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No-reflow represents an important limitation of percutaneous coronary
intervention in patients with ST-elevation myocardial infarction.
Importantly, no-reflow is associated with an increased risk of major adverse

cardiac events. In this review, we discuss the pharmacological and non-
pharmacological interventions proposed for the prevention and treatment
of no-reflow, highlighting the new updates and evidences on efficacy of
these approaches.   
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INTRODUCTION

Percutaneous coronary intervention (PCI) is the best available

reperfusion strategy in patients with acute ST-segment elevation myocardial
infarction (STEMI). Its goal is to restore coronary blood flow and provide
tissue reperfusion, thus reducing myocardial infarct size. One of the most
important limitation of PCI is no-reflow (NR), a phenomenon consisting in
a not optimal myocardial reperfusion despite an effective epicardial
recanalization of the infarct-related artery. During the “primary PCI age”
NR has been shown to have an incidence of up to 30% according to several
reports [1].

In humans, pathophysiology of NR consists of the variable combination of
four components: 1) distal atherothrombotic embolization; 2) ischemic
injury; 3) ischemia/reperfusion injury; and 4) susceptibility of coronary
microcirculation to injury [2].

Diagnosis of NR can be made invasively or non-invasively. This
phenomenon can be diagnosed with angiography, using Thrombolysis in
myocardial infarction (TIMI) flow grade [3] and myocardial blush grade
(MBG) [4], or using a Doppler wire. After PCI, NR can be investigated by
electrocardiography, myocardial contrast echocardiography (MCE) or cardiac
magnetic resonance imaging (CMR), which is the diagnostic gold standard,
being able to quantify the phenomenon [1]. 

Coronary NR has been shown to increase the risk of cardiovascular events
and it has been associated with worse short- and long-term outcomes. This
prompted interventionalists to try to overcome this phenomenon using
various strategies.  However, clear guidelines on the management of NR are
still not available.

In this review, we discuss the pharmacological and non-pharmacological
interventions proposed for the prevention and treatment of
NR, highlighting the new updates and evidences on efficacy of these
approaches.   

RISK FACTORS AND OUTCOMES OF NO-REFLOW

Detection of patients at higher risk for NR before PCI may be beneficial
from the perspective of prevention and treatment of this

phenomenon. However, most of the conditions that have been associated
with NR overlap with well-known cardiovascular risk factors, such as older
age, male gender, arterial hypertension, smoking, diabetes mellitus and
dyslipidemia [5]. Unsuccessful myocardial reperfusion after primary PCI has
also been linked with Killip class ≥ 2, hypotension at admission, high
coronary thrombus burden, low TIMI flow grade before PCI and,
importantly, with delayed reperfusion [6,7], recalling the rule “ time is
muscle, time is outcomes”.

Indeed, NR has been linked with severe clinical outcomes [8,9]. A study
analysing 4329 patients with STEMI treated with PCI from a Korean
multicentre registry has shown that NR was associated with poor in-hospital
outcome and increased long-term mortality, mainly driven by increased
cardiac mortality [8]. Interestingly, a multicentre study comparing 17547
patients with good final coronary flow with 590 patients with transient and
144 patients with persistent NR confirmed these results showing that in-
hospital, 30-day all-cause and one-year all-cause mortalities were higher in
patients with persistent NR and with transient no-reflow compared with
patients with a normal flow, with the highest mortality occurring early (<30
days) in the persistent NR group (p<0.0001) [10]. 

PREVENTION AND TREATMENT 

Considering the well-established association between NR and severe adverse
outcomes, many efforts have been made by clinicians and researchers in
order to prevent and treat this unsolved PCI complication. 

Nevertheless, little progresses have been made in the management of NR,
with no treatment having been proved to be decisive for the prevention or
treatment of NR in clinical randomized controlled trials or observational
studies [7, 10,11]. 

