
Rev. Cardiovasc. Med. 2025; 26(2): 24065
https://doi.org/10.31083/RCM24065

Copyright: © 2025 The Author(s). Published by IMR Press.
This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Systematic Review

Adenosine as an Adjunctive Therapy for Acute Myocardial Infarction
Undergoing Primary Percutaneous Coronary Intervention: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials
Xue-Mei Feng1,†, Wen-Hui Zhang2,†, Jia Liu3,*
1School of Basic Medical Sciences, Shanghai Jiaotong University, 200025 Shanghai, China
2Department of Digestive Oncology, Baotou Cancer Hospital, 014030 Baotou, Inner Mongolia, China
3School of International Pharmaceutical Business China Pharmaceutical University, 210009 Nanjing, Jiangsu, China
*Correspondence: liujia0918@163.com (Jia Liu)
†These authors contributed equally.
Academic Editor: Stefano De Servi
Submitted: 26 April 2024 Revised: 9 June 2024 Accepted: 21 June 2024 Published: 12 February 2025

Abstract

Background: Adenosine administration can improve coronary blood flow in patients undergoing primary percutaneous coronary inter-
vention (PCI); however, the therapeutic effects of adenosine on ST resolution and major adverse cardiovascular events (MACEs) after
PCI remain unclear. This study aimed to assess the therapeutic effects of adjunctive adenosine administration on patients with acute my-
ocardial infarction (AMI) undergoing PCI using a meta-analytic approach. Methods: We conducted a systematic search across PubMed,
Embase, and the Cochrane Library to identify eligible randomized controlled trials (RCTs) published from inception through to March
2024. Primary outcomes included ST resolution and MACEs. The pooled analyses were all conducted using the random-effects model.
Additionally, exploratory analyses were carried out through the application of sensitivity and subgroup analyses. Results: Twenty-one
RCTs involving 2467 patients with AMI were selected for the meta-analysis. Adenosine significantly increased the incidence of ST res-
olution (relative risk [RR]: 1.30; 95% confidence interval [CI]: 1.15–1.46; p < 0.001), while it significantly reduced the risk of MACEs
(RR: 0.67; 95% CI: 0.51–0.87; p = 0.003). Moreover, the use of adenosine was associated with reduced incidences of no reflow (RR:
0.35; 95% CI: 0.24–0.52; p< 0.001) and myocardial blush grade (MBG) 0 to 1 (RR: 0.75; 95% CI: 0.58–0.99; p = 0.041). Furthermore,
adenosine significantly reduced the risk of heart failure (RR: 0.66; 95% CI: 0.44–0.99; p = 0.044). Finally, adenosine use was associated
with a lower creatine kinase-MB (CK-MB) peak value (weighted mean difference: –36.94; 95% CI: –73.76– –0.11; p = 0.049). Conclu-
sions: This study revealed that adenosine use was associated with an increased incidence of ST resolution, and reduced risk of MACEs.
The INPLASY registration: INPLASY202510051, https://inplasy.com/inplasy-2025-1-0051/.
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1. Introduction
Cardiovascular disease (CVD) has contributed to a

major burden on global health, and deaths related to CVD
have increased during the past three decades [1]. Cardiac
mortality is predominantly attributed to coronary artery dis-
ease, notably acute myocardial infarction (AMI), and the
ensuing complications. AMI arises from severe and pro-
longed ischemia or necrosis of the myocardium, with resul-
tant clinical complications such as heart failure, cardiogenic
shock, arrhythmias, cardiac arrest, and mechanical issues
affecting the heart’s function [2,3]. Platelet adherence, ac-
tivation, and aggregation on the injured thrombotic surface,
triggered by coronary plaque fissures, erosions, or ruptures
entering the bloodstream, are intimately tied to the advance-
ment of thrombotic processes and lead to vascular stenosis
or blockage. Therefore, the ischemic myocardium can be
improved by restoring blocked coronary blood flow after
AMI [4].

Currently, emergency or elective percutaneous coro-
nary intervention (PCI) is widely used for revascularization
in patients with AMI [5]. The severity of ischemic injury
and cardiac function could improve in patients who receive
early reperfusion by primary PCI, and the mortality risk is
significantly reduced [6–8]. However, the prevalence of
the no reflow phenomenon for patients treated with primary
PCI remains high (range, 5%–50%) and is associated with
poor clinical outcomes and mortality; therefore, additional
preventive strategies should be identified [7,9,10]. Because
the no reflow phenomenon has a multidimensional patho-
physiology, various strategies have been introduced in clin-
ical practice for primary PCI, including preprocedural med-
ication and intracoronary agents [11–13].

