Table 1.

In laboratory parameters; blood glucose, white blood cell
(WBC) count, creatinine, total cholesterol, tryglicerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and peak
creatine kinase (CK) were met our inclusion criteria for meta
analysis. For blood glucose, creatinine, and peak CK; we found
nine,25,27,35,38,45–48,50 six,25,30,31,35,44,50 and 13 studies26–
Table 1
Demographic and clinical characteristics of the study.

Baseline characteristics Number of studies Model Normal reflow 

n Values 

Age (years) 24 Random 12922 59.6 � 1
Male 23 Random 12683 9340 (73
Family history of CAD 9 Fixed 9390 2458 (26
Smoking 24 Random 12892 5787 (44
Previous CAD 16 Random 10616 1697 (16
Diabetes mellitus 24 Random 12892 2963 (23
Hypertension 24 Fixed 12883 7161 (55
Hyperlipidemia 18 Random 11486 4491 (39
Symptom to reflow time (hour) 16 Random 4920 4.9 � 2.9
Killip classa �2 12 Random 9705 972 (10.

Notes, Values are mean � SD or frequencies and percent n(%); OR, odds ratio; CI, confiden
is diagnosed according TIMI flow grade �1.57

a Killip class, (I) no evidence of heart failure. (II) mild heart failure, crackles over lowe
more than one-third of chest, systolic BP >90 mmHg. (IV) Cardiogenic shock, pulmona
29,31,33,34,38,39,45–48; respectively. Our results found that elevated
blood glucose (OR95%CI = 1.90 [1.22–2.95], p = 0.0050), creatinine
(OR95%CI = 2.23 [1.08–4.60], p = 0.0300), and peak CK (OR95%
CI = 3.13 [2.22–4.41], p < 0.0001) were correlated with the risk of
no reflow. Others, we did not find any correlation. Table 2 describes
the association between laboratory parameters and the risk of no
reflow.

Concerning electrocardiogram and echocardiography, we in-
cluded covariates such as anterior MI, inferior MI, lateral MI, heart
rate, and LVEF for meta analysis. Our results found no association
between infarct location and the risk of no reflow. While, higher
heart rate (OR95%CI = 1.30 [1.07–1.57], p = 0.0080) of five stud-
ies25,27,30,44,45 and lower LVEF (OR95%CI = 3.10 [2.02–4.80],
p < 0.0001) of 11 studies29,30,35,36,38,41,43,46–48,50 were associated
with the risk of no reflow. Table 3 summarizes the association
between electrocardiogram and echocardiography with the risk of
no reflow.
No reflow OR 95%CI pH pE p

n Values

0.6 2163 63.3 � 11.4 1.89 1.52–2.36 <0.0001 0.4750 <0.0001
.6) 2082 1496 (71.9) 1.27 1.05–1.55 <0.0001 0.3430 0.0160
.2) 1103 251 (22.8) 0.84 0.72–0.99 0.7220 <0.0001 0.0330
.9) 2163 957 (44.2) 0.78 0.65–0.94 <0.0001 0.3400 0.0090
.0) 1588 361 (22.7) 0.86 0.58–1.23 <0.0001 0.7040 0.4850
.0) 2163 643 (29.7) 1.45 1.16–1.81 <0.0001 0.4400 0.0010
.6) 2163 1041 (48.1) 0.84 0.76–0.93 0.3710 0.0670 0.0010
.1) 1421 569 (40.0) 1.09 0.93–1.28 0.0950 0.1860 0.2990

 1385 5.6 � 3.0 1.92 1.05–3.49 <0.0001 1.1900 0.0330
0) 930 323 (34.7) 2.82 1.90–4.18 <0.0001 0.5730 <0.0001

ce interval; pH, p heterogeniety; pE, p egger; CAD, coronary artery disease; No reflow

r third or less of the lung, systolic BP >90 mmHg. (III) pulmonary oedema, crackles
ry oedema, crackles more that one-third of chest, systolic BP <90 mmHg.58.



Table 2
Laboratory parameters on admission.