In the context of management of NR different approaches can be identified,
pharmacological and non-pharmacological, that can be performed before,
during or after catheterization (Figure 1).
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Figure 1) current treatments to prevent or treat no reflow phenomenon in different time windows. RIPC: Remote Ischemic Pre-Conditioning; IC:
Intracoronary; IV: Intravenous; SNP: Sodium Nitroprussiate.

PHARMACOLOGICAL TREATMENT

 Adenosine

Adenosine, an endogen purine nucleoside with vasodilating and
antiplatelet properties, can has been shown to reduce intracellular calcium
overload and oxygen free radicals production [12,13]. Moreover, adenosine
has well-known negative chronotropic and dromotropic effects. The
AMISTAD [14] and AMISTAD-II trials [15], specifically designed to
investigate the role of adenosine in STEMI, showed a significant
improvement in ST-segment resolution (STR) with high-dose adenosine (70
mg/kg/min intravenously infused for 3 hours started before reperfusion)
when compared to placebo. However, there were no significant differences
in the primary endpoint of new congestive heart failure, re-hospitalization
for congestive heart failure or death from any cause at 6 months among the
two groups [14,15]. Nevertheless, in a post-hoc analysis of the AMISTAD II
study [16], adenosine was associated with better short- and long-term
mortality rates.

Interestingly, other studies were performed in order to investigate
differences in administration routes, timing and dosages. The REOPEN-
AMI trial [17] showed that high dose intracoronary (IC) adenosine
improved STR and enzymatic infarct size compared to placebo or sodium
nitroprusside in patients with STEMI [17]. On the opposite, the REFLO-
STEMI trial, comparing IC administration of adenosine with IC
nitroprussiate or placebo, did not find a significant reduction in infarct size
or microvascular obstruction (MVO) measured by CMR between the
experimental groups compared to placebo [18]. Moreover, there was a
significant increase in adverse cardiac events (HR 6.53, p value 0.01) in the
adenosine group compared with control, mainly driven by heart failure at
30 days (HR 5.39, p=0.04) and 6 months (HR 6.53, p=0.01).  Also Garcia-
Dorado et al. failed in demonstrating that IC administration of adenosine

prior to PCI can limit infarct size by CMR when compared to placebo in
patients with STEMI (20.8% vs. 22.5%, p=0.40) [19]. 

Several meta-analyses have been published on this regard in the last years,
confirming these conflicting results [20-24]. Polimeni et al. found that
adenosine was associated with a reduction in the incidence of heart failure
(RR=0.50; p=0.02) and both short- and long-term major adverse cardiac
events (MACE) (respectively, RR=0.62; p=0.04; RR=0.61; p=0.03) [23].
Other meta-analyses showed some benefits with adenosine in terms of post-
procedural coronary flow but did not show any benefits related to cardiac
function and clinical outcomes [20-22]. Interestingly, Bulluck et al.
published a meta-analysis of 13 RCTs (4273 patients) dividing them into 2
subgroups according to adenosine administration route: IC (8 RCTs) or
intravenous (5 RCTs). IC adenosine was associated with lower incidence of
heart failure (RR 0.44; p=0.005) and coronary NR (RR 0.68; p=0.04)
whereas, interestingly, there was no significant difference in heart failure
and NR between intravenously administered adenosine and placebo [24].

Despite controversial data, IC adenosine may have a role in the treatment
of NR, especially when administered IC, early and at high dosages. 