Adenosine is an endogenous purine nucleoside that
can inhibit neutrophil activation and platelet aggregation,
prevent endothelial damage, and dilate the coronary ves-
sels, which is widely used in clinical practice to prevent and
improve the no reflow or slow reflow phenomenon. The
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no-reflow phenomenon typically occurs at the microvascu-
lar level, where even after successful reperfusion of larger
vessels, microvascular damage and spasm can still restrict
blood flow. Adenosine, by directly dilating microvessels,
alleviates microcirculatory impediments, facilitating effec-
tive reperfusion of myocardial cells, and thereby reducing
the incidence of no-reflow or slow-reflow [14,15]. Numer-
ous studies have investigated the efficacy and safety of in-
travenous and intracoronary administration of adenosine for
patients with AMI undergoing PCI. However, these studies
reported inconsistent results because of their various routes,
doses, and methods of detecting no reflow. Therefore, the
current systematic review andmeta-analysis was performed
to update the efficacy and safety of adenosine for patients
with AMI undergoing PCI. Moreover, exploratory analyses
were also performed to explore any potential therapeutic ef-
fects of adenosine for patients with AMI undergoing PCI.

2. Methods
2.1 Data Sources, Search Strategy, and Selection Criteria

This systematic review and meta-analysis were con-
ducted according to the guidelines outlined in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses Statement [16]. Eligibility for inclusion in our
study were randomized controlled trials (RCTs) examining
the use of intravenous or intracoronary adenosine adminis-
tration in AMI patients undergoing PCI, with no limitations
imposed on the publication language or status. PubMed,
Embase, and the Cochrane Library were systematically
searched for eligible RCTs published through March 2024.
The search terms used were (“adenosine”) AND (“primary
percutaneous coronary intervention” OR “ST elevation my-
ocardial infarction” OR “primary PCI” OR “acute myocar-
dial infarction” OR “no Reflow”). We searched the web-
sites of ClinicalTrials.gov (United States National Institutes
of Health) to identify trials that had been completed but not
yet published. Furthermore, the reference lists of the origi-
nal and review articles were manually reviewed to identify
additional studies that met the criteria. Study selection was
performed based on the medical subject heading, study de-
sign, patient population, intervention, control, and outcome
variables.

Two reviewers independently carried out the literature
search and study selection employing consistent methodol-
ogy. Any disagreements between the reviewers were re-
solved through team discussions until a mutual agreement
was achieved. The criteria for including studies in our anal-
ysis were as follows: (1) patients: AMI and undergoing
PCI; (2) intervention: intravenous or intracoronary admin-
istration of adenosine; (3) control: placebo as the control;
(4) outcomes: the primary outcomes including ST reso-
lution and major adverse cardiovascular events (MACEs),
while the secondary outcomes including no reflow, myocar-
dial blush grade (MBG) 0 to 1, all-cause mortality, cardiac
death, thrombosis, reinfarction, heart failure, advanced atri-

oventricular (AV) blocks, hypotension, ventricular tachy-
cardia (VT)/ventricular fibrillation (VF), bradycardia, cre-
atine kinase-myocardial band (CK-MB) peak value, and left
ventricular ejection fraction (LVEF); (5) study design: the
study had to have an RCT design.

2.2 Data Collection and Quality Assessment
The information extracted from the eligible RCTs in-

cluded the first author’s surname, publication year, coun-
try, sample size, age, male proportion, hypertension pro-
portion, proportion with diabetes mellitus (DM), propor-
tion of smokers, setting, definition of ST resolution, route
of adenosine, intervention, ischemic time to therapy, out-
come definition (MACE definition), follow-up duration,
and reported outcomes. The quality of the methodologies
employed in the included trials was evaluated utilizing the
Cochrane Risk of Bias tool [17]. Data extraction and eval-
uation of study quality were executed separately by two re-
viewers. In instances where discrepancies arose, a third re-
viewer was consulted to resolve the disagreement through
a reference to the primary source material.