Laboratory parameter Number of studies Model Normal reflow No reflow OR 95%CI pH pE p

n Values n Values

Blood glucose (mg/dl) 9 Random 2743 152.7 � 66.4 1143 183.3 � 89.7 1.90 1.22–2.95 <0.0001 0.6380 0.0050
WBC count (/mm3) 7 Random 2469 9977.9 � 3509.1 852 12206.6 � 4405.6 3.09 0.53–18.22 <0.0001 2.3830 0.2120
Creatinine (mg/dl) 6 Random 8514 1.12 � 0.32 621 1.22 � 0.45 2.23 1.08–4.60 <0.0001 0.8770 0.0300
Total cholesterol (mg/dl) 9 Fixed 2328 192.8 � 44.3 863 187.0 � 45.9 0.88 0.76–1.02 0.4170 0.0340 0.0910
Triglycerides (mg/dl) 9 Fixed 1531 125.6 � 76.0 758 121.7 � 63.1 1.10 0.93–1.29 0.1260 0.1910 0.2570
HDL (mg/dl) 9 Random 2446 40.3 � 10.1 904 39.9 � 9.8 1.01 0.80–1.27 0.0190 0.2560 0.9500
LDL (mg/dl) 9 Random 2854 108.6 � 33.3 1026 107.0 � 33.4 1.01 0.80–1.27 0.0190 0.2560 0.9500
Peak CK (IU/l) 13 Random 2855 2675.1 � 1695.0 1076 3964.8 � 2650.5 3.13 2.22–4.41 <0.0001 0.5630 <0.0001

Notes, Values are mean � SD or frequencies and percent n(%); OR, odds ratio; CI, confidence interval; pH, p heterogeniety; pE, p egger; WBC, white blood cells; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; CK, creatine kinase; No reflow is diagnosed according TIMI flow grade �1.57

Table 3
Electrocardiogram and echocardiography findings.

ECG & Echocardiography findings Number of studies Model Normal reflow No reflow OR 95%CI pH pE p

n Values n Values

Anterior MI 11 Random 3893 1905 (48.9) 844 461 (54.6) 1.46 0.98–2.17 <0.0001 0.6020 0.0640
Inferior MI 9 Random 3706 1245 (33.6) 765 260 (34.0) 1.12 0.83–1.51 0.0060 0.3540 0.4430
Lateral MI 8 Fixed 3467 310 (8.9) 684 44 (6.4) 0.95 0.67–1.34 0.5630 <0.0001 0.7720
Heart rate (beats/min) 5 Fixed 7365 77.8 � 17.6 411 81.6 � 21.4 1.30 1.07–1.57 0.2120 0.1530 0.0080
LVEF (%) 11 Random 4038 50.2 � 9.5 1193 44.0 � 9.8 3.10 2.02–4.80 <0.0001 0.6750 <0.0001

Notes, Values are mean � SD or frequencies and percent n(%); OR, odds ratio; CI, confidence interval; pH, p heterogeniety; pE, p egger; MI, myocardial infarction; LVEF, left
ventricular ejection fraction; No reflow is diagnosed according TIMI flow grade �1.57
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For angiographic findings, we included collateral flow grade as
described by Rosendorff [59], lesion length, multivessel disease,
reference luminal diameter, initial TIMI flow as described by
Gelfand & Cannon60, and thrombus score as described by Topol &
Teirstein61 for meta analysis. For collateral flow, lesion length,
multivessel disease, reference lumen diameter, initial TIMI flow,
and thrombus score; we found eight [26–29,33,34,39,45],
nine,31,32,34,35,39,40,42,44,45 seventeen,14,28–32,34,38,39,43–50 sev-
en,31,32,33,34,39,40,42 fifteen,14,26–34,38,39,42,44,45 and seven stud-
ies14,31,32,34,38,43,45; respectively. We found that collateral flow
(OR95%CI = 1.44 [1.06–1.97], p = 0.0210), lesion length (OR95%
CI = 1.90 [1.35–2.70], p < 0.0001), multivessel disease (OR95%
Table 4
Angiographic characteristics of the study.

