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ABSTRACT

Acute coronary syndrome (ACS) comprises a spectrum of clinical conditions which initiated
by rupture of an atherosclerotic coronary plaque with overlying acute thrombosis.Recent
research in the last decade has changed our view ACS from a mere lipid deposition to an
inflammatory disease; from ACS exclusively due to plague rupture to the novel definitions of
plague erosion or calcified nodule; from the notion of a superimposed thrombus with
necessary lethal consequences to the concept of healed plaques and thrombus contributing
to plaque progression. The coronary thrombus may be completely occlusive, as is frequently
seen in ST-segment elevation myocardial infarction (STEMI), or non-occlusive, as can be
observed in unstable angina or non-ST-elevation myocardial infarction (UA/NSTEMI).
Thrombus on preexisting plaque, dynamic obstruction from coronary spasm or Prinzmetal’s
angina, progressive mechanical obstruction, inflammation and/or infection, and secondary
unstable angina due to global myocardial oxygen supply and demand mismatch. Slow
coronary flow (SCF) phenomenon is a coronary microvascular disease diagnosed by
detection of delayed dyeopacification in coronary arteries during an angiography in the lack
of obstructive coronary artery disease. The incidence of SCF has been reported to be
approximately 1-7% in patients who undergo a diagnostic coronary angiography due to
suspected coronary artery disease.In the absence of substantial epicardial coronary stenosis,
the coronary slow flow phenomenon (CSFP) is an angiographic clinical entity defined by
delayed distal artery opacification. The extensive usage of ECG markers in numerous
therapeutic contexts may be influenced by P-wave inscriptions.Thus, the aim of the present
study to review coronary flow phenomenon in patients with acute coronary syndrome.
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INTRODUCTION

Plaque rupture (or fissure) caused
most fatal myocardial infarctions. These
findings led to the notion of the
vulnerable or high-risk plague
characterized by a large central lipid core,
an abundance of inflammatory cells, a
paucity of smooth muscle cells (SMCs),
and a thin fibrous cap. These observations
spawned the widely accepted concept
that instability of coronary atheromata
resulted from fissuring of a thin-capped
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fibroatheroma caused by a weakening of
its collagen structure wrought by
inflammatory mechanisms. About half of
ACS occurred in the presence of normal
levels of C-reactive protein (CRP), a
marker of inflammation (1).

This concept stimulated manifold
attempts to develop methods to detect
the vulnerable plaque, a quest predicated
on the postulate that local interventions
could preclude plaque thrombosis and
possibly prevent ACS. However, attempts

www.neuroquantology.com

2121


mailto:dr.basem.nagy@gmail.com

NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 2121-2134| DOI: 10.14704/NQ.2022.20.12.NQ77186
Mohamed Elawady / Overview of Coronary Flow Phenomenon in Patients with Acute Coronary Syndrome

to identify vulnerable plaques proved
disappointing because of their low
predictive value (2).

Pathological studies of human
coronary arteries show that plaque
rupture occurs commonly in individuals
without symptomatic ACS. Moreover, <5%
of plaques with the features of thin-
capped fibroatheroma as determined by
intravascular ultrasound interrogation
actually cause clinical events during over 3
years of follow-up (3).

Thus, most thin-capped
fibroatheroma are clinically quite stable, a
realization that renders vulnerable plaque
a misnomer. Indeed, plaques with thin-
capped fibroatheroma morphology as
assessed by radiofrequency backscatter
data from intravascular ultrasound (virtual
histology) commonly convert to an
apparently more stable character during a
1-year follow- up period. Such evolution
in plaques may reflect mutability during
the  natural  history of  human

atherosclerosis but could also reflect
adherence of many of these patients to a
contemporary  secondary prevention
regimen, including smoking cessation,
statins, and agents that target the renin-
angiotensin axis (4).

About half of ACS occurred in the
presence of normal levels of CRP, a
marker of inflammation (5). Another
study using optical coherence
tomography (OCT) demonstrated that
among patients with ACS and plaque
rupture, two thirds of patients had
imaging evidence of inflammatory cell
infiltration in the region of the ruptured
fibrous cap but one third did not and the
latter had lower levels of CRP.In addition,
plague erosion causes up to a third of ACS
in the current era(Figure 1). Finally, about
one fifth of ACS occur in the apparent
absence of coronary thrombosis,
suggesting that functional alterations
beyond thrombus formation can
contribute to ACS pathogenesis (6).