2.3 Statistical Analysis
The therapeutic effects of adenosine compared to

placebo were quantified as relative risks (RR) for categor-
ical outcomes and weighted mean differences (WMD) for
continuous outcomes, each accompanied by a 95% confi-
dence interval (CI). A random-effects model was employed
in the calculation of the combined effect size to account
for the inherent heterogeneity among the included studies
[18,19]. Variability or heterogeneity among the included
trials was examined using the I2 statistic and the Q test.
Heterogeneity was deemed substantial when the I2 value
exceeded 50.0% or the p-value was less than 0.10 [20,21].
The stability of the combined findings was tested by con-
ducting a sensitivity analysis, which involved iteratively ex-
cluding individual trials from the analysis to ascertain the
consistency and reliability of the overall conclusion [22].
Subgroup analyses were performed for ST resolution and
MACEs based on age, male sex, hypertension, DM, current
smoking, route of adenosine administration, and ischemic
time to therapy; furthermore, the differences between sub-
groups were compared using the interaction t-test, which
assumes that the data were normally distributed [23]. Pub-
lication bias for ST resolution andMACEs was assessed us-
ing funnel plots, Egger tests, and Begg tests [24,25]. All re-
ported p-values were two-sided, and statistical significance
was defined as p < 0.05 for pooled conclusions. All anal-
yses were conducted using STATA software (version 14.0;
Stata Corporation, College Station, TX, USA).

3. Results
3.1 Literature Search

Fig. 1 illustrates the literature search and study se-
lection processes. Initially, our electronic search retrieved
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Fig. 1. The PRISMA flowchart regarding the details of the literature search and study selection. RCTs, randomized controlled
trials.

2691 records, which were reduced to 1854 entries after
eliminating duplicates. Following this, 1789 of these arti-
cles were discarded due to their irrelevance to the research
topic. Ultimately, 65 studies were chosen for comprehen-
sive full-text assessment. Subsequently, 44 studies were ex-
cluded because they did not include an RCT design (n = 19),
appropriate control (n = 15), or review (n = 10). A review
of the reference lists did not identify new eligible trials that
met the inclusion criteria. Finally, 21 RCTs were selected
for the final quantitative analysis [26–46].

3.2 Study Characteristics
The baseline characteristics of identified studies are

shown in Table 1 (Ref. [26–46]). In the 21 included tri-
als, 2467 patients with AMI were included, and the follow-
up duration ranged from in-hospital to 12.0 months. 20
trials included patients with ST-elevation myocardial in-
farction (STEMI) [26–29,31–46], whereas the remaining
1 trial included both STEMI and non-STEMI (NSTEMI)
[30]. 18 trials used intracoronary adenosine administra-
tion [26,27,29–37,40–46], and the remaining 3 trials used
intravenous adenosine administration [28,38,39]. Supple-
mentary Table 1 summarizes the methodological quality
of each trial, and the overall quality was moderate.

3.3 ST Resolution
13 trials reported the effect of adenosine on the inci-

dence of ST resolution. The pooled results indicated that

adenosine was associated with an increased incidence of
ST resolution (RR, 1.30; 95% CI, 1.15–1.46; p < 0.001)
(Fig. 2). Notably, considerable heterogeneity was detected
among the incorporated trials (I2 = 48.2%; p = 0.026). A
sensitivity analysis confirmed the durability of the pooled
findings, as it remained unaltered evenwhen each studywas
sequentially omitted from the analysis (Supplementary
Fig. 1). A subgroup analysis found a significant difference
between adenosine and placebo for the incidence of ST res-
olution in most subgroups, whereas adenosine was not as-
sociated with the incidence of ST resolution if the male pro-
portion was≥80.0% or ischemic time to therapy was<240
min (Table 2). Moreover, the benefit effect of adenosine
on the incidence of ST resolution in ischemic time to ther-
apy ≥240.0 min was greater than ischemic time to therapy
<240.0 min (ratio of RR: 1.40; 95% CI, 1.17–1.67; p <

0.001).

3.4 Major Adverse Cardiovascular Events

12 trials reported the effect of adenosine on the risk of
MACEs. The summaryRR indicated that adenosine signifi-
cantly reduced the risk ofMACEs (RR, 0.67; 95%CI, 0.51–
0.87; p = 0.003) (Fig. 3), and no evidence of heterogeneity
was observed (I2 = 0.0%; p = 0.640). The sensitivity anal-
ysis demonstrated that the aggregated conclusion was un-
affected by the stepwise exclusion of any individual study
(Supplementary Fig. 2). The subgroup analysis revealed
that adenosine was associated with a lower risk of MACEs
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Fig. 2. Effect of adenosine on the incidence of ST resolution. RR, relative risk; CI, confidence interval.

when age was 60.0 years or older, the male proportion was
<80.0%, the hypertension proportion was≥50.0%, the DM
proportion was ≥20.0%, the current proportion of smok-
ers was ≥50.0%, the administration of adenosine was in-
tracoronary, and the ischemic time to therapy was ≥240.0
min (Table 2).

