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Abstract

Background: Currently, no pharmacological or device-based intervention has been fully
proven to reverse the no-reflow phenomenon.

Objectives: To assess the efficacy and safety of intracoronary (IC) epinephrine in the
management of no-reflow phenomenon following percutaneous coronary intervention (PCI),
either as first-line treatment or after the failure of conventional agents.

Design: Systematic review.

Data sources and methods: PubMed and Scopus databases were systematically searched
up to 28 May 2022, with additional manual search on the Google Scholar and review of the
reference lists of the relevant studies to identify all published studies. Cohort studies, case
series, and interventional studies written in English which evaluated the efficacy and safety of
IC epinephrine in patients with no-flow phenomenon were included in our review.

Results: Six of the 646 articles identified in the initial search met our inclusion criteria. IC

epinephrine was used either as a first-line treatment [two randomized clinical trials (RCTs]] or

after the failure of conventional agents (two cohort studies and two case series) for restoring
the coronary flow, mainly after primary PCI. As first-line therapy, IC epinephrine successfully
restored coronary flow in over 90% of patients in both RCTs, which significantly outperformed
IC adenosine (78%) but lagged behind combination of verapamil and tirofiban (100%] in

this regard. In the refractory no-flow phenomenon, successful reperfusion [thrombolysis

in myocardial infarction (TIMI] flow grade = 3] was achieved in three out of four patients

after the administration of IC epinephrine based on the results from both case series. Their
findings were confirmed by a recent cohort study that further compared IC epinephrine with
IC adenosine and found significant differences between them in terms of efficacy [% TIMI flow
grade 3: (69.1% versus 52.7%, respectively; p value = 0.04]] and 1-year major adverse cardiac
event (MACE) outcomes (11.3% versus 26.7%, respectively; p value <0.01). Overall, malignant
ventricular arrhythmias were reported in none of the patients treated with IC epinephrine.
Conclusion: Results from available evidence suggest that IC epinephrine might be an effective
and safe agent in managing the no-reflow phenomenon.
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Introduction

Coronary no-reflow phenomenon, a state of myo-
cardial tissue hypoperfusion despite patent epi-
cardial coronary artery, continues to be a
challenging complication encountered by inter-
ventionists in percutaneous coronary intervention
(PCI).1»2 No-reflow is thought to be a frequent
but underestimated condition after both elective
and infarct-related PCI.2

If not timely resolved, no-reflow can result in
larger infarct area and significant left ventricular
(LV) systolic dysfunction, worsening in-hospital
and long-term prognosis.*

Although several pharmacologic agents and
device-based strategies have been proposed to
reverse coronary no-reflow, none have received
solid approval.! In current practice, vasodilators
adenosine, nitroprusside, verapamil, and nicardi-
pine are commonly used in managing no-reflow
phenomenon.! However, they are ineffective in
restoring coronary flow in a substantial number of
patients (refractory no-reflow phenomenon); fur-
thermore, their use is limited by hypotension, a
major consequence of the no-reflow.>

Epinephrine can mediate coronary vasodilatation
at lower doses and increase inotropic and chrono-
tropic stimulation of the myocardium through
activating beta receptors.® Hence, previous stud-
ies have attempted to identify if intracoronary
(IC) epinephrine could be considered as a poten-
tial solution to refractory coronary no-reflow dur-
ing PCIL.7-10

Also, recent studies have provided evidence for
using IC epinephrine as first-line therapy in the
no-reflow phenomenon management.%11

We conducted a systematic review of available
evidence to assess IC epinephrine’s clinical effi-
cacy and safety in treating patients suffering from
no-reflow following PCI, as a first-line treatment,
or after the failure of current conventional agents.

Method

We followed a standardized methodology and
reported the results according to the Preferred
Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines. As a sys-
tematic review of current literature, our study was
exempt from institutional ethics committee

approval. We included all eligible studies assess-
ing the efficacy and safety of IC epinephrine in
treating the no-reflow phenomenon as first-line
therapy or in the case of refractory conditions.

Search

We performed a comprehensive systematic search
of online databases, including PubMed and
Scopus, on 28 May 2022, using a combination of
the key terms in two domains:

(1) Epinephrine and (2) no-reflow phenomenon.

