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INTRODUCTION

ABSTRACT
Background: The no-reflow phenomenon, a complex complication arising post-
successful coronary revascularization, presents a big challenge in the management
of acute myocardial infarction. This comprehensive review explores the complex
aspects of this condition, exploring its incidence, pathophysiology, predictors,
clinical impact, diagnosis, and management strategies. Despite advancements in
investigative and therapeutic approaches, a comprehensive understanding of the
precise mechanisms in humans remains elusive.
Methods: The article addresses the varied incidence of no-reflow across clinical
settings, ranging from 2% in elective native coronary interventions to 26% in
primary percutaneous coronary interventions for acute myocardial infarction.
Notably, up to 60% of ST-elevation myocardial infarction patients undergoing
primary PCI experience no-reflow even after optimal coronary vessel reperfusion.
Pathophysiology encompasses ischemia-reperfusion injury, distal
microthromboembolism, and endothelial dysfunction, which are categorized into
structural and functional types. Predictors, including age, reperfusion time, blood
pressure, thrombus burden, and vessel diameter, emphasize the importance of
tools for assessing risks.
Results: No-reflow significantly impacts left ventricular function and remodeling,
leading to prolonged hospitalization durations and heightened long-term mortality.
Diagnosis relies on crucial modalities such as coronary angiography and cardiac
magnetic resonance imaging.
Management strategies encompass prevention through optimizing door-to-balloon
time, blood glucose, and blood pressure control, along with various treatment
options like thrombus aspiration, glycoprotein Ilb/llla inhibitors, nitroprusside,
calcium channel blockers, and adenosine.
Conclusions: This review provides a detailed viewpoint on the complex nature of
the no-reflow phenomenon, emphasizing the persistent need for research to
enhance outcomes in patients undergoing coronary interventions.
Keywords: No-Reflow Phenomenon; Coronary Interventions;
Myocardial Infarction; Pathophysiology; Management Strategies

Acute

reflow phenomenon (1). This phenomenon denotes

In the contemporary landscape of immediate
reperfusion strategies for patients experiencing
acute myocardial infarction, the primary focus
revolves around minimizing the duration of
coronary occlusion and myocardial ischemia to
mitigate myocardial necrosis. Despite rigorous
efforts in this direction, a residual risk of
myocardial ischemia persists, manifesting as a no-

Eldamanhory, A., et al

inadequate myocardial perfusion within a patent
epicardial coronary artery, typically attributed to
microvascular obstruction resulting from diverse
mechanisms (2). Various definitions of the no-
reflow phenomenon exist in the literature, with a
classical definition dating back to 2001 by Eeckhout
and Kern, characterizing it as insufficient
myocardial perfusion through a specific coronary
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circulation segment during primary percutaneous
coronary intervention (PPCI) without angiographic
evidence of mechanical vessel obstruction (3). More
recently, a detailed perspective considers no-reflow
in the context of diminished antegrade blood flow
(Thrombolysis In Myocardial Infarction [TIMI])
flow (0 or 1) following stent deployment, not
attributable to abrupt closure, spasm, or significant
stenosis of the original target lesion (4).
INCIDENCE

The occurrence of the no-reflow phenomenon
exhibits variability based on the clinical context,
with rates as low as 2% in elective native coronary
percutaneous  coronary interventions  (PCI),
escalating to 20% in saphenous venous graft (SVG)
interventions, and reaching up to 26% in primary
PCI for acute myocardial infarction (AMI) (5). A
noteworthy observation, highlighted in a European
Heart Journal article, reports the manifestation of
no-reflow in up to 60% of ST-elevation myocardial
infarction (STEMI) patients undergoing primary
PCI, even following optimal reperfusion of
coronary vessels (6).