3.5 No Reflow, and MBG 0 to 1

There were five and seven trials available for no re-
flow and MBG 0 to 1, respectively (Supplementary Fig.
3). Adenosine was associated with a reduced risk of no re-
flow (RR, 0.35; 95% CI, 0.24–0.52; p < 0.001) and MBG
0 to 1 (RR, 0.75; 95% CI, 0.58–0.99; p = 0.041). There was
no significant heterogeneity for no reflow (I2 = 0.0%; p =
0.843) and MBG 0 to 1 (I2 = 36.8%; p = 0.148).

3.6 All-Cause Mortality, Cardiac Death, Thrombosis,
Reinfarction, and Heart Failure

There were 12, 5, 10, 7, and 9 available trials for
all-cause mortality, cardiac death, thrombosis, reinfarction,
and heart failure, respectively (Supplementary Fig. 4).
Adenosine was associated with a reduced risk of heart fail-
ure (RR, 0.66; 95% CI, 0.44–0.99; p = 0.044); however, it
had no significant effects on the risk of all-cause mortality
(RR, 0.73; 95% CI, 0.41–1.28; p = 0.272), cardiac death
(RR, 0.65; 95% CI, 0.28–1.55; p = 0.335), thrombosis (RR,
0.64; 95% CI, 0.41–1.00; p = 0.052), or reinfarction (RR,

0.82; 95% CI, 0.36–1.90; p = 0.648). There was no signif-
icant heterogeneity for all-cause mortality (I2 = 0.0%; p =
0.825), cardiac death (I2 = 0.0%; p = 0.477), thrombosis (I2
= 35.8%; p = 0.122), reinfarction (I2 = 0.0%; p = 0.885), or
heart failure (I2 = 0.0%; p = 0.888).

3.7 Adverse Events
Eight, six, five, and three trials were available for

advanced AV blocks, hypotension, VT/VF, and bradycar-
dia, respectively (Supplementary Fig. 5). Adenosine was
associated with an increased risk of advanced AV block
(RR, 5.83; 95% CI, 3.38–10.05; p < 0.001) and hypoten-
sion (RR, 2.77; 95% CI, 1.24–6.15; p = 0.013). However,
there were no significant differences between adenosine
and placebo in terms of the risks of VT/VF (RR, 0.83; 95%
CI, 0.35–1.96; p = 0.665) and bradycardia (RR, 2.96; 95%
CI, 0.43–20.41; p = 0.272). We noted potentially signifi-
cant heterogeneity for hypotension (I2 = 58.9%; p = 0.032)
and bradycardia (I2 = 80.3%; p = 0.006); however, there
was no evidence of heterogeneity for advanced AV blocks
(I2 = 0.0%; p = 0.511) and VT/VF (I2 = 0.0%; p = 0.758).

3.8 CK-MB Peek Value and LVEF
10 and 13 trials were available for the CK-MB peak

value and LVEF, respectively. Adenosine was associated
with a lower CK-MB peak value (WMD: –36.94; 95% CI,
–73.76 to –0.11; p = 0.049) (Supplementary Fig. 6); how-

4

https://www.imrpress.com


Fig. 3. Effect of adenosine on the risk of major adverse cardiovascular events. RR, relative risk; CI, confidence interval.

Fig. 4. Funnel plots for ST resolution and major adverse cardiovascular events. RR, relative risk; MACEs, major adverse cardio-
vascular events.

ever, it had no significant effect on the LVEF level (WMD:
2.16; 95% CI, –0.01 to 4.33; p = 0.051) (Supplementary
Fig. 7). Significant heterogeneity was observed in the CK-
MB peak value (I2 = 78.9%; p < 0.001) and LVEF (I2 =
74.5%; p < 0.001).