Calcium channel blockers

Some different calcium channel blockers, such as verapamil, diltiazem, and
nicardipine have been investigated to limit NR phenomenon. These
molecules are supposed to improve microvascular function and to prevent
arterial microvascular spasm. Small studies investigated their effects on
myocardial reperfusion after primary PCI, mostly studying final TIMI flow
grade; however, clinical implications of using calcium channel blocker
during primary PCI are still controversial or not investigated [25-27].
Rezkalla et al. retrospectively explored the effect of nicardipine, verapamil
and nitroprusside on coronary blood flow after primary PCI, finding that
pharmacologic therapy was equally effective in improving coronary flow in
terms of TIMI flow and MBG (both p value<0.0001) [11]. Furthermore,
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patients who received pharmacologic therapy were less prone to develop
clinical composite of congestive heart failure, cardiogenic shock or death as
compared with patients who did not receive calcium channel blocker (9%
vs. 23%) [11]. In RECOVER AMI trial, 102 STEMI patients with NR were
randomly treated with verapamil, diltiazem or nitroglycerine. This study
showed a significant improvement in final coronary flow with diltiazem or
verapamil compared to nitroglycerine [26]. Interestingly, an observational
study showed that IC injection of 100-200 γg verapamil immediately after
NR diagnosis improved final coronary flow reaching TIMI 3 in 21 of 25
patients (84%); adverse effects such as bradycardia and transient grade-II
sinoatrial block were registered, but all adverse effects were solved with
intravenous injection of atropine (Figure 2) [27].

A recent meta-analysis analyzing 8 RCTs including 494 patients showed that
IC verapamil and diltiazem injection is safe and significantly decreased NR
compared to control group (RR 0.3; p=0.0002) [28]. Also, an improvement
in wall motion abnormality and a reduction in 6-months MACEs were
found with verapamil and diltiazem. In 2017 a study investigating the effects
of verapamil or sodium nitroprusside (SNP) on MVO in 60 patients with
STEMI found that verapamil was associated with lower incidence of
angiographic MVO compared with SNP (13.3 vs. 40%; p=0.02), as well as
higher rate of STR ≥70% (33.3 vs. 6.7%; p=0.01). There was a trend
towards improved left ventricular ejection fraction with verapamil compared
to SNP (42.6 ± 4.9 vs. 40.4 ± 4.7%, p=0.09), but with similar wall motion
score index (1.43 ± 0.1 vs. 1.45 ± 0.2, p=0.14). Both groups had similar 30-
day MACEs (3.3 vs. 6.7%, respectively; P=0.55). Verapamil was associated
with lower incidence of hypotension compared with SNP (3.3 vs. 20%,
p=0.04) [29].

Huang et al. studied the efficacy of nicardipine administered by IC route at
the dose of 360–460 mg in 72 patients with NR, finding that 71 patients
improved TIMI flow grade with nicardipine from a mean of 1.65 to 2.97
(p<0.001)[30]. Furthermore more recently IC nicardipine has been
evaluated in 30 patients with chest pain and a coronary slow-flow
phenomenon, characterized by delayed coronary opacification during
diagnostic angiography in the absence of epicardial coronary artery disease.
IC nicardipine improved coronary flow with a significant reduction in
corrected TIMI frame count (CTFC) (47 ± 17 vs. 15 ± 5, p<0.001) [31]. Even
if data available in literature are still insufficient for definitive conclusions,
angiographical effects of calcium channel blockers in patients with NR are
very promising. Large randomized trials, including CMR and clinical
endpoints, are needed to confirm these positive observational results.

Nicorandil

Nicorandil is a dual-action potassium channel opener as well as nitric oxide
donor; it relaxes vascular smooth muscle through membrane
hyperpolarization, increasing transmembrane potassium conductance and
intracellular concentration of cyclic GMP; moreover it could regulate
plasma NO and endothelin-1 [32]. A recent meta-analysis of 14 RCTs found
that nicorandil administered prior to reperfusion in patients with STEMI
treated with primary PCI was associated with a significant reduction in the
rate of final TIMI flow grade ≤2 (p=0.0006), an increased left ventricular
ejection fraction (p=0.008) and a reduction in ventricular arrhythmia
(p=0.001) when compared with PCI alone[33]. Furthermore a randomized
study assessed the effect of nicorandil and anisodamine on the prevention
of NR after primary PCI. In total of 104 consecutive STEMI patients the
proportion of patients achieving TIMI flow grade 3 was significantly higher
in patients treated with anisodamine plus nicorandil than in the other
groups (p=0.014) [34]. An interesting recently published study randomized
120 STEMI patients to IC nicorandil (2 mg, IC at 2 mm beyond the
occlusion) or nitroprusside (200 μg, IC) or PCI alone [35]. As compared
with PCI, sodium nitroprusside and nicorandil significantly improved TIMI
flow grade (p<0.05), STR (p<0.05) and reduced the incidence of
angiographical NR (p=0.013) [35].