PATHOPHYSIOLOGY
Since the initial description of the no-reflow
phenomenon in 1974, various mechanisms have
been proposed for its development (7). The
pathophysiology of no-reflow is intricate and
multifaceted, with several theories offering partial
explanations:
A) Ischemia Injury: The onset of no-reflow begins
with myocardial ischemia, defined as myocardial
tissue blood flow less than 40 mL/min for 100 g of
tissue, resulting in irreversible damage to
cardiomyocytes and endothelial cells. At the
endothelial level, the formation of blebs and
protrusions  obstruct  the  microcirculation.
Additionally, phenomena such as microvascular
hemorrhage, fibrin deposits, platelet clumping,
white blood cell aggregation, and rouleaux
formation of red blood cells may occur. Endothelial
cell necrosis leads to a loss of vascular integrity,
causing extravascular accumulation of fluid and
blood cells, further compressing the microvessel
lumen (8, 9).
B) Reperfusion Injury: Reperfusion injury arises
from the restoration of normal blood supply to the
damaged microcirculation, accelerating myocardial
swelling, tissue edema, endothelial disruption, and
inflammation.  Activated  neutrophils  release
oxygen-free  radicals and  pro-inflammatory
mediators, contributing to sustained
vasoconstriction of coronary microcirculation.
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Autonomic  dysfunction,  specifically alpha-
adrenergic receptor-mediated vasoconstriction of
coronary microcirculation, also plays a role in no-
reflow development (10).
C) Endothelial Injury: Endothelial integrity,
regulated by growth factors such as vascular
endothelial growth factor (VEGF), is compromised
during myocardial ischemia. This increases
endothelial permeability, a factor observed in
experimental models as a significant contributor to
no-reflow development (11).
D) Distal Atherothrombotic Embolization: Primary
percutaneous coronary intervention (PCI) is often
performed in the presence of a high thrombus
burden, and manipulations during the procedure can
lead to the distal embolization of microthrombi and
plaque components. Distal embolization stands out
as a major contributing factor to the development of
no-reflow. As a protective measure, aspiration
catheters and thrombectomy devices are advocated,
especially in the presence of a high thrombus
burden (12, 13).
Based on these underlying mechanisms, no-reflow
can be classified into two main categories: structural
and functional no-reflow. Structural no-reflow
involves irreversible damage to microcirculation
within the necrotic myocardium, characterized by
endothelial swelling, edema, and microvascular
obstruction. On the other hand, functional no-reflow
is reversible and occurs when microvasculature
patency is compromised due to alpha-adrenergic-
related vasoconstriction, spasm, microthrombotic
embolization, and reperfusion injury, with the
accumulation of neutrophils and platelets,
presenting a relatively better prognosis (Figure 1)
(14, 15).

PREDICTORS OF NO-REFLOW

PHENOMENON

Numerous studies have sought to identify risk
factors and predictors for the development of the
no-reflow phenomenon (16). One study revealed
that independent predictors of the no-reflow
phenomenon included age over 65 years,
reperfusion time exceeding 6 hours, systolic blood
pressure on admission less than 100 mmHg, intra-
aortic balloon pump (IABP) use before
percutaneous coronary intervention (PCIl), a low
initial  Thrombolysis In Myocardial Infarction
(TIMI) flow (<1), a high thrombus burden, and a
long target lesion (16). A comprehensive meta-
analysis in 2018, pooling data from 27 studies,
identified several factors associated with an
increased risk of no-reflow, such as advanced age,
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male gender, family history of coronary artery
disease, smoking, diabetes mellitus, hypertension,
delayed reperfusion, Killip class >2, elevated blood
glucose at the time of the procedure, elevated serum
creatinine, increased heart rate, decreased left
ventricular function, long lesion length, multivessel
disease, initial TIMI flow <1, and high thrombus
burden (17).

In a more recent study in 2020, a risk scoring
system was proposed as a predictor for the
development of no-reflow during primary PCI.
Parameters included in the model were age, absence
of angiotensin-converting enzyme inhibitor (ACEI)
or angiotensin Il receptor blocker (ARB) use,
collateral circulation, thrombus burden, diameter of
the target lesion, and blood glucose levels (18).
Activation of the renin-angiotensin system leads to
increased production of angiotensin Il, subsequently
raising vascular resistance and myocardial oxygen
demand. The use of ACEIs and ARBs inhibits these
downstream hazardous pathways (19).

Concerning the relationship between the
culprit vessel and the incidence of the no-reflow
phenomenon, extensive research has been
conducted, yet no significant correlation between
the culprit vessel and the development of no-reflow
has been conclusively identified to date (20).

CLINICAL IMPACT

A substantial number of patients with ST
elevation  experience  impaired  myocardial
reperfusion despite the opening of the culprit's
vessel, restoration of epicardial blood flow, and the
absence of in-situ thrombosis or vasospasm (21).
The persistence of systolic dysfunction, even after
opening the epicardial vessel and establishing
Thrombolysis In Myocardial Infarction (TIMI) 3
flow through pharmacological and/or mechanical
intervention for acute myocardial infarction, may be
attributed to irreversible injury (myocardial
necrosis), reversible injury (myocardial stunning),
or a combination of both (22).