3.9 Publication Bias
There was no significant publication bias for ST reso-

lution (pEgger = 0.201; pBegg = 0.951) and MACEs (pEgger =
0.163; pBegg = 0.244) (Fig. 4).
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Table 1. Baseline characteristics of eligible trials and involved patients.
Study Country Sample size Age

(years)
Male (%) Hyper-

tension (%)
DM (%) Smoking

(%)
Setting STR (%) Stent usage

(%)
TIMI
flow

Intervention Ischemic time
to therapy

Outcome definition Follow-up
duration

Marzilli
2000 [26]

Italy 54 (27/27) 60.2 79.6 NA NA NA STEMI NA 16.7 NA The balloon was inflated,
and adenosine (IC, 4 mg in 1
min) was hand-injected into
the distal vascular bed

116 min No-reflow was diag-
nosed when a reduction
of ≥1 TIMI grades;
MACE: recurrent
angina/ischemic, nonfa-
tal AMI, cardiac death

In-hospital

Claeys 2004
[27]

Belgium 279 (79/200) 61.1 76.6 43.4 11.8 47.7 STEMI 50 80.3 NA Adenosine (IC, 60 µg/min
for RCA and 90 µg /min for
LCA) was administered just
before and during PCI after
20-min

247 min MACE: nonfatal AMI
and cardiac deaths

1.0 month

Micari 2005
[28]

USA 30 (14/16) 57.0 66.7 53.3 20.0 NA STEMI NA 100.0 NA Adenosine (IV, 50–70
µg/kg/min for 3 hours),
initiated <15 min before the
procedure

292 min — 1.0 month

Petronio
2005 [29]

Italy 60 (30/30) 58.5 85.0 NA 20.0 50.0 STEMI 50 100.0 0–1 Adenosine (IC, 4 mg in 1
min) injected distal to the oc-
clusion through an over-the-
wire balloon before the first
balloon dilation

179 min — 6.0 months

Vijayalakshmi
2006 [30]

UK 101 (51/50) 60.6 79.2 46.5 5.9 28.7 STEMI and
NSTEMI

70 NA NA Adenosine (IC, 30 µg in 10
mL of heparinised saline)
was given very quickly and
a repeat angiogram of the
relevant vessel was recorded
within 10 s

NA — 6.0 months

Hendler
2006 [31]

Israel 20 (10/10) NA NA NA NA NA STEMI NA NA NA Adenosine (IC, 60–120 µg)
was administered to achieve
an activated clotting time be-
tween 250–300 s

NA — 1.0 month
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Table 1. Continued.
Study Country Sample size Age

(years)
Male (%) Hyper-

tension (%)
DM (%) Smoking

(%)
Setting STR (%) Stent usage

(%)
TIMI
flow

Intervention Ischemic time
to therapy

Outcome definition Follow-up
duration

Ji 2007 [32] China 50 (23/27) 60.0 82.0 54.0 16.0 50.0 STEMI NA 100.0 NA The balloon was inflated
and then deflated to initiate
reperfusion of the ischemic
territory, then adenosine (IC,
300 µg) was hand-injected
into the vascular bed for
1 min through the guiding
catheter into opening of left
or right coronary artery

268 min — 1.0 month

Tian 2008
[33]

China 26 (12/24) 53.1 65.4 NA NA NA STEMI NA 100.0 0 Adenosine (IC, 2 mg/1 min
for 10 min) was given when
the guide wire crossed the le-
sion through PCI, then the
balloon was dilated and stent
was implanted at the lesion

NA MACE: sudden death,
heart failure, re-
infarction, angina
pectoris

1.0 month

Stoel 2008
[34]

Netherlands 49 (27/22) 66.9 65.3 40.8 10.2 34.7 STEMI 70 100.0 NA Adenosine (IC, 60 mg in 5–
10 min) infused in 5–10 min

196 min — 12.0 months

Fokkema
2009 [35]

Netherlands 448 (226/222) 62.4 74.8 37.0 10.2 57.8 STEMI 70 95.8 0–3 Adenosine (IC, 120 µg
twice), the first bolus in-
jection was given after
thrombus aspiration and the
second after stenting of the
infarct-related artery

180 min MACE: mortality, rein-
farction, and target ves-
sel revascularization

1.0 month

Grygier
2011 [36]

Poland 70 (35/35) 64.9 62.9 62.9 22.9 50.0 STEMI 70 100.0 0–2 Adenosine (IC, 1 mg for
RCA and 2 mg for LCA
twice), immediately after
crossing the lesion of the
infarct-related artery with
guidewire and then after the
first balloon inflation