Figure (1): Four diverse mechanisms cause acute coronary syndromes (ACS).

Plaque rupture with systemic
inflammation:

Liuzzo et al. (7) have implicated
systemic inflammation in ACS as assessed
by the biomarker CRP. Laboratory studies
and observations on human plaques point
to inflammatory mechanisms as key
regulators of the fragility of the fibrous
cap and of the thrombogenic potential of
the lipid core (Figure 2). Macrophages
likely pave the way for the rupture of the
fiborous cap of the plague: When
activated, these cells elaborate enzymes
that degrade all components of the
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arterial  extracellular matrix. These
enzymes include matrix
metalloproteinases and certain
cathepsins. Multiple mechanisms regulate
these  matrix-degrading  proteinases:
transcription, translation, activation of
zymogen precursors, and balance with
endogenous inhibitors such as the tissue
inhibitors of matrix metalloproteinases or
the cystatins. Thus, increased amounts of
activated proteinases or reduced levels of
their  corresponding inhibitors can
enhance breakdown of the extracellular
matrix of plaque (8).
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Figure (2): Imbalance in adaptive immune pathways can modulate atherosclerotic plaque

activity.

Plaque rupture without systemic
inflammation:

When plaque rupture occurs in the
absence of systemic inflammatory
activation, other mechanisms may
contribute to pathogenesis, including
extreme emotional disturbance ranging
from external events of short duration
such as earthquakes and a beloved team’s
loss of a football (soccer) match to acute
manifestations of more long-term
emotional disturbances. Intense physical
exertion and local mechanical stress at
the level of the artery wall, either
increased circumferential stress or
reduced shear stress, may also predispose
to plaque rupture (9).In addition,

subclinical inflammation in the
microenvironment of the culprit stenosis
might compound the chain of events
leading to coronary instability, although
the triggers for and effectors of such local
inflammation may differ from those that
operate in patients with systemic
inflammation (10).

Local changes in the equilibrium
between esterified and free cholesterol
might promote plaque rupture (Figure 3).
Cholesterol crystal formation in the lipid
core could heighten the risk of plaque
rupture and thrombosis and can
coactivate the inflammasome, an
intracellular multimeric complex that
generates active IL-1Band IL-18 (11).
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Figure (3): Cholesterol crystals activate local innate immune pathways in the

atherosclerotic plaque.

Plasma low-density lipoprotein can enter
the arterial wall and accumulate in
mononuclear phagocytes via scavenger
receptors. Lipid-laden macrophage foam
cells can die, contributing to the
accumulation of extracellular cholesteryl
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ester and cholesterol monohydrate
crystals in the lipid-rich necrotic core of
the plaque. The dying macrophages can
also release apoptotic bodies and
microparticles that contain the potent
procoagulant tissue factor (TF+). The
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cholesterol crystals can coactivate the
inflammasome, an intracellular
supramolecular structure that generates
the biologically active forms of the
proinflammatory cytokines interleukin
(IL)-1Band IL-18. Large crystals might also
cause mechanical disruption of the fibrous
cap.

OCT has colocalized cholesterol
crystals in human coronary arteries with
thin-capped plaques.The development of
micro-OCT with a 2-um resolution may
shed new light on this potential
mechanism of instability by assessing its
occurrence in vivo.Cholesterol crystals
might also theoretically resist plaque
rupture by increasing the stiffness of the
lipid pool, although this mechanism
probably contributes little to plaque
stability (12).The role of calcium mineral
as a causal factor in ACS remains
controversial. Large collections of calcified
tissue do not augment the biomechanical
instability of plaques or associate with
lesions that provoke ACS.Small foci of
calcification within the atherosclerotic
intima, some causing spotty calcification

visible on computed tomography, can also
introduce biomechanical inhomogeneities
that can favor plaque destabilization (13).