The development of the no-reflow phenomenon
carries a poor prognosis and is associated with
depressed left ventricular (LV) ejection fraction and
adverse LV remodeling (21). In short-term follow-
up, the no-reflow phenomenon has been linked, in
various studies, to an increased duration of
hospitalization compared to patients without no-
reflow (6). A large study involving 1140 patients
reported that no-reflow after primary PCI was
associated with reduced myocardial salvage, a
larger infarct size, worse left ventricular ejection
fraction at six months, and an increased risk of 1-
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year mortality (23). On long-term follow-up, the
development of the no-reflow phenomenon during
primary PCI has been identified as a strong
predictor of 5-year mortality (23).
DIAGNOSIS OF NO-REFLOW

Diagnosing no-reflow begins with the clinical
scenario and involves various diagnostic modalities.
The clinical presentation of the no-reflow
phenomenon varies widely depending on the
situation. In the catheterization laboratory, the
clinical presentation is often sudden and dramatic,
with the patient experiencing severe chest pain and
hemodynamic instability (24).
A) Coronary Angiography: The suspicion of no-
reflow arises in any situation of impaired TIMI flow
after ruling out similar conditions. Spasms of the
epicardial coronary arteries should be ruled out by
administering intracoronary nitroglycerine boluses
(25). The term "no-reflow phenomenon" originated
from the observation of the absence of coronary
flow despite the deployment of a coronary stent and
the opening of the occluded coronary vessel. The
TIMI flow scale is utilized to evaluate different
coronary flow grades during PCI procedures,
classifying flow into Grades 0 (no flow), 1
(penetration  without  perfusion), 2 (partial
perfusion), and 3 (complete perfusion) (2).
B) Cardiac Magnetic Resonance Imaging (CMR):
CMR with gadolinium administration is the gold
standard non-invasive technique for assessing
microvascular obstruction (MVO) (26). While no
specific guideline recommendations exist for the
best timing or type of sequence to assess MVO by
CMR, studies often perform CMR assessment after
ST-elevation myocardial infarction (STEMI)
between 2 and 9 days post-primary PCI, as the
extent of both MVVO and infarction significantly
increases in the first 48 hours post-reperfusion.
Gadolinium contrast, used in first-pass-perfusion
imaging and late MVO, reflects the state of
coronary microcirculation (27). CMR T2 weighted
sequences additionally provide crucial data about
tissue edema and intramyocardial hemorrhage (28).
Late MVO has been identified as the most powerful
predictor of regional and global left ventricular
functional recovery in homogenous studies among
STEMI patients treated with primary PCI (29).
C) Other Techniques: Other diagnostic techniques,
including  the  electrocardiogram, contrast
echocardiography, and nuclear imaging, may be
used to confirm the diagnosis of no-reflow.
However, due to their low sensitivity, these methods
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are rarely employed in clinical practice for
diagnosing no-reflow (Table 1).
MANAGEMENT

Numerous studies and meta-analyses have explored
therapeutic approaches for managing the no-reflow
phenomenon. However, there is currently no
universal consensus on a specific approach for its
management. Euro Intervention has proposed an
algorithm  for dealing with the no-reflow
phenomenon in the catheterization lab (Figure 2).
The 2011 American guidelines for percutaneous
coronary intervention (PCI) are the only guidelines
that have provided specific recommendations for
managing this catastrophic complication (30).

A) Prevention of No-Reflow:

B) Preventing the no-reflow phenomenon
involves undertaking precautions.
Achieving a shorter door-to-balloon time,
maintaining optimal blood glucose levels,
and managing optimal blood pressure are
initial steps in preventing the occurrence of
no-reflow (32).

B) Treatment of No-Reflow:

1- Thrombus Aspiration: Thrombus aspiration has
been considered a potential solution to reduce the
risk of distal embolization involved in the
pathophysiology of no-reflow. Studies suggested a
reduction in the incidence of no-reflow with
thrombus aspiration before PCI, resulting in
improved clinical outcomes. However, routine use
of thrombus aspiration is no longer recommended
based on the 2017 European Society of Cardiology
(ESC) gquidelines for ST-elevation myocardial
infarction (STEMI), citing limited crossover and
evidence from trials like TASTE and TOTAL (34).
In cases of large residual thrombus burden post-
vessel opening, thrombus aspiration may be
considered (35).

2- Glycoprotein Ilb/Il1la Inhibitors: Glycoprotein
Ib/INla inhibitors, antiplatelets that inhibit platelet
aggregation, were investigated in the INFUSE-AMI
trial on STEMI patients undergoing primary PCI.
Intracoronary injection of abciximab significantly
reduced infarct size at 30 days post-MI. However,
due to the high bleeding risk, the use of these
inhibitors should be carefully considered. The 2017
ESC guidelines recommended their consideration
for bailout if there is evidence of no-reflow or a
thrombotic complication (37).