We also manually screened reference lists of rele-
vant articles and the first 100 pages of the Google
Scholar survey for any additional eligible
citations.

We imported all retrieved articles into EndNote
X9 software (version EndNote X9.3.2, Captivate
Analytics, CA, USA) and removed duplicates.

Selection criteria

We included all interventional and case series/
cohort studies on the efficacy and safety of the IC
epinephrine in patients with no-reflow phenome-
non after PCI. We included studies that met all
following eligibility criteria:

p—t

. Written in English.

2. Included patients
phenomenon.

3. IC administration of epinephrine (and
comparison agents), as a first-line treat-
ment or after the failure of conventional
treatments.

4. Performed on human subjects.

with no-reflow

Two independent researchers (P.S. and A.T.)
screened the retrieved articles’ titles, abstracts,
and full texts for these criteria. In addition, a third
author’s opinion (H.R. or S.Y.) resolved any con-
flict of opinion.

Data collection

We identified six articles that assessed the efficacy
and safety of IC epinephrine in treating the no-
reflow phenomenon. Three of our researchers
(E.J.A., P.S., and A.T.) collected the following
data from the included articles into a ‘data extrac-
tion form’ produced using Microsoft Excel
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(version 2016, Microsoft Corp., Redmond, WA,
USA) and Microsoft Word (version 2016,
Microsoft Corp., Redmond, WA, USA): author’s
name, year of study, country, % of primary PCI
(PPCI), study design, comparison groups and
interventions, sample size, patient’s age, sex,
baseline angiographic findings, culprit coronary
vessels, and short- and long-term outcomes.

Risk of bias assessment

Two of our researchers (E.J.A. and A.T.) assessed
the quality of included studies independently
using the CONSORT appraisal tool adapted for
clinical trials studies!? and the Newcastle-Ottawa
scale appraisal tool adapted for observational
studies.!314 Qur third researcher (H.R. or S.Y.)
resolved any disagreements. The CONSORT
appraisal tool contains 25 items with a total score
ranging from 0 to 25, and the Newcastle-Ottawa
scale appraisal tool has eight items with a total
score ranging from 0 to 9.

Result

Study selection

We identified 646 articles in the initial search.
After removal of duplicates (z=116) and exclud-
ing ineligible articles (title / abstract: n =498, full-
text: n=28) and addition of two citations from
the Google Scholar survey, six articles met our
inclusion criteria; included studies focused on
efficacy and safety of IC epinephrine as a first-line
treatment (n = 2)%!! or after failure of other con-
ventional agents (n=4)7"10 for the treatment of
patients with no-reflow phenomenon. Studies
were conducted in Egypt (= 2), Poland (n=1),
Pakistan (n=1), the United States (z=1), and
Turkey (z=1) (Table 1). The screening and
selection process is presented in Figure 1. The
quality score of included studies are reported in
Supplementary Table 1. Angiographic character-
istics of included studies are reported in
Supplementary Table 2.

IC epinephrine as a first-line treatment

Two studies were randomized clinical trials
(RCTs) with a parallel design but different com-
parison groups, including verapamil, adenosine,
and the current standard treatment (tirofiban, a
glycoprotein IIb/IIla inhibitor) (Tables 1 and 2).

Hafez ez al.'' conducted the first study in 2021;
they compared the efficacy of IC epineph-
rine + tirofiban (25 mg/kg) with verapamil +
tirofiban (25 mg/kg) and tirofiban alone (25 mg/
kg and maintenance dose 0.15 mg/kg/min) in
patients with no-reflow following PPCI. Based on
their findings, 100% of patients in the compari-
son groups but 92% of those in the epinephrine
group achieved a thrombolysis in myocardial
infarction score (TIMI) 3 flow grade (TFGQG)
(p value=0.016).

A higher proportion of patients in the verapamil
group had myocardial blush grade (MBG) 2 and
3 (60%) in comparison with those in tirofiban
(46%) and epinephrine groups (38%) (p value =
0.003). In addition, a greater improvement in sys-
tolic LV function was observed in the verapamil
group [mean (standard deviation (SD)
change = 19.6% (29.5)] compared with tirofiban
[10.1% (10.7)] and epinephrine groups [9.2%
(16.6)] at 3 months follow-up (p value =0.021).