Plaque erosion:

Lischer (14) suggested that
mechanisms of plaque disruption distinct
from macrophage-driven rupture of the
fibrous cap of plague can commonly
cause ACS. The mechanism of plaque
thrombosis described by pathologists as
superficial erosion appears not to involve
inflammation mediated by macrophages,
as in the case of fibrous cap fracture.
Superficial erosion complicates lesions
with a distinct epidemiology and
morphology and involves
pathophysiological mechanisms that differ
from rupture of the fibrous cap. Indeed,
neutrophil activation seems to play a
pivotal role in thrombosis due to plaque
erosion(Figure 4). In  postmortem
coronary artery specimens, luminal
thrombi superimposed on eroded plaques
contain many more myeloperoxidase-
positive cells than thrombi associated
with ruptured plaques(14).

Coimtosrtsesct flow

Figure (4):Pathways implicated in arterial thrombosis caused by superficial erosion. Stimuli

such as disturbed flow or engagement of
innate immune receptors such as Toll-like
receptor-2 (TLR2) can activate the
endothelial cells that line the arterial
intima. These cells can undergo cell death,
eg, by apoptosis, depicted by the cell with
the interrupted membrane and pyknotic
nucleus. Injured or dying endothelial cells
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can desquamate, uncovering the
basement membrane. Neutrophils
attracted by chemokines produced by
activated endothelial cells can congregate
on the denuded intima and can in turn
degranulate and die, releasing neutrophil
extracellular traps (NETs). These strands
of extruded DNA can bind the contents of
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the neutrophil granules and other
proteins, eg, myeloperoxidase or tissue
factor. The NETs can constitute a solid-
state reactor that generates oxidants such
as hypochlorous acid and stimulates
coagulation locally. Platelets interacting
with the basement membrane can
activate, release their granular contents,
including chemokines that can recruit
further leukocytes, and form the nidus of
a white thrombus.

Yahagi et al. (15) suggested that
fatal plaque erosion associates more
commonly with hypertriglyceridemia,
diabetes mellitus, female sex, and old age.
The morphology of lesions that produce
thrombosis caused by superficial erosion
differs radically from the features
associated with fibrous cap rupture.
Superficially eroded lesions contain few
macrophages or T lymphocytes,
inflammatory cells considered pathogenic
in plaque rupture. Rather than depleted
collagen, the lesions associated with
superficial erosion contain abundant
proteoglycan and glycosaminoglycans.

Instead of a paucity of SMCs,
eroded lesions can contain abundant
arterial SMCs. Plaques complicated by
fibrous cap fracture typically harbor large
necrotic, lipid-rich cores. In contrast, the
more fibrous lesions associated with
superficial  erosion  generally lack
prominent central lipid cores.A loss of
intimal endothelial cells defines lesions
that provoke thrombosis by the
mechanism denoted as superficial erosion
(16).

Quillard et al. (17) have implicated
engagement of the innate immune
receptor Toll-like receptor 2 in promoting
the susceptibility of endothelial cells to
apoptotic stimuli. Hyaluronic acid, a
prominent constituent of the extracellular
matrix of eroded lesions, could serve as
an endogenous ligand of Toll-like receptor
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2, implicated in promoting endothelial cell
apoptosis.

Experiments that have evaluated
gain and loss of Toll-like receptor 2
function in  mice support these
observations.Indeed, hyaluronan and its
receptor, CD44, colocalize along the
plaque/thrombus interface in eroded
plague but not in ruptured or stable
plague. Accumulation of hyaluronan and
expression of CD44 along the
plague/thrombus interface of eroded
plagues may promote de-endothelization,
resulting in CD44-dependent platelet
adhesion and subsequent thrombus
formation, mediated in part by a direct
action of hyaluronan on fibrin
polymerization (18).

Thrombosis caused by superficial
erosion occurs in 2 phases. The first hit,
mediated, for example, by Toll-like
receptor 2, would jeopardize endothelial
viability or adherence, leading to a breach
in the integrity of the endothelial
monolayer overlying the atherosclerotic
plaque. The denuded patch on the intimal
surface would then attract platelets that
could undergo activation by contact with
collagen and other components of the
arterial extracellular matrix  usually
protected from the blood compartment
by the endothelial lining of the intima.
The second hit, mediated by the release
of granular contents from activated
platelets and the local production of
chemoattractants for polymorphonuclear
leukocytes, would beckon these
granulocytes to join the platelets at local
sites of endothelial denudation. In turn,
the activation of polymorphonuclear
leukocytes could generate structures
known as neutrophil extracellular traps,
made up of strands of unwound DNA
released by the dying granulocytes.This
uncoiled DNA becomes decorated with
proteases, tissue factor, and pro-oxidant
enzymes that could propagate local
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amplification of an innate immune
response, thrombin activation, and fibrin
generation and entrap further platelets
and fibrin strands in an evolving thrombus
(19).