3- Nitroprusside: Intracoronary vasodilators,
including adenosine, calcium channel blockers, or
nitroprusside, are recommended by the 2011 ACC
PCI guidelines to treat PCl-related no-reflow during
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primary or elective PCI (38). Nitroprusside,
activating guanylate cyclase, induces smooth
muscle relaxation and vasodilation. Local distal
administration usually improves coronary flow and
myocardial blush without affecting systemic blood
pressure. Studies comparing nitroprusside and
nicorandil in treating no-reflow demonstrated lower
TIMI frame counts with nitroprusside. A meta-
analysis in 2014 showed that intracoronary sodium
nitroprusside reduces TIMI frame count, improves
left ventricular function, and significantly reduces
major adverse cardiac events (MACE) incidence
(40).
4- Calcium Channel Blockers: Studies, including a
recent meta-analysis, demonstrated the potential
benefit of intracoronary verapamil injection in
reducing major adverse events in patients
undergoing PCIl. However, further research is
needed to establish calcium channel blockers as a
standard treatment for no-reflow (42).
5- Adenosine: Adenosine, recommended by ACC
guidelines for managing no-reflow, induces smooth
muscle relaxation in the coronary microcirculation
and possesses antiplatelet properties. Evidence from
the AMISTAD-II trials showed a significant
reduction in infarct size with high-dose adenosine.
The REOPEN-AMI trial found improved ST-
segment resolution at 90 minutes with adenosine
compared to intracoronary nitroprusside (28, 21).
DILEMMA ABOUT THE NEED FOR A NEW
AGENT

Despite the efficacy of adenosine in
managing no-reflow, its short half-life poses a
limitation. Recent data from animal models have
suggested that a 2-hour intracoronary adenosine
infusion is more effective than an adenosine bolus
in ameliorating no-reflow. However, a significant
concern with adenosine use is the potential for
inducing atrioventricular block when infused into
the arterial bed supplying the conduction system.
Therefore, adenosine cannot be employed in
situations of heart block, sinus bradycardia, and
junctional rhythm, which are not uncommon during
ST-elevation myocardial infarction (STEMI) and
primary percutaneous coronary intervention (PCI)
(32).
Moreover, despite the use of various agents,
refractory no-reflow—defined as no-reflow that
persists even after employing at least two agents
such as adenosine, verapamil, and glycoprotein
lIb/llla inhibitors—remains a challenge in a
substantial percentage of primary PCI patients.
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In light of these challenges, there is a growing
interest in exploring new agents for the management
of refractory no-reflow and situations where
adenosine  is  contraindicated.  Epinephrine,
traditionally used in clinical settings to treat
cardiopulmonary arrest, has emerged as a potential
candidate. Despite its established clinical use, there

Volume 30, Issue 8.1, NOV. 2024, Supplement Issue

is a limited amount of published data regarding the
effectiveness of epinephrine in coronary no-reflow
(44). This opens up a dilemma regarding the
necessity for innovative agents that can address the

shortcomings associated with current therapeutic
options and provide effective solutions i
challenging clinical scenarios.

Table 1: Other diagnostic modalities for no-reflow phenomenon:

Diagnostic Modalities for diagnosis of
No-reflow phenomenon

Findings

I Electrocardiography post-intervention

Persistent ST-segment elevation

Dual Myocardial scintigraphy

Uptake perfusion mismatch

Myocardial Tc-99m sestamibi scintigraphy

No-reflow zone

Myocardial contrast echocardiography

Echocardiograms are obtained after IV or IC
injection of sonicated microbubbles. The lingering
microbubbles within the myocardium indicate no
reflow.

Ischemic
Injury

Endothelial Injury

Distal Embolization

Reperfusion Injury

Vasoconstriction

Figure 1: Classification of different types of no-reflow (15)
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No reflow (Assessment ECG, TMPG) I

v

| Exclude another cause

Thrombus, Spasm, Dissection, air embalism
- Distal contrast injections

-NTG 100-200 meg to 4 bolus

b

Check Hemadynamicl 2
ACT stabilisation :

.