270 min MACE: mortality,
recurrent AMI, cardiac
arrest, cardiogenic
shock, heart failure,
and recurrent angina
episodes

1.0 month
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Table 1. Continued.
Study Country Sample size Age

(years)
Male (%) Hyper-

tension (%)
DM (%) Smoking

(%)
Setting STR (%) Stent usage

(%)
TIMI
flow

Intervention Ischemic time
to therapy

Outcome definition Follow-up
duration

Desmet
2011 [37]

Belgium 110 (56/54) 61.0 81.8 40.0 10.0 49.1 STEMI 70 100.0 0–3 The balloon was inflated,
adenosine (IC, 4 mg bonus)
was injected by hand
through the central lumen
of the balloon catheter into
the distal vascular bed over
1 min

215 min — 4.0 months

Wang 2012
[38]

China 69 (35/34) 56.5 82.6 58.0 18.9 46.4 STEMI NA 100.0 0–3 15 min prior to the implan-
tation of the stent, adeno-
sine (IV, 50 µg/kg/min for
3 hours) was started for 3
hours

336 min MACE: recurrent
angina, recurrent AMI,
heart failure and car-
diac death

1.0 month

Zhang 2012
[39]

China 63 (32/31) 64.9 81.0 58.7 28.6 55.6 STEMI NA 100.0 0–3 Adenosine (IV, 50–70
µg/kg/min for 3 hours),
drugs were given to the
patients immediately after
the guide wire crossed the
culprit lesion

297 min MACE: cardiac death,
non-cardiac death, non-
fatal AMI, heart failure

1.0 month

Niccoli
2013 [40]

Italy 160 (80/80) 63.5 75.6 56.9 23.1 58.1 STEMI 70 100.0 0–1 Adenosine (IC, 120 µg bo-
lus+2 mg over 2 min) was
given distal to the occluded
site after thrombus aspira-
tion

279 min MACE: mortality,
AMI, target lesion
revascularization, and
heart failure

1.0 month

Tong 2013
[41]

China 258 (130/128) 60.9 76.4 43.8 19.0 57.8 STEMI 70 100.0 NA Adenosine (IC, 2 mg in 1
min twice) was given after
thrombus aspiration and the
second after stenting of the
infarct-related artery

319 min MACE: mortality,
AMI, target vessel
revascularization, and
NYHA ≥2

1.0 and 12.0
month
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Table 1. Continued.
Study Country Sample size Age

(years)
Male (%) Hyper-

tension (%)
DM (%) Smoking

(%)
Setting STR (%) Stent usage

(%)
TIMI
flow

Intervention Ischemic time
to therapy

Outcome definition Follow-up
duration

Darahim
2014 [42]

Egypt 60 (20/40) 52.7 73.3 41.7 35.0 63.3 STEMI 70 100.0 0–2 The balloon was inflated,
adenosine (IC, 6 mg bonus)
was hand injected over 30 s
into the distal vessel

244 min No reflow was diag-
nosed when there was a
reduction of 1 or more
in the TIMI grade;
MACE: nonfatal AMI
and mortality

In-hospital

Faruk Ak-
turk 2014
[43]

Turkey 31 (16/15) 57.0 80.6 54.8 29.0 48.4 STEMI 50 NA NA Adenosine (IC, 240 µg)
was administered in 1 min
through the guiding catheter

228 min — In-hospital,
6.0 months

Garcia-
Dorado
2014 [44]

Spain 197 (100/97) 59.2 86.3 46.7 15.2 51.8 STEMI 70 85.3 0–1 Adenosine (IC, 2.25 mg/min
for 2 min) was administered
as a 2-minute intracoronary
bolus distal to the culprit
lesion by means of an in-
tracoronary infusion micro-
catheter

154 min — 6.0 months

Naghshtabrizi
2020 [45]

Iran 104 (52/52) NA NA NA NA NA STEMI NA NA NA Adenosine (IC, 2 bolus, 40
µg/bolus and diluted in 10
mL saline). After crossing
the wire through the occlu-
sion site, the first dose of the
study drug or placebo was
administered by an over-the-
wire balloon. After success-
ful stenting, the second dose
was administered

NA No reflow was defined
on the basis of TIMI
grade flow and ST-
segment resolution

1.0 month

Sadeghian
2022 [46]