This hypothetical scenario posits a
mechanism of thrombosis that s
independent of the chronic inflammatory
cells typically implicated in fibrous cap
rupture: macrophages and T lymphocytes.
Rather, this schema implicates different
arms of innate immunity in thrombus
initiation, propagation, and stabilization.
These mechanistic differences with
fiborous cap fracture have potential
therapeutic implications (20).

Plague without thrombus:

In patients with ACS without plaque
thrombus, a functional alteration of
coronary circulation likely causes acute
ischemia involving large epicardial
coronary arteries or the coronary
microcirculation.  Epicardial coronary
vasospasm may occur in patients in whom
coronary  angiography does not
demonstrate an obstructive
atherosclerotic plaque (21). In the CASPAR
study (Coronary Artery Spasm in Patients
With  Acute Coronary  Syndrome),
coronary angiography failed to show
culprit lesions in =30% of patients with
suspected ACS.
acetylcholine  administration  elicited

Intracoronary

coronary spasm in nearly 50% of these
patients. Similar findings pertained to a
Japanese population.Coronary artery
spasm also may cause coronary instability
in patients with obstructive
atherosclerosis (22).

Indeed, a classic study by Bertrand
et al. (23) found that ergonovine induced
spasm in 20% of patientswith recent
myocardial infarction and in 40% of
patients with unstable angina. In another
study, acetylcholine induced spasm in
20% of white patientsand in 60% of
patients with myocardial infarctionwithin
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the previous 14 days.Japanese people
have ahigher prevalence of coronary
spasm than whites forunknown reasons
(24).

Microvascular spasm also can cause
myocardial ischemia.This mechanism
likely operates in patients with Takotsubo
cardiomyopathy,which frequently occurs
in the absence of obstructive
atherosclerosis, although =15% of these
patients exhibit concomitant obstructive
atherosclerosis (25).

Microvascular spasm can also contribute
to ischemia in the face of angiographically
normalappearing epicardial coronary
arteries. Microvascular ischemia often
manifests as angina pectoris but can also
cause non-ST-segment—elevation ACS as
defined by
alterations and biomarker evidence of

electrocardiographic

myocyte injury(Figure 5).Smooth muscle
cells in the media layer of coronary
arterial vessels can contract in response
to stimuli from the autonomic nervous
system (eg, acetylcholine), local responses
to autacoids (eg, histamine), and
pharmacological stimuli. Local
hyperreactivity of smooth muscle cells
mediated mainly by enhanced Rho kinase
activity results in spasm in response to
constrictor stimuli. Normal endothelial
cells produce endogenous vasodilator
substances, including nitric oxide (NO).
Coronary spasm can also contribute to
plague instability by causing endothelial
damage, as shown in an infarction-prone
strain of the Watanabe heritable
hyperlipidemic rabbit. Either
macrovascular or microvascular spasm
can result from impaired vasodilatation or
from vasoconstrictor stimuli acting on
hyperreactive vascular SMCs (26).
Shimokawa et al. (27)
demonstrated SMC hyperreactivity in a
coronary segment in pigs after adventitial
exposure of a coronary segment to an
inflammatory stimulus (IL-1PB).
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Shimokawa (28) suggested that an
increase in Rhokinase activity was a major
mechanism of SMC hyperreactivity.
Perivascular fibrosis in the coronary
microvasculature can contribute to
myocardial ischemia. This observation
highlights the potential contribution of

fixed structural changes in coronary
arterioles beyond impaired endothelial
vasodilator function as a contributor to
myocardial ischemia in the absence of
obstructive disease of the epicardial
coronary arteries (29).
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Figure (5): Cellular mechanisms of arterial epicardial spasm relevant to acute coronary

syndrome pathogenesis.