Pressors Agents IABP
= 02 delivery Pacemaker

Tlessssnsssnnsnnnsnsnnsnnnsnl

UFH:UFH + 2b/3a

[ Target200-250s
n

LTTTITTT

Delivery system

e Guiding catheter

* Oyer-the-wire catheter
* Micocatheter

e fispiration catheter

First line management (each bolus can be given severaltimes)

1. Adencsine up to 60 mcg bolus

2. Verapamil upto 200 meg bolus or 100 meg/min up to 1000 meg
total, with temporary pacer on standby
Never give >200 mcg as bolus

3. Nitroprusside up to 200 meg bolus, up to 1000 meg total dose

4 Epinephrine 50-200 ug

5. Nicardipine 200 ug

6. Nicorandil 2 ug

7 Diltiazem 05—25 mgover 1 minupto5 mcg

Never shown to be effective
1. Nitroglycerin arteriols = 100 mm)

Figure 2: Check-list for management of no-reflow phenomenon (31)

CONCLUSION
This review offers a comprehensive overview of the
no-reflow phenomenon, addressing its incidence,
pathophysiology, predictors, clinical impact,
diagnosis, and management (9). The complexities
surrounding no-reflow necessitate ongoing research
for improved outcomes in patients undergoing
coronary interventions.

DECLARATIONS
Ethics approval and consent to participate: The
protocol was approved by our University
Institutional Review Board (ZU-IRB#10006/25-12-
2022), which confirmed that all methods were
performed in accordance with the Declaration of
Helsinki. Informed written consent was obtained
from all participants.
Consent for publication: Not applicable.
Availability of data and material: Our comparative
cross-sectional study data used to support the
findings of this study are available from the
corresponding author upon request.
Authors’ contributions: AE wrote the review and
did statistical analysis. TA collected data and
acquisition analysis and was the major contributor
to writing the manuscript. IS did the statistical

Eldamanhory, A., et al

1.

analysis, drafted and revised the article. NK
collected tables and figures and revised the article.
IS interpreted the patient data and critically revised
the article. All authors read and approved the final
review article.

Conflict of interest: None

Financial Disclosure: None

REFERENCES
Fernandez Rico, C., Konate, K., Josse, E., Nargeot,
J., Barrére-Lemaire, S. & Boisguérin, P. (2022):
Therapeutic  Peptides To Treat Myocardial
Ischemia-Reperfusion  Injury.  Frontiers  In
Cardiovascular Medicine, 9, 64.
Pantea-RoSan, L. R., Bungau, S. G., Radu, A.-F.,
Pantea, V. A., Moisi, M. 1., Vesa, C. M., Behl, T.,
Nechifor, A. C., Babes, E. E. & Stoicescu, M.
(2022): A Narrative Review Of The Classical And
Modern Diagnostic Methods Of The No-Reflow
Phenomenon. Diagnostics, 12, 932.
Eeckhout, E. & Kern, M. (2001): The Coronary No-
Reflow Phenomenon: A Review Of Mechanisms
And Therapies. European Heart Journal, 22, 729-
7309.

4212 |Page


https://doi.org/10.21608/zumj.2024.265445.3137
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/

10.

11.

12.

13.

14.

15.

https://doi.org/10.21608/zum;j.2024.265445.3137

Kulick, N., Friede, K. & Stouffer, G. A. (2023):
Safety And Efficacy Of Intracoronary Thrombolytic
Agents During Primary Percutaneous Coronary
Intervention For Stemi. Expert Review Of
Cardiovascular Therapy.

Xenogiannis, 1., Zenati, M., Bhatt, D. L., Rao, S. V.,
Rodes-Cabau, J., Goldman, S., Shunk, K. A.,
Mavromatis, K., Banerjee, S. & Alaswad, K.
(2021): Saphenous Vein Graft Failure: From
Pathophysiology To Prevention And Treatment
Strategies. Circulation, 144, 728-745.

Bouleti, C., Mewton, N. & Germain, S. (2015): The
No-Reflow Phenomenon: State Of The Art.
Archives Of Cardiovascular Diseases, 108, 661-
674.

Kloner, R. A., Ganote, C. E. & Jennings, R. B.
(1974): The “No-Reflow” Phenomenon After
Temporary Coronary Occlusion In The Dog. The
Journal Of Clinical Investigation, 54, 1496-1508.
Molek, P., Zmudzki, P., Wlodarczyk, A., Nessler, J.
& Zalewski, J. (2021): The Shifted Balance Of
Arginine Metabolites In Acute Myocardial
Infarction Patients And Its Clinical Relevance.
Scientific Reports, 11, 1-13.

Khostikyan, N. G. & Mardanyan, L. S. (2019):
Reviwers: Irina S. Kasparova Gayane F. Avetisyan.