The effect of nicorandil administration distally to the thrombus during
primary PCI was also investigated in a recent randomized controlled trial
[36]. 170 STEMI patients underwent thrombectomy and tirofiban (10
μg/kg) injection distal to the culprit lesion and were randomized to
nicorandil or saline injection at the same site. The numbers of patients

achieving TIMI flow 3 was greater in the nicorandil group compared to
control group (95.24% vs. 86.05%; p=0.040). Freedom from MACEs was
92.9% in the nicorandil group and 81.4% in the placebo (p=0.026).
Ventricular arrhythmias occurred in 5.95% and 16.28% patients in the
nicorandil and control groups, respectively (p=0.032) [36].

These recent data support nicorandil as a possible pharmacological agent in
preventing and limiting NR phenomenon after primary PCI in patients
with STEMI. Early administration of nicorandil distal to the culprit lesion
during PCI in STEMI patients may reduce the incidence of reperfusion
injury and may improve short-term clinical outcomes.

Nitroprusside

Nitroprussiate is an iron and cyanide salt and direct donor of nitric oxide
(NO); it activates guanylate cyclase in the vascular smooth muscles cells
leading to intense vasodilation. In NR setting vasodilators are supposed to
improve microvascular function by preventing microvessel spasm and
regulating endothelial function. However, the already mentioned REFLO-
STEMI trial failed to demonstrate a reduction in infarct size or MVO with
250 γg IC SNP [18]. Another interesting study comparing IC SNP with
nicorandil in 49 patients with STEMI with NR showed that SNP was more
effective in reducing CTFC (SNP vs. NC: 0.88 ± 0.79, 0.37 ± 0.37, p=0.008;
0.59 ± 0.23, 0.36 ± 0.27, p=0.003, respectively) [37]. Furthermore, a study
investigating the effects of tirofiban plus SNP versus tirofiban alone in 162
consecutive patients with STEMI, found better angiographical and
electrocardiographical parameters of myocardial reperfusion in patients
treated with IC SNP compared to control group (CTFC 23 ± 7 vs. 29 ± 11,
p<0.001; STR 72.5% versus 55.9%, p=0.040) [38].

A recent meta-analysis highlighting the effect of IC SNP on myocardial
reperfusion and clinical outcomes in STEMI patients undergoing PCI
showed that IC SNP was associated with a significant reduction in the
incidence of TIMI flow grade ≤ 2 (RR 0.47; p=0.001) and MACEs (RR
0.43; p=0.001); no significant difference in STR was noted [39]. However, a
recent, single-center retrospective study found that thrombus aspiration was
associated with a better final TIMI flow compared with early administration
of IC SNP, without any difference in short- and long-term MACEs between
groups [40]. A recent trial randomized patients with STEMI by
administering no SNP (n=40), SNP before balloon dilatation (n=40) or SNP
after each balloon dilatation and before contrast agent refilling (n=40)
during primary PCI [41]. Angiographical final result was better in patients
receiving SNP compared to control group (TIMI grade 3: p=0.025); in
particular, the incidence of TIMI grade 3 was higher in patients treated with
repeated administration of SNP compared to early SNP administration
(p=0.045).

Results from studies investigating the effects of SNP on myocardial
reperfusion during primary PCI are conflicting and non-conclusive. In
particular, small RCTs reported some promising results (especially with IC
administration) that request confirmations from larger randomized studies.

Other pharmacological interventions

Efficacy of several others drugs have been investigated to prevent or treat
NR.