Angiographic findings Number of studies Model Normal reflow 

n Values 

Collateral flowa �1 8 Fixed 1793 391 (21.8) 

Lesion length 9 Random 8200 18.3 � 7.4 

Multivessel disease 17 Random 11602 5898 (50.8
Reference luminal diameter 7 Random 1840 29.0 � 6.1 

Initial TIMI flowb 0–1 15 Random 10290 6316 (61.4)
Thrombus scorec �4 7 Random 1818 955 (52.5) 

Notes, Values are mean � SD or frequencies and percent n(%); OR, odds ratio; CI, confid
infarction; No reflow is diagnosed according TIMI flow grade �1.57

a Collateral flow grade, (0) no collaterals presents. (1) Barely detectable collateral flow
epicardial vessel. (2) Partial collateral flow; contrast medium enters, but fails to complet
and completely opacifies the target epicardial vessel.59.

b TIMI flow grade, (0) No perfusion; no antegrade flow beyond the point of occlusi
occlusion, although filling of the distal coronary bed is incomplete. (2) Delayed flow; 

perfusion; flow fills the distal territory completely.60.
c Thrombus grading score, (0) no angiographic characteristics of thrombus. (1) possibl

irregular lesion contour; or a smooth, convex meniscus at the site of total occlusion sug
angiographic views; marked irregular lesion contour with a significant filling defect; grea
views with greatest dimension more than half, but less than twice the vessel diameter
diameter. (5) complete thrombotic occlusion of the vessel; a convex margin that stains
CI = 1.56 [1.14–2.12], p = 0.0050), reference luminal diameter
(OR95%CI = 1.97 [1.08–3.59], p = 0.0270), initial TIMI flow
(OR95%CI = 3.83 [2.77–5.29], p < 0.0001), and thrombus score
(OR95%CI = 3.69 [2.39–5.68], p < 0.0001) were associated with
the risk of no reflow. Data regarding the association between
angiographic findings and the risk of no reflow are summarized in
Table 4.

3.3. Source of heterogeneity

Evidence of heterogeneity between studies was found in age
(pH < 0.0001), male (p < 0.0001), smoking (p < 0.0001), previous
No reflow OR 95%CI pH pE p

n Values

517 154 (29.8) 1.44 1.06–1.97 0.5790 <0.0001 0.0210
695 21.1 � 9.3 1.90 1.35–2.70 <0.0001 0.4540 <0.0001

) 1808 1044 (57.7) 1.56 1.14–2.12 <0.0001 0.5850 0.0050
400 30.6 � 7.9 1.97 1.08–3.59 <0.0001 0.7270 0.0270

 1178 1026 (87.1) 3.83 2.77–5.29 0.0010 0.4780 <0.0001
639 490 (76.7) 3.69 2.39–5.68 0.0050 0.4500 <0.0001

ence interval; pH, p heterogeniety; pE, p egger; TIMI, thrombolysis in myocardial

; contrast medium passes through the collaterals, but fails to opacify the resepient
ely opacify the target epicardial vessel. (3) Complete collateral flow; contrast enters

on, (1) Penetration without perfusion; faint antegrade coronary flow beyond the
sluggisg antegrade flow with complete filling of the distal territory. (3) Complete

e thrombus; angiographic features include decreased density of contrast; haziness;
gestive, but not diagnostic, of thrombus. (2) definite thrombus; present in multiple
test dimension less than half the vessel diameter. (3) definite thrombus in multiple
. (4) definite large thrombus with greatest dimension more than twice the vessel

 with contrast and persists for several cardiac cycles.61.