Slow coronary flow phenomenon

The coronary slow flow
phenomenon (CSFP) is an angiographic
clinical entity, characterized by delayed
distal vessel opacification in the absence
of significant epicardial coronary stenosis.
Although it is  well-known to
interventional cardiologists for
approximately  four decades, the
pathogenic mechanisms are incompletely
understood. Rather than representing a
simple angiographic curiosity, CSFP has
direct clinical implications, as it has been
linked to clinical manifestations of
myocardial ischemia, lifethreatening
arrhythmias, sudden cardiac death, and
recurrent acute coronary syndromes (30).

Karakayaet al. (31) suggested that a
combination of morphological and
functional abnormalities in small vessels
and epicardial coronary arteries accounts
for the etiology of CSFP. Another feature
of CSFP, probably requiring special
consideration is its frequent occurrence in
association with more widespread
vascular abnormalities. Cerebral blood
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flow velocity is significantly lower in
patients with CSFP. Endothelial
abnormality appears to be a generalized
process affecting both coronary and
peripheral vasculature. Furthermore, in
intravascular ultrasound investigation,
Camsari et al. (32) found that there was a
significant correlation between coronary
intima-media thickness (IMT) and carotid
IMT.

In contrast, aortic distensibility and
aortic strain, another predictor of
subclinical atherosclerosis, were lower in
patients with CSFP. It is reasonable to
assume that early atherosclerosis is not
restricted to the coronary circulation but
also extends to large peripheral conduit
arteries in patients with CSFP (33). Wang
et al. (34) hypothesized that CSFP is not
an isolated local observation but may be
part of generalized vascular disturbance.
CSFP may be caused by the interplay
between local features coronary arteries
and systemic pathophysiologic factors.

Although a number of formal
definitions have been proposed, the CSFP
essentially consists of a delay in the
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progression of the contrast injected into
the coronary arteries during coronary
angiography. This condition, which may
affect one or all coronaries, was originally
described by. Since then it has been
accepted as an independent clinical
entity, which is called ‘CSFP’, ‘coronary
slow flow syndrome’ ‘syndrome Y’, or
“primary” coronary slow flow (35).

Importantly, ‘primary’ CSFP should
be distinguished from the delay in the
contrast progression in the context of
coronary reperfusion therapy such as
angioplasty or stenting for acute
myocardial infarction, or other
“secondary” causes of coronary slow flow.
These include coronary artery ectasia,
coronary artery spasm, valvular heart
disease, or connective tissue disorders
(36).

Incidence:

CSFP is observed in approximately
one percent of the patients undergoing
coronary angiography, especially in
patients presenting with acute coronary
syndrome (usually unstable angina). In the
Thrombolysis In  Myocardial Infarction
(TIMI)-IIA study, 4% of patients
presenting as unstable angina but with
normal/insignificant epicardial coronary
artery disease (CAD) showed impaired
angiographic filling suggestive of CSFP
(37). Mangieri et al. (38) reported an
incidence of 7% of this phenomenon in
patients suspected to have CAD, however
the documentation of slow flow was
visual without any objective criteria.

Pathogenic mechanisms:

The pathophysiological mechanisms
of CSFP remain uncertain. The coronary
circulation is traditionally considered as a
two-tier model. The first tier consists of
epicardial vessels, which are also referred
to as “conductance vessels” as these do
not pose any resistance to blood flow. The
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second compartment consists of “small
vessels” of <400 um (“resistive vessels”)
which primarily regulate myocardial blood
flow in the absence of any significant
obstructive epicardial stenosis (39).

The  coronary circulation is
traditionally considered as a two-
compartment model. The first
compartment consists of epicardial
vessels, which are also referred to as
“conductance vessels”, because they do
not pose any resistance to blood flow. The
second compartment consists of “small
vessels” of <400 um (“resistive vessels”),
which primarily regulate myocardial blood
flow in the absence of any significant
obstructive epicardial stenosis. Small
vessel dysfunction has been typically
involved in the pathogenesis of CSFP since
its first description (40).