Becker, L. C., Ambrosio, G., Manissi, J. &
Weisman, H. F. (2020): The No-Reflow
Phenomenon: A  Misnomer? Analysis And

Simulation Of The Cardiac System—Ischemia. Crc
Press.

Li, X., Redfors, B., Sainz-Jaspeado, M., Shi, S,
Martinsson, P., Padhan, N., Scharin Ting, M.,
Borén, J., Levin, M. & Claesson-Welsh, L. (2020):
Suppressed Vascular Leakage And Myocardial
Edema Improve Outcome From Myocardial
Infarction. Frontiers In Physiology, 11, 763.

Dash, D. & Mody, R. (2020): Treatment Of Chronic
Total Occlusion. Emerging Technologies For Heart
Diseases. Elsevier.

Kumar, V., Sharma, A. K., Kumar, T. & Nath, R. K.
(2020): Large Intracoronary Thrombus And Its
Management During Primary Pci. Indian Heart
Journal, 72, 508-516.

Gupta, S. & Gupta, M. M. (2016): No Reflow
Phenomenon In Percutaneous Coronary
Interventions In St-Segment Elevation Myocardial
Infarction. Indian Heart Journal, 68, 539-551.
Galiuto, L. (2004): Optimal Therapeutic Strategies
In The Setting Of Post-Infarct No Reflow: The
Need For A Pathogenetic Classification. Bmj
Publishing Group Ltd.

Eldamanhory, A., et al

16.

17.

18.

19.

20.

21.

22.

23.

24.

Volume 30, Issue 8.1, NOV. 2024, Supplement Issue

Ndrepepa, G., Tiroch, K., Keta, D., Fusaro, M.,
Seyfarth, M., Pache, J. R., Mehilli, J., SchoMig, A.
& Kastrati, A. (2010b): Predictive Factors And
Impact Of No Reflow After Primary Percutaneous
Coronary Intervention In Patients With Acute
Myocardial Infarction. Circulation: Cardiovascular
Interventions, 3, 27-33.

Fajar, J. K., Heriansyah, T. & Rohman, M. S.
(2018): The Predictors Of No Reflow Phenomenon
After Percutaneous Coronary Intervention In
Patients With St Elevation Myocardial Infarction: A
Meta-Analysis. Indian Heart Journal, 70, S406-
S418.

Yang, L., Cong, H., Lu, Y., Chen, X. & Liu, Y.
(2020): Prediction Of No-Reflow Phenomenon In
Patients Treated With Primary Percutaneous
Coronary Intervention For St-Segment Elevation
Myocardial Infarction. Medicine, 99.

Del Turco, S., Vianello, A., Ragusa, R., Caselli, C.
& Basta, G. (2020): Covid-19 And Cardiovascular
Consequences: Is The Endothelial Dysfunction The
Hardest Challenge? Thrombosis Research, 196,
143-151.

Ren, F., Mu, N., Zhang, X., Tan, J., Li, L., Zhang,

C. & Dong, M. (2016): Increased Platelet-
Leukocyte Aggregates Are Associated With
Myocardial No-Reflow In Patients With St

Elevation Myocardial Infarction. The American
Journal Of The Medical Sciences, 352, 261-266.
Allencherril, J., Jneid, H., Atar, D., Alam, M.,
Levine, G., Kloner, R. A. & Birnbaum, Y. (2019b):
Pathophysiology, Diagnosis, And Management Of
The No-Reflow Phenomenon. Cardiovascular Drugs
And Therapy, 33, 589-597.

Konijnenberg, L. S., Damman, P., Duncker, D. J.,
Kloner, R. A., Nijveldt, R., Van Geuns, R.-J. M.,
Berry, C., Riksen, N. P., Escaned, J. & Van Royen,
N. (2020): Pathophysiology And Diagnosis Of
Coronary Microvascular Dysfunction In  St-
Elevation Myocardial Infarction. Cardiovascular
Research, 116, 787-805.

Ndrepepa, G., Tiroch, K., Fusaro, M., Keta, D.,
Seyfarth, M., Byrne, R. A., Pache, J., Alger, P,
Mehilli, J. & Schomig, A. (2010a): 5-Year
Prognostic Value Of No-Reflow Phenomenon After
Percutaneous Coronary Intervention In Patients
With Acute Myocardial Infarction. Journal Of The
American College Of Cardiology, 55, 2383-2389.
Pantea-RoSan, L. R., Pantea, V. A., Bungau, S., Tit,
D. M., Behl, T., Vesa, C. M., Bustea, C., Moleriu, R.
D., Rus, M. & Popescu, M. 1. (2020): No-Reflow
After Ppci—A Predictor Of Short-Term Outcomes

4213 |Page


https://doi.org/10.21608/zumj.2024.265445.3137

25.