Fig. 2. Forest plot regarding the association between age (A), gender (B), and smoking (C) with the risk of no reflow.
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Fig. 3. Forest plot regarding the association between diabetes mellitus (A), hypentension (B), and symptom to reflow time (C) with the risk of no reflow.
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CAD (p < 0.0001), diabetes mellitus (p <0.0001), hyperlipidemia
(p = 0.0950), symptom to reflow time (p < 0.0001), killips class
(p < 0.0001), blood glucose (p < 0.0001), WBC (p < 0.0001),
creatinine (p < 0.0001), HDL (p = 0.0190), LDL (p = 0.0190), peak
CK (p < 0.0001), anterior MI (p < 0.0001), inferior MI (p = 0.0060),
LVEF (p < 0.0001), lesion length (p < 0.0001), multivessel disease
(p < 0.0001), reference luminal diameter (p < 0.0001), TIMI flow
(p = 0.0010), and thrombus score (p = 0.0050). Therefore, these
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data were assessed using random effect model. While, other
variables including family history of CAD (p = 0.7220), hyperten-
sion (p = 0.3710), total cholesterol (p = 0.4170), tryglicerides
(p = 0.1260), lateral MI (p = 0.5630), heart rate (p = 0.2120), and
collateral flow (p = 0.5790) were assessed using fixed effect model
because we found no heterogeneity between studies. The
summary of heterogeneity evidence is described in Tables 1–4.

3.4. Potential publication bias

Using Egger’s test, we found publication bias in family history of
CAD (p < 0.0001), total cholesterol (p = 0.0340), lateral MI
(p < 0.0001), and collateral flow (p < 0.0001). In other variables,
we found no publication bias. We described the results of Egger’s
test in Tables 1–4.

4. Discussion

The pathogenesis and risk factors of no reflow are still
incompletely understood. However, some literatures have pro-
posed several mechanisms: (1) pre-existing microvascular dys-
function, (2) distal micro-thrombo-embolization due to high
platelet activity and much thrombus burden, (3) ischemic injury,
(4) reperfusion injury, (5) swelling of myocardial cells compressing
microvascular vessels, and (6) individual susceptibility.4,24,34,62

Although some studies had reported possible risk factors, however
these reports were accompanied by inconsistency. This is the first
Fig. 4. Forest plot regarding the association between killip class
meta-analysis reporting the comparison of the possible risk factors
between normal reflow and no reflow groups.

Our demographic and clinical characteristics found that age,
male, family history of CAD, smoking, diabetes mellitus, hyperten-
sion, and killip class were proven to be associated with the risk of
no reflow. We displayed forest plot concerning this association in
Figs. 2–4. Age is widely known as one of risk factors for coronary
heart disease (CHD).63 However, the understanding regarding age-
related to no reflow is limited. This mechanism is probably through
pre-existing microvascular dysfunction.4 Advancing age is one of
the major risk factors for cardiovascular disease because aging has
the significant role in the development of vascular endothelial
dysfunction and stiffening of large elastic arteries.64 Moreover,
endothelial dysfunction has been known to impairs coronary flow
reserve (CFR) and increases the vulnerability of affected myocar-
dium to the PCI induced injury.4 In addition, diabetes mellitus;
hypertension; and male have also been shown to have a correlation
with endothelial dysfunction.65–67

Our results found that delayed reperfusion (a long duration
from symptom to reperfusion) increased the risk of no reflow. The
possible mechanism underlying this outcome is microemboliza-
tion. 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.68 This leads to the thrombus takes on more
erythrocytes and becomes more rigid, which may lead to distal
coronary embolization.69
 (A), heart rate (B), and LVEF (C) with the risk of no reflow.



Fig. 5. Forest plot regarding the association between blood glucose (A), creatinine (B), and peak CK (C) with the risk of no reflow.
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Interestingly, our findings revealed that smoking was 0.78 fold
associated with the risk of no reflow. It means that non smoker
subjects had 1.25 fold the risk of no reflow compared with smoker
subjects. See forest plot in Fig. 2C. This finding is a controversy.
Theoretically, smoking is associated with the risk of CAD70 and
endothelial dysfunction.71 We could not explain our result
theoretically. We had tried to search and correlate with several
possible no reflow mechanisms. However, we did not find the
answer. Nevertheless, it has been described that the causes of no
reflow are multifactoral. Therefore, it cannot be judged that
smoking is the only factor influencing no reflow.