Yaymaci et al. (41) investigated the
presence of stress-induced myocardial
ischemia in patients with CSFP by
measuring two metabolic indicators of
ischemia i.e. coronary arteriovenous
oxygen content difference and lactate
production. Although majority of patients
developed anginal pain with atrial pacing,
only few (17%) revealed evidence of
metabolic ischemia. Thus, angina pectoris
in most patients with CSFP does not
originate from myocardial ischemia as
demonstrated by metabolic parameters.

Sezgin et al. (42)reported evidence
of endothelial dysfunction in patients with
CSFP using simple method of measuring
flow-mediated vasodilation (FMD) of the
brachial artery. It has been suggested that
FMD is predominantly due to endothelial
release of nitric oxide (NO). There was a
strong and inverse relationship between
CTFC and percentage of FMD in patients
with CSFP thereby suggesting that
endothelial NO activity is impaired in
these patients.Sezginet al. (43)
demonstrated that baseline and peak
exercise endothelin-1 plasma
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concentrations were higher and nitric
oxide plasma concentrations were lower
in slow coronary flow patients. In
addition, patients with slow coronary flow
had raised level of plasma homocysteine
and asymmetric dimethylarginine, a nitric
oxide synthase inhibitor, both of which
have a detrimental effect on endothelial
function. Decreased adiponectin
concentrations and paraoxonase activity,
two significant markers of endothelial
dysfunction have also been shown to be
responsible for the etiopathogenesis of
CSFP (44).

Endothelin-1 (ET-1) and NO are
important molecules that modulate
vasodilatory response to stress (rapid
atrial pacing/exercise). Recently published
studies have highlighted the imbalance
between ET-1 and NO release in patients
with CSFP as compared to controls with
normal coronary flow.Furthermore, in
patients with CSFP, coronary sinus ET-1
levels also increased significantly as
compared to femoral artery ET levels.
Even correlation of ET-1 levels and intimal
thickness of coronary artery using IVUS
has been reported. It is possible that CSFP
results from imbalance of ET-1, a potent
vasoconstrictor leading to deregulation of
vascular tone even in the very early stages
of plaque formation (45).

Clinical manifestations:

CSFP is a frequent angiographic
observation, with a reported incidence of
1%-7% in patients undergoing diagnostic
angiography because of clinical suspicion
of cardiovascular disease. Clinically, this
phenomenon occurs most commonly in
young men and smokers, and patient
admitted with acute coronary syndrome
(36).

The clinical course is complicated,
with over 80% of patients experiencing
recurrent chest pain, most occurring at
rest, necessitating readmission to the
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coronary care unit in almost 20% of
affected patients. Most importantly,
coronary slow flow has been described to
be associated with life-threatening
arrhythmias and sudden cardiac death,
probably due to increased QTc dispersion
in these patients (33).

Further, Yilmaz et al.
(46)delineated the clinical and laboratory
features of CSFP compared to the control
subjects  without CSFP.  Metabolic
syndrome was more frequent in CSFP in
the presence of higher total cholesterol,
low-density lipoprotein-cholesterol,
fasting glucose and body mass index
levels. Ozcanet al. (47) observed that
insulin resistant states and impaired
glucose tolerance correlate with CSFP
occurrence. A common underlying
pathophysiologic mechanism of the
metabolic syndrome and CSFP may be
endothelial dysfunction.

Diagnosis and evaluation:

CSFP in coronary angiographic
studies was initially described subjectively
by visual judgement. A semiquantitative
assessment of coronary blood flow is the
thrombolysis in myocardial infarction
(TiMI) flow grade classification, which
reflects the speed and completeness of
the passage of the injected contrast
through the coronary tree (48). Currently,
by using CTFC as a quantitative index of
coronary flow, coronary angiography is
the only tool for the diagnosis and
assessment of CSFP. Yet, owing to its
invasiveness, this method does not permit
long-term clinical follow-up and dynamic
treatment evaluation. Recent advances of
transthoracic Doppler echocardiography
(TTDE) have enabled the non-invasive
demonstration of coronary flow patterns
in the left anterior descending (LAD)
coronary artery (40).
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Wang and Nie(49) measured
coronary flow in the distal LAD using TTDE
technique with a high success rate
(92.3%) (Figure 6). Patients with CSFP
exhibited lower coronary diastolic

CSFP group

velocities of LAD, which was negatively
correlated with CTFC (Figure 7). TTDE may
provide a useful tool for the monitoring of

treatment effect and long-term follow-up
for CSFP.