Khan er al.® compared the efficacy and safety of
IC epinephrine with adenosine for the treatment
of the no-reflow phenomenon, mainly after PPCI.
They found that patients in the epinephrine group
experienced more frequently TFG =3 (90% wver-
sus 78%, respectively) and MBG =3 (55% versus
45%, respectively). They also had a lower cor-
rected TIMI frame count (cTFC) [mean
(SD) =24.0 (8.4) wersus 26.6 (9.2), respectively;
p value=0.036]. Two groups were similar in
terms of in-hospital and short-term major adverse
cardiac events (MACEs). None of the patients
who received epinephrine experienced ventricular
fibrillation (VF). At the 30-day follow-up, a lower
percentage of patients treated with epinephrine
had LVEF <40% compared with the adenosine
group (59% wversus 77%, respectively; p value =
0.006).

IC epinephrine for the treatment of the

refractory no-reflow phenomenon

A total of four studies (including two cohort stud-
ies and two case series) retrospectively assessed
the short- and long-term efficacy and safety of IC
epinephrine in the management of no-reflow phe-
nomenon following PPCI (N = 3) or elective PCI
(N=1) (Tables 1 and 2). The definition of refrac-
tory no-reflow varied among the studies
(Supplementary Table 3).
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PubMed Scopus
may,28th,2022 may,28th,2022
209 Citation(s) 437 Citation(s)

N

530 Non-Duplicate

Citations Screened

y
Title/Abstract screening 498 r,\n fcles Factuded
After Title/Abstract Screen

A

32 Articles Retrieved for full text review

Inclusion/Exclusion

Criteria Applied 2) Review articles n:8

28Articles excluded after Full-text screening
1) Not written in English n:1

3) Not fulfilled our inclusion criteria n:19

Two additional citations included from the Google scholar survey and Reference list screening

A

6 Articles Included

Figure 1. PRISMA flowchart diagram.

The first cohort study was conducted by Navarese
et al.? in 2020; this study compared the safety and
efficacy of IC epinephrine with conventional
treatments alone (nitrates, thrombectomy, glyco-
protein IIb/IIIa inhibitors, and adenosine) in
patients with no-reflow after PPCI. The rate of
successful reperfusion (TFG 2 and TFG 3) was
higher in the IC epinephrine group (TFG
3=28.6%, TFG 2 = 64.3%) than in no-epineph-
rine group (TFG 3=18.8%, TFG 2=12.5%; p
value = 0.004). Patients treated with IC epineph-
rine experienced a lower rate of 30-day MACE
(death and heart failure) in comparison with
those in the no-epinephrine group [35.7% (5/14)
versus 81.3% (13/16), respectively; pvalue = 0.01].
However, this study lacked information on in-
hospital adverse outcomes (Table 2).

Darwish er al.8 conducted the second cohort study
in 2022 and found that a higher percentage of
patients who were treated with IC epinephrine
achieved successful reperfusion (TFG=3) com-
pared with those with IC adenosine (69.1% versus
52.7%, respectively; p value =0.04). During hos-
pitalization, sustained ventricular tachycardia was
observed in one of the patients in the epinephrine
group. MACE, including heart failure, stroke, or
death, was less frequently observed in epinephrine
group compared with adenosine group, in-hospital

(7.4% wversus 10.7%, respectively; p value = 0.477)
and at l-year follow-up (11.3% wversus 26.7%,
respectively; p value<0.01) (Table 2).