Killip class �2 suggests that evidence of HF has been found.58

Our results showed that subjects with killip class �2 had 2.82 fold
the risk for no reflow as described in Fig. 4A. The correlation
between HF and no reflow is a complex involving neurohumoral
activation that leads to imbalance between nitric oxide (NO) and
reactive oxygen species (ROS). Reduced bioavailability of NO and
abundant formation of ROS within vascular wall play an important
role in endothelial dysfunction72 which is the basic of pre-existing
microvascular dysfunction mechanism.4

Our laboratory findings found that elevated creatinine was
associated with the risk of no reflow. We summarized this
association in Fig. 5B. The correlation between creatinine level
and no reflow is complicated. Of the five possible no reflow
mechanisms, the closest possible mechanism is through
endothelial dysfunction. Although the association between renal
function and endothelial dysfunction is unclearly elucidated.
However, the basic correlation has been proposed. Creatinine
level indicates renal function and elevated its level is associated
with renal impairment.73 On the other, reduction of renal
function has been proven to cause retention of vasotoxic
substances and cause metabolic changes that lead to increase
ROS. These changes are believed to have an important role to
create an atherogenic milieu.74 As the result, plasma concentra-
tion of endothelium-derived protein will be increased and
endothelium-dependent vasodilatation will be decreased. The
changes of this level are responsible to increase soluble vascular
cell adhesion molecule-1 (sVCAM-1) expression, the earlier step
of endothelial dysfunction.75 Not only sVCAM-1, Stam et al.76

showed that elevated level of von willebrand factor (vWf), soluble
intercellular adhesion molecule-1 (sICAM-1), serum secretory
phospholipase A2 (sPLA2), and C-reactive protein (CRP) also
played an important role that bridge between renal function and
endothelial dysfunction. Moreover, endothelial dysfunction also
has a correlation with elevated blood glucose levels77 as reported
in our study.

In adition, our laboratory findings also found that elevated CK
was associated with the risk of no reflow. See Fig. 5C. The
correlation between CK level and the risk of no reflow is possible
through vascular contractility.78 CK, known as cardiac biomarker



Fig. 6. Forest plot regarding the association between collateral flow (A), lesion length (B), multivessel disease (C), and reference luminal diameter (D) with the risk of no
reflow.
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since 1975,79 is an enzyme found primarily in the cardiac muscle
and skeletal muscle80 and its elevation in serum is highly specific
and sensitive for myocardial cell wall injury especially MI.81

However, the report concerning its role in vascular contractility is
limited. CK enzyme is involved as an energy transducer in energy
production and consumption.82 CK functionates as a channel for
high-energy phosphoryl groups and lead to occur sequential
phosphotransfers that responsible for transmission of adenosine
triphosphate (ATP) from mitochondria to ATP-consuming sites. In
ATP-consuming site, CK rapidly regenerates ATP from creatine-
phosphate. Therefore, CK may facilitate highly energy-demanding
functions for vascular contractility83 that may contribute for the
development of no reflow.78
We found that elevated heart rate was associated with the risk
of no reflow. The data of this association is displayed in Fig. 4B. No
study explains the direct correlation between heart rate and no
reflow. We proposed that HF may bridge the association between
heart rate and no reflow. Although decreased HR variability was
correlated with increased sympathetic or decreased vagal tone,
which might predispose to ventricular fibrillation.84,85 Recently, it
has been known that higher heart rate above 70 beats per minute is
known as an independent risk factor for the development of HF.86–
89 Moreover, reducing heart rate is beneficial for clinical out-
comes90 and better survival of the patients with HF,91 and
therefore Tavazzi92 suggested that heart rate can be considered as
the target for medical intervention in HF patients.
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Based on forest plot in Fig. 4C, our findings suggested that low
LVEF was proven to be associated with no reflow. The association
between no reflow and LVEF has not been discussed previously.
However, this mechanism is probably associated with HF. LVEF, a
predictor of the outcome in patients with chronic HF,93 is the
percent decrease of left ventricle volume in end-systole compared
with end-diastole.94 The normal range of LVEF is more than 50%95

or about 50–70%96 and 50%–55% is commonly defined as having
low-normal LVEF.97 Low LVEF had been associated with poor
prognosis93,98 and preserved LVEF was associated with survival of
HF.99 Therefore, low LVEF as the result of our findings reflected
poor prognosis of HF that migh contribute to the development of
no reflow.