Antiplatelet drugs were suggested to be potentially effective in preventing
NR, eventually by reducing distal thrombus embolization. Interestingly, a
recent study conducted in 140 STEMI patients highlighted that platelet
reactivity level, estimated with VerifyNow® assay measured during PCI, is
independently associated with NR: mean platelet reactivity was higher in
patients with NR compared with patients with effective myocardial
reperfusion (268.3 ± 53 vs. 223.8 ± 50.1 reaction units, p=0.002) [42].

A meta-analysis including 14 RCTs and 1 observational study investigated
the effect of preoperative loading dose ticagrelor and clopidogrel in patients
with STEMI undergoing PCI and showed that the incidence of NR (I2=0%,
95% CI: 0.15, 0.39, p<0.05), in CTFC (I2=0%, 95% CI:
-8.89,-6.91, p<0.05) and the incidence of MACE (I2=19%, 95% CI: 0.41,
0.82, p<0.05) were reduced with ticagrelor as compared to clopidogrel,
without an increase in bleeding events [43].
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Among antiplatelet agents, also glycoprotein IIb/IIIa inhibitors were
investigated for the treatment of NR. IC administration of tirofiban in 162
STEMI patients undergoing PCI was associated with higher TIMI flow
grade (p<0.001) and lower in-hospital MACEs incidence (p<0.013)
compared to placebo [44].

A study from McCartney et al. published in 2019 showed that low-dose IC
alteplase (both 10 mg and 20 mg) did not reduce MVO compared to
placebo in 440 patients with STEMI treated with primary PCI [45].

Even if only retrospective data are available, IC epinephrine demonstrated
to be effective in restoring TIMI flow 3 in 75% of patients with NR [46]. In
that very small study (12 patients with NR) epinephrine was well tolerated,
but larger studies are needed to confirm those results.

Liraglutide, a glucagon-like peptide-1 (GLP-1), seems to exert a
cardioprotective effect during ischemia/reperfusion injury. In a recent
randomized controlled study liraglutide reduced the prevalence of NR (5%
vs. 15%, p=0.01) compared to placebo in a total of 284 patients with
STEMI undergoing PCI [47]. Interestingly, it was associated with a
significant reduction in serum high-sensitivity C-reactive protein levels 6
hour after reperfusion; however, no differences were observed in short-term
MACEs. The intriguing cardioprotective effect of liraglutide was also
suggested by another study showing the association between liraglutide and
a significant improvement in left ventricular ejection fraction 3 months
after reperfusion [48]. However, despite these enthusiastic initial studies,
larger studies are required to confirm this potential treatment area for this
hypoglycemic drug.

THROMBUS ASPIRATION

Manipulating plaque area with balloons and stents during primary PCI
often results in thrombus distal embolization, which may contribute to the
development of NR. Thrombus aspiration (TA) devices have been
developed to remove thrombi from coronary arteries, thus reducing
thrombus load and distal embolization. However, some recent studies
showed no benefit on clinical outcomes of routine thrombus aspiration
during primary PCI with some safety concern regarding an increased risk of
stroke [49-52]. For this reason ESC and ACC/AHA guidelines relegate to
class III indication routine aspiration strategy, which could be considered in
the presence of large thrombus burden [53,54].

Data on efficacy of manual thrombectomy in preventing NR are conflicting.
In the TOTAL trial that randomized patients to manual thrombectomy
versus PCI alone, the rate of STR was lower in the thrombectomy group
(28% vs. 30.2%, p<0.001); however, the two groups showed the same rate of
final TIMI flow 3 (p=0.12) [55]. Interestingly, a recent study including 295
patients undergoing TA during primary PCI showed that the effective
retrieval of visible aspiration material was associated with a reduction of NR
(p<0.001) as compared with TA without visible thrombus material [56], thus
suggesting a possible role of TA in the management of NR in the presence
of large thrombus burden.

Furthermore, the JETSTENT study, including STEMI patients with
angiographic evidence of large thrombus burden, demonstrated an
improvement in STR with Angiojet mechanical thrombectomy device
compared to PCI alone [57]. Of note, the use of Angiojet was associated
with a reduction in 1-year MACEs (14.9% vs. 22.7%).