26.

27.

28.

29.

30.

https://doi.org/10.21608/zum;j.2024.265445.3137

In Stemi Patients. Journal Of Clinical Medicine, 9,
2956.

Ong, P., Safdar, B., Seitz, A., Hubert, A., Beltrame,
J. F. & Prescott, E. (2020): Diagnosis Of Coronary
Microvascular  Dysfunction In The Clinic.
Cardiovascular Research, 116, 841-855.

Schiau, C., Schiau, S., Dudea, S. M. & Manole, S.
(2019):  Cardiovascular Magnetic Resonance:
Contribution To The Exploration of
Cardiomyopathies. =~ Medicine And Pharmacy
Reports, 92, 326.

Kaur, G., Baghdasaryan, P., Natarajan, B., Sethi, P.,
Mukherjee, A., Varadarajan, P. & Pai, R. G. (2021):
Pathophysiology, Diagnosis, And Management Of
Coronary No-Reflow Phenomenon. International
Journal Of Angiology, 30, 015-021.

Allencherril, J., Alam, M., Levine, G., Jneid, H.,
Atar, D., Kloner, R. A. & Birnbaum, Y. (2019a): Do
We Need Potent Intravenous Antiplatelet Inhibition
At The Time Of Reperfusion During St-Segment
Elevation Myocardial Infarction? Journal Of
Cardiovascular Pharmacology And Therapeutics,
24,215-224.

Podlesnikar, T., Pizarro, G., Fernandez-Jiménez, R.,
Montero-Cabezas, J. M., Greif, N., Sanchez-
Gonzalez, J., Bucciarelli-Ducci, C., Marsan, N. A.,
Fras, Z. & Bax, J. J. (2020): Left Ventricular
Functional Recovery Of Infarcted And Remote
Myocardium  After = St-Segment  Elevation
Myocardial Infarction (Metocard-Cnic Randomized
Clinical Trial Substudy). Journal Of Cardiovascular
Magnetic Resonance, 22, 1-12.

Levine, G. N., Bates, E. R., Bittl, J. A., Brindis, R.
G., Fihn, S. D., Fleisher, L. A., Granger, C. B.,
Lange, R. A., Mack, M. J. & Mauri, L. (2016): 2016
Acc/Aha Guideline Focused Update On Duration
Of Dual Antiplatelet Therapy In Patients With
Coronary Artery Disease: A Report Of The
American College Of Cardiology/American Heart
Association Task Force On Clinical Practice
Guidelines: An Update Of The 2011 Accf/Aha/Scai
Guideline For Percutaneous Coronary Intervention,
2011 Accf/Aha Guideline For Coronary Artery
Bypass Graft Surgery, 2012
Acc/Aha/Acp/Aats/Pcna/Scai/Sts Guideline For The
Diagnosis And Management Of Patients With
Stable Ischemic Heart Disease, 2013 Accf/Aha
Guideline For The Management Of St-Elevation
Myocardial Infarction, 2014 Aha/Acc Guideline For
The Management Of Patients With Non—St-
Elevation Acute Coronary Syndromes, And 2014
Acc/Aha Guideline On Perioperative
Cardiovascular Evaluation And Management Of

Eldamanhory, A., et al

31.

32.

33.

34.

3S.

36.

37.

38.

39.

Volume 30, Issue 8.1, NOV. 2024, Supplement Issue

Patients  Undergoing  Noncardiac
Circulation, 134, E123-E155.

Muller, O., Windecker, S., Cuisset, T., Fajadet, J.,
Mason, M., Zuffi, A., Doganov, A. & Eeckhout, E.
(2008): Management Of Two Major Complications
In The Cardiac Catheterisation Laboratory: The No-
Reflow Phenomenon And Coronary Perforations.
Eurointervention, 4, 181-183.

Rezkalla, S. H., Stankowski, R. V., Hanna, J. &
Kloner, R. A. (2017): Management Of No-Reflow
Phenomenon In The Catheterization Laboratory.
Jacc: Cardiovascular Interventions, 10, 215-223.
Kumar, J., O’connor, C. T., Kumar, R., Arnous, S.
K. & Kiernan, T. J. (2019b): Coronary No-Reflow
In The Modern Era: A Review Of Advances In
Diagnostic ~ Techniques And  Contemporary
Management. Expert Review Of Cardiovascular
Therapy, 17, 605-623.