In angiographic parameters as summarized in Figs. 6 and 7, our
study demonstrated that lesion length and reference lumen
diameter were associated with no reflow. There are several
aspects that may explain these results. First, large vessels are able
to accommodate large amounts of plaque lipid or thrombus. The
larger the lesioned vessels are directly proportional to the slower
the flow velocity, and the longer the target lesion reflects the
larger amount of thrombus and plaque burden100 This was
supported by Goldstein et al.101 reported that the presence of
multiple complex plaques was associated with a poor prognosis
in MI patients. Second, longer lesion indicates the use of longer
stent length. Hong et al.102 found that longer stent length was
associated with plaque prolapse, and plaque prolapse had been
proven to be associated with myonecrosis after stenting and no
reflow.103 This would explain the high risk for no reflow observed
in our study.

Our angiographic findings also revealed that initial TIMI flow �
1, collateral flow, multivessel disease, and high thrombus burden
had significant correlation with the risk of no reflow. Moreover,
compared to other covariates, TIMI flow and thrombus burden
were the most correlated coaviates for no reflow. It has been
reported that no reflow with large infarct size was more frequent in
Fig. 7. Forest plot regarding the association between initial TIMI
patients with high thrombus burden,104 reduced TIMI flow and
collateral flow.105 Thrombus burden, collateral flow, and TIMI flow
are interrelated, with the higher thrombus burden reflects the
lower TIMI flow and collateral flow.106 The basic mechanism of no
reflow correlated with TIMI flow and thrombus burden is
microvascular obstruction caused by the embolization of thrombus
originating from unstable plaque during PCI.105 A high thrombus
burden was shown to be an independent predictor of distal
embolization107,108 and had been associated with worse TIMI flow
and collateral flow.107 This was supported by Okamura et al.109 who
found multiple embolic particles using doppler guidewires in
patients who underwent PCI. Embolization was reported causing
about 50% obstruction of coronary capillaries results in an
irreversible reduction of myocardial blood flow.110 Moreover,
Skyschally et al.111 also reported that distal coronary embolization
was associated with severe regional contractile dysfunction in
animal models.

Our results reported evidence-based data regarding no reflow
risk factors. Based on these results, we recommend that every
patient with STEMI should be evaluated for these factors.
Therefore, the possibility of the no reflow occurrence may be
anticipated. In addition, Cardiology Organizations are expected to
review no reflow risk factors. Therefore, a standard recommen-
dation to prevent no reflow may be enforced.

There were several limitations in the study. First, most studies
included in this meta analysis were retrospective. Therefore,
further studies included only RCT are needed to get the conclusion
with the higher evidence level. Second, there was the possibility of
a false negative finding due to the small samples size even
combined. Thus, further studies with a larger sample size are
required to investigate the better associations. Third, meta analysis
is about testing the covariates that have been reported. Thus, we
can not test other covariates that we consider to have the
correlation with the risk of no reflow.
 flow (A) and thrombus score (B) with the risk of no reflow.
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5. Conclusion

In conclusion, of the 29 covariates, our meta analysis suggested
that advanced age, male, family history of CAD, smoking, diabetes
mellitus, hypertension, delayed reperfusion, killip class �2,
elevated blood gulcose, elevated creatinine, elevated peak CK,
increased heart rate, decreased LVEF, collateral flow, lesion length,
multivessel disease, reference luminal diameter, initial TIMI flow,
and thrombus score were proven to be associated with the risk of
no reflow. Our results may contribute to develop better under-
standing regarding the risk factors of no reflow.
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