Iran 228 (110/118) 58.6 79.4 32.5 20.2 40.4 STEMI NA 100.0 0–1 Adenosine (IC, 200 µg for
RCA and 400 µg for LCA)
was infused just before
stenting

NA MBG <2 was consid-
ered as no-reflow

In-hospital

STEMI, ST-elevation myocardial infarction; DM, diabetes mellitus; MACEs, major adverse cardiovascular event; AMI, acute myocardial infarction; STR, ST resolution; USA, The United States of America; UK, The
United Kingdom of Great Britain and Northern Ireland; NA; not applicable; IC, intracoronary; RCA, right coronary artery; LCA, left coronary artery; MBG, myocardial blush grade.
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Table 2. Subgroup analyses for ST resolution and MACE.
Outcomes Factors Subgroups No. of trials RR and 95% CI p value I2 (%)/Q statistic Interaction t test Ratio of RR between subgroups

ST resolution

Age (years)
≥60.0 7 1.35 (1.11–1.64) 0.003 63.7/0.011

0.730 1.05 (0.81–1.36)
<60.0 5 1.29 (1.09–1.53) 0.003 36.1/0.181

Male (%)
≥80.0 4 1.14 (0.95–1.38) 0.162 0.0/0.465

0.113 0.82 (0.64–1.05)
<80.0 8 1.39 (1.18–1.62) <0.001 64.0/0.007

Hypertension (%)
≥50.0 3 1.50 (1.22–1.85) <0.001 0.0/0.566

0.242 1.16 (0.90–1.50)
<50.0 8 1.29 (1.12–1.49) <0.001 56.8/0.023

DM (%)
≥20.0 6 1.39 (1.20–1.63) <0.001 28.7/0.220

0.343 1.12 (0.89–1.42)
<20.0 6 1.24 (1.04–1.49) 0.018 55.5/0.047

Current smoking (%)
≥50.0 7 1.26 (1.07–1.49) 0.006 61.1/0.017

0.360 0.90 (0.72–1.13)
<50.0 5 1.40 (1.20–1.63) <0.001 8.8/0.356

Route
IC 13 1.30 (1.15–1.46) <0.001 48.2/0.026

- -
IV - - - -

Ischemic time to therapy (min)
≥240.0 5 1.51 (1.31–1.73) <0.001 2.9/0.390

<0.001 1.40 (1.17–1.67)
<240.0 6 1.08 (0.96–1.20) 0.200 0.0/0.522

MACE

Age (years)
≥60.0 8 0.69 (0.50–0.93) 0.017 7.9/0.369

0.625 1.19 (0.59–2.39)
<60.0 4 0.58 (0.31–1.08) 0.087 0.0/0.811

Male (%)
≥80.0 3 0.77 (0.49–1.20) 0.243 0.0/0.693

0.442 1.24 (0.71–2.16)
<80.0 9 0.62 (0.45–0.86) 0.005 0.0/0.484

Hypertension (%)
≥50.0 4 0.63 (0.42–0.95) 0.028 0.0/0.403

0.400 0.79 (0.45–1.37)
<50.0 6 0.80 (0.55–1.17) 0.251 0.0/0.762

DM (%)
≥20.0 4 0.64 (0.42–0.98) 0.042 0.0/0.392

0.488 0.82 (0.47–1.44)
<20.0 6 0.78 (0.54–1.12) 0.178 0.0/0.738

Current smoking (%)
≥50.0 7 0.74 (0.55–0.99) 0.044 0.0/0.448

0.604 1.25 (0.53–2.95)
<50.0 3 0.59 (0.26–1.30) 0.189 0.0/0.968

Route
IC 10 0.63 (0.46–0.85) 0.003 0.0/0.582

0.422 0.78 (0.42–1.44)
IV 2 0.81 (0.48–1.39) 0.450 0.0/0.448

Ischemic time to therapy (min)
≥240.0 7 0.65 (0.47–0.90) 0.009 0.0/0.788

0.741 0.89 (0.45–1.77)
<240.0 4 0.73 (0.40–1.35) 0.315 34.1/0.208

RR, relative risk; CI, confidence interval; DM, diabetes mellitus; MACE, major adverse cardiovascular event; I2, inconsistency index; IC, intracoronary; IV, intravenous; TIMI, Throm-
bolysis in Myocardial Infarction; IV, intravenous; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; NYHA, New York Heart Association.
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4. Discussion
The current study was based on RCTs to evaluate the