Zajdel, W., Miszalski-Jamka, T., Zalewski, J.,
Legutko, J., Zmudka, K. & Paszek, E. (2022):
Cardiac Magnetic Resonance Shows Improved
Outcomes In Patients With An St-Segment
Elevation Myocardial Infarction And A High
Thrombus Burden Treated With Adjuvant
Aspiration Thrombectomy. Journal Of Clinical
Medicine, 11, 5000.

Elfekky, E. M., Penjameen, M. N., Nassar, A. [. &
Elias, R. R. (2021): Outcome Of Manual Thrombus
Aspiration For Patients Undergoing Primary Pci For
Acute Stemi Showing Large Thrombus Burden. The
Egyptian Heart Journal, 73, 1-7.

Capodanno, D., Milluzzo, R. P. & Angiolillo, D. J.
(2019):  Intravenous  Antiplatelet  Therapies
(Glycoprotein Iib/liia Receptor Inhibitors And
Cangrelor) In Percutaneous Coronary Intervention:
From Pharmacology To Indications For Clinical
Use. Therapeutic Advances In Cardiovascular
Disease, 13, 1753944719893274.

Ibanez, B. & James, S. (2018): The 2017 Esc Stemi
Guidelines. European Heart Journal, 39, 79-82.
Levine, G. N., Bates, E. R., Blankenship, J. C.,,
Bailey, S. R., Bittl, J. A., Cercek, B., Chambers, C.
E., Ellis, S. G., Guyton, R. A. & Hollenberg, S. M.
(2012): 2011 Accf/Aha/Scai  Guideline For
Percutaneous Coronary Intervention: Executive
Summary: A Report Of The American College Of
Cardiology Foundation/American Heart Association
Task Force On Practice Guidelines And The Society
For Cardiovascular Angiography And Interventions.
Catheterization And Cardiovascular Interventions,
79, 453-495.

Shahri, B. & Vojdanparast, M. (2020): Coronary
No-Reflow Phenomenon: A Review Of Therapeutic

4214 |Page

Surgery.


https://doi.org/10.21608/zumj.2024.265445.3137

40.

41.

42.

https://doi.org/10.21608/zumj.2024.265445.3137

Pharmacological Agents. Razavi International

Journal Of Medicine, 8, 1-7.

Zeng, Q., Zhang, L. D. & Wang, W. (2021): A Meta-
Analysis Of Randomized Controlled Trials
Investigating Tirofiban Combined With
Conventional Drugs By Intracoronary
Administration ~ For  No-Reflow  Prevention.

Anatolian Journal Of Cardiology, 25, 7.

Kloner, R. A., Deboer, L. W., Carlson, N. &
Braunwald, E. (1982): The Effect Of Verapamil On
Myocardial Ultrastructure During And Following
Release  Of Coronary  Artery  Occlusion.
Experimental And Molecular Pathology, 36, 277-
286.

Allen, D. W. & Rajagopal, V. (2019): 13 Other
Adjunctive Drugs For Coronary Intervention: Beta-
Blockers,  Calcium-Channel  Blockers, = And

Citation

43.

44.

Volume 30, Issue 8.1, NOV. 2024, Supplement Issue

Angiotensin-Converting Enzyme Inhibitors.
Textbook Of Interventional Cardiology E-Book,
214.

Hausenloy, D. J., Chilian, W., Crea, F., Davidson, S.
M., Ferdinandy, P., Garcia-Dorado, D., Van Royen,
N., Schulz, R. & Heusch, G. (2019): The Coronary

Circulation In Acute Myocardial
Ischaemia/Reperfusion Injury: A Target For
Cardioprotection. Cardiovascular Research, 115,

1143-1155.

Khan, K. A., Qamar, N., Saghir, T., Sial, J. A,,
Kumar, D., Kumar, R., Qayyum, D., Yasin, U.,
Jalbani, J. & Karim, M. (2022): Comparison Of
Intracoronary Epinephrine And Adenosine For No-
Reflow In Normotensive Patients With Acute
Coronary Syndrome (Coar Trial). Circulation:
Cardiovascular Interventions, 15, E011408.

Eldamanhory, A., AbdelAziz, T., Mohamed, M., Kandeel, N., Shehata, I. Understanding the No-Reflow
Phenomenon in Coronary Interventions: A Comprehensive Review. Zagazig University Medical Journal, 2024;

(4207-4215): -. doi: 10.21608/zum;j.2024.265445.3137

Eldamanhory, A., et al

4215 | Page


https://doi.org/10.21608/zumj.2024.265445.3137