Aspiration strategies are not attractive for routine use during primary PCI
due to the lack of clinical benefit and the controversial effects on
myocardial reperfusion. However, the abovementioned recent data suggest a
possible role of TA in the prevention and treatment of NR in patients with
STEMI in the presence of high thrombus burden.

MECHANICAL POSTCONDITIONING

In addition to pharmacological treatment and thrombus aspiration,
conditioning strategies have been proposed to optimize myocardial
reperfusion and reduce myocardial infarct size. Bøtker et al. investigated the
effects of remote ischaemic conditioning before hospital admission in
patients with suspected STEMI [58]. Their protocol consisted in applying
three 5-min cycles of brief ischaemia and reperfusion of the upper arm and
resulted in an increased in myocardial salvage in the conditioning group
compared to control group (p=0.033). Moreover, remote ischaemic pre-
conditioning (RIPC) showed to improve STR when added to morphine
before primary PCI [59]. Crimi et al. investigated the effect of RIPC in
patients with STEMI after the demonstration of left anterior descending
artery in patients with anterior STEMI [60]. Remote conditioning,
consisting of 3 cycles of 5-min ischemia/reperfusion of the lower limb by
cuff inflation/deflation at the time of primary PCI, was effective in
reducing enzymatic infarct size, improving T2-weighted edema volume by
CMR and STR as compared with PCI alone [60].

Despite RIPC gave these promising results, post-conditioning, consisting in
a series of brief coronary re-occlusion/reperfusion before the final arterial
re-opening, showed conflicting results. A recent randomized controlled trial
including patients with STEMI and basal TIMI flow 0 or 1, failed to
demonstrate an improvement in clinical outcome in the experimental arm
compared to conventional PCI [61]. In particular, post-conditioning did not
reduce infarct size, myocardial salvage index and the extent of MVO; the
rates of final TIMI flow 3 and STR were similar in both groups [61].
However, a study by Traverse et al. showed an association between post-
conditioning and an improvement in left ventricular remodeling and MVO
by CMR 1 year after primary PCI in patients with STEMI [62].

Conditioning strategies aim at reducing ischemic and ischemia/reperfusion
injury and several mechanisms, including both humoral and neural factors,
may be involved in cardioprotective effect of conditioning [63]. The
currently available conflicting results and the absence of a standardized
conditioning protocol should prompt investigators to perform larger,
powered studies to define the cardioprotective effect of conditioning in
patients with STEMI.
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Figure 2) Thrombus aspiration may be a reasonable therapeutic option when high thrombus burden is present. In case of failure of the mechanical
procedures, or with a low thrombus burden, pharmacological strategy should be considered according to TIMI flow. TIMI: Thrombolysis in Myocardial
Infarction flow grade.

CONCLUSION

The NR phenomenon represents an unsolved problem that reduces the
benefits of primary PCI in patients with STEMI. Of importance, NR
increases the risk of future cardiovascular events and it has been associated
with worse clinical outcomes. NR pathophysiology comprises several
mechanisms and different preventive and therapeutic strategies, both
pharmacological and mechanical, have been tested in the past. Nevertheless,
still no standard protocol have been widely validated and no therapy aimed
at reducing the rate of NR is clearly linked with improved clinical
outcomes. For these reasons, clear recommendations for the treatment of
NR are lacking. Reducing myocardial ischemic time represents the best way
to prevent the occurrence of NR. However, when this phenomenon has
already occurred, taking into account the promising results of some
abovementioned studies, it could be suggested that thrombus aspiration
may be a reasonable therapeutic option when high thrombus burden is
present, whereas thereafter the choice of a pharmacologic strategy, such as
IC adenosine, should be personalized according to coronary TIMI flow.
Nevertheless, the reduction of ischemic and ischemia/reperfusion injuries
with NR remains an unsolved problem and further studies are warranted to
better understand the effectiveness of the different therapeutic approaches
in terms of net clinical benefit.
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