In addition, Skleding ez al.1° reported a case series
of 29 consecutive patients with refractory no-
reflow following elective (n=7) or primary
(n=22) PCI who were treated with IC epineph-
rine. They observed that epinephrine resolved no-
reflow (TFG 3) in 69% of cases (»p<<0.001);
mean (SD) TIMI flow increased from 1.0 (1.0) to
2.66 (0.55) (p<<0.001). In-hospital death
occurred in one patient during the episode of no-
reflow phenomenon. However, epinephrine-
related dysrhythmia was detected in none of their
study population. Similarly, Aksu ez al.” reported
a retrospective case series of 12 patients with
refractory no-reflow following PPCI who received
IC epinephrine. Based on their finding, IC epi-
nephrine successfully restored coronary flow
(TFG 3) in 9 of 12 patients. Following adminis-
tration of IC epinephrine, mean TFG increased
from 1.33 (0.49) to 2.66 (0.65) and mean TFC
decreased from 56 (10) to 19 (11) (both p values <
0.001). However, in-hospital death occurred in
one patient. In terms of safety, sustained ventric-
ular tachycardia following administration of IC
epinephrine was observed in none of the cases
(Table 2).
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Discussion

Based on limited available evidence, IC epinephrine
has shown promising efficacy and safety in manag-
ing the no-reflow phenomenon, either as a first-line
treatment or after the failure of conventional agents.
As a first-line treatment, Khan er al.® reported that
IC epinephrine compared with IC adenosine
showed a higher efficacy in resolving the no-reflow
phenomenon. However, Hafez er al.!! noted that IC
verapamil and the current standard therapy might
be better than IC epinephrine to manage the no-
reflow phenomenon. Furthermore, observational
studies found that IC epinephrine was effective and
without serious complications in treating most cases
with the refractory no-reflow phenomenon.”-10

The main purpose of managing the no-reflow
phenomenon is to improve microcirculatory coro-
nary blood flow, resulting in minimized myocar-
dial damage and improved clinical outcomes. IC
adenosine, nitroprusside, verapamil, and nicardi-
pine are IC vasodilators commonly used in the
treatment of coronary no-reflow. Even though
these agents could be therapeutic in many patients,
they are not always successful. Furthermore, their
use can accelerate hypotension which is induced
by the no-reflow phenomenon.

Epinephrine is an adrenergic agonist and can
potentially treat the no-reflow phenomenon by
stimulating beta receptors; at a lower dose, it pre-
dominantly has a beta-2 agonist effect and vasodi-
lates arteries. On the contrary, epinephrine
induces inotropic and chronotropic effects on the
myocardium through stimulating beta-1 recep-
tors, leading to improved cardiac output.

Skelding ez al.1° first described IC epinephrine as
a treatment of choice in treating the refractory no-
reflows in 2002; they provided evidence of the
potential efficacy and safety of IC epinephrine,
and later studies supported their findings.

Recently, two RCTs assessed the efficacy and
safety of IC epinephrine in treating the no-reflow
as a first-line agent. Khan ez al.® found a higher
short- and long-term efficacy and safety of IC epi-
nephrine in comparison with IC adenosine. In
another study, Hafez er al!! reported that IC
verapamil and tirofiban (glycoprotein IIb/IIIa
inhibitor) were superior to IC epinephrine in this
regard. However, they failed to provide informa-
tion on the comparability of groups regarding the
baseline angiographic features. In contrast to

Hafez ez al. study, Yassin ez al.1> observed that IC
epinephrine had higher efficacy than verapamil in
preventing no-reflow during PPCI.

One of the main concerns in using epinephrine is
its arrhythmogenic effects which may lead to
death. Still, none of the included studies reported
malignant arrhythmias in patients treated with IC
epinephrine.

Limitations

Included studies were inconsistent in terms of
design, eligibility criteria, comparison interven-
tions, follow-up periods, and applied definition of
outcomes, which all may result in different find-
ings, preventing the pooling of data. In addition,
some of the included studies failed to provide infor-
mation on baseline angiographic examination.
Only two RCTs examined the use of IC epineph-
rine as a first-line treatment for the no-reflow phe-
nomenon. Furthermore, all available studies
assessing its efficacy and safety for managing refrac-
tory cases were observational studies. Nevertheless,
our systematic-review study includes a comprehen-
sive and reproducible search strategy.

Conclusion

Based on the available literature, IC epinephrine
might be considered as an effective and safe option
to reverse the no-reflow phenomenon, either as a
first-line or the failure/contraindications of conven-
tional IC vasodilators. RCTs with a larger sample
size are required to confirm the current evidence.
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