Control group

Figure (6): Representative echocardiographic images in the CSFP and control groups
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Figure (7): Correlations between corrected TIMI frame count (CTFC) of LAD and coronary
diastolic peak and mean velocities

Therapy:

There are no definite treatment
modalities for patients with CSFP.
Conventional antianginal therapy is of
limited value in the chronic management
in these patients. Nitrates are ineffective
as their biotransformation to active
metabolite is diminished due to deficiency
of required enzymes in coronary
microvessels as compared to larger
epicardial coronary arteries (21).
(50)observed
improvement in myocardial perfusion

Demirkol et al.
with  dipyridamole infusion  using
myocardial perfusion SPECT.

Long-term oral therapy with
dipyridamole was assessed by Kurtoglu et
al. (51) in an open-label fashion. Coronary
flow returned to normal levels in majority
of the vessels as adjudged by using CTFC.
This was accompanied with complete
relief from chest pain in two-third of
patients and decrease in symptoms in the
remaining.
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Conventional calcium L-channel
blockers (diltiazem/verapamil) are of
limited value in alleviating symptoms. This
is perhaps due to absence of voltage-
gated L-type calcium channels in
microvessels, as shown by Perez-Reyes
(52)in the animal models. Instead, the
microvascular tone may appear to rely on
other types of voltage-gated -calcium
channels, possibly of the T-type.

Beltrame et al. (53)assessed the
acute and long-term clinical benefits of
mibefradil in patients with CSFP by
exploring its beneficial effects on
microvessels. There was significant acute
angiographic improvement in coronary
flow indices with this drug. CSFP was
abolished in approximately threefourth of
the vessels at 30 min after the drug
intake. Interestingly, the improvement in
flow indices occurred primarily in vessels
with CSFP as compared to vessels with
normal epicardial flow.

www.neuroquantology.com

2130



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 2121-2134| DOI: 10.14704/NQ.2022.20.12.NQ77186
Mohamed Elawady / Overview of Coronary Flow Phenomenon in Patients with Acute Coronary Syndrome

In a randomized, double blind,
placebocontrolled, cross-over study, there
was substantial reduction in frequency of
angina by 56%, episodes of prolonged
angina by 74%, and sublingual nitrate
consumption by 59% along with
improvement in physical quality of life.
Since the drug has been formally
withdrawn, these observations may
stimulate further research with similar
molecules. A three-dimensional
pharmacophore model consisting of three
hydrophobic regions, one hydrogen bond
acceptor and one positive ionizable region
has been hypothesized for T-type calcium
channel blockers (54).

Thus, CSFP continues to intrigue the
clinicians. It appears to represent a
heterogeneous group of disorders. In
some, it may represent an early stage of
atherosclerosis with endothelial
dysfunction and in others, it may indicate
microvascular dysfunction or other
unknown disorders (55).

Despite good prognosis of CSFP
patients, the subsequent progress is
frequently characterized by remitting,
relapsing anginal episodes resulting in
considerable impairment in quality of life.
Unfortunately, currently available
antianginal agents are of limited clinical
value. It was shown that dipyridamole and
mibefradil,  which both influence
functional obstruction in arteries <200
pum, normalized CTFC but nitroglycerine,
which dilates arteries with diameters
>200 pum, did not. Importantly, statins
appear beneficial for patients with CSFP,
likely in part due to their anti-
inflammatory properties (56).

Guneset al. (57)demonstrated that
nebivolol can both improve endothelial
function and markedly ameliorate
symptoms, thereby improving quality of
life in patients with CSFP. Besides its beta-
receptor blocking activity, nebivolol can
cause endothelium-dependent

@
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vasodilatation through increased nitric
oxide release.

CONCLUSION:

It is challenging to draw a definite
conclusion about the impact of SCF on P
wave and QT interval given the numerous
effective electrocardiogram (ECQG)
components. However, it is established
that in individuals with acute coronary
syndrome and sluggish coronary flow
phenomena, QT interval and PWD are
related.
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