impact of adenosine on both angiographic and clinical out-
comes in patients with AMI undergoing PCI. An aggregate
of 2467 AMI patients was included, showcasing a diverse
spectrum of patient characteristics. Adenosine for AMI pa-
tients undergoing PCI was able to improve ST resolution,
no reflow, MBG 0 to 1, MACEs, heart failure, and CK-
MB peak values. Although the use of adenosine showed a
protective trend for the risk of all-cause mortality, cardiac
death, thrombosis, reinfarction, and LVEF, the differences
between adenosine and control groups were not statistically
significant. Furthermore, the risks of VT/VF and bradycar-
dia for patients treated with adenosine were not affected.

Several systematic reviews have been conducted to
examine the effects of adenosine [47–50]. Singh et al. [47]
identified trials published until May 2011 and seven RCTs
were identified, and they found that intracoronary admin-
istration of adenosine was well-tolerated and resulted in
improved electrocardiographic outcomes. Moreover, intra-
coronary administration of adenosine provides protection
against the risks ofMACEs, heart failure, and cardiac death.
Navarese et al. [48] identified trials published until Au-
gust 2011 and 10 RCTs were included, they reported that
the use of adenosine was associated with a reduced risk of
no reflow. A total of 15 RCTs were identified for trials
published until December 2014 during a study by Gao et
al. [49], who indicated that adenosine could protect against
the risks of heart failure, no reflow, and MBG 0 to 1. Poli-
meni et al. [50] identified 13 RCTs published until Febru-
ary 2015 and suggested that intracoronary administration of
adenosine was associated with an increased incidence of ST
resolution and a lower risk of MACEs for STEMI patients
undergoing primary PCI. However, several RCTs have al-
ready been published, thus the results should be updated for
the therapeutic effects of adenosine. Moreover, whether the
effects of adenosine treatment are affected by patient char-
acteristics remains controversial. Therefore, this system-
atic review and meta-analysis aimed to update the effects
of adenosine on patients with AMI undergoing PCI.

The results indicated that the use of adenosine could
significantly improve ST resolution, no reflow, and MBG
0 to 1. The potential reason for this could be that adeno-
sine activates 4 receptors, which could dilate the coro-
nary vessels and attenuate reperfusion injury by decreasing
neutrophil-mediated mechanical obstruction of the capil-
lary channels. Our study found that adenosine significantly
reduced the risks of MACEs and heart failure; although
the risks of all-cause mortality, cardiac death, thrombosis,
and reinfarction after treatment with adenosine were not af-
fected, a protective trend was observed for patients receiv-
ing adenosine, which could be explained by the lower in-
cidence of these clinical outcomes. Considering the var-
ious definitions of MACEs across the included trials, the
prevalence of MACEs was relatively high, and the power

was sufficient to detect potential significant differences.
Moreover, the beneficial effect of adenosine could be at-
tributed to the reduced infarct size and improved cardiac
function [51–53] including: (1) adenosine can reduce the
occurrence of arrhythmias by regulating the electrophysio-
logical activity within cardiac cells, which is particularly
important for post-PCI patients; (2) adenosine can dilate
coronary arteries and other blood vessels, increase blood
supply to the heart, improve myocardial ischemia, and help
reduce myocardial damage after PCI surgery; (3) adeno-
sine has anti-inflammatory and antioxidant effects, which
can alleviate the inflammatory response and oxidative stress
caused by PCI surgery, helping to protect cardiac tissues;
and (4) adenosine can protect myocardium from ischemia-
reperfusion injury by regulating the metabolism and func-
tion of myocardial cells, thus helping to maintain cardiac
function.

The results of this study showed that the use of adeno-
sine significantly increased the risk of advanced AV block
and hypotension. However, most adverse events were tran-
sient because of the short half-life of adenosine, which did
not cause clinical sequelae. The potential reason for these
results could be explained by the fact that adenosine can
slow the heart rate by acting on the sinoatrial node and AV
node of the heart, prolonging atrioventricular conduction
time, sometimes leading to AV block. In addition, adeno-
sine can dilate blood vessels, causing a decrease in blood
pressure, so hypotension may occur when using adenosine.
Moreover, adenosine was associated with a lower CK-MB
peak value and might increase LVEF rates, which are sig-
nificantly related to infarct size and subsequent clinical out-
comes.

Stratified analyses of ST resolution and MACEs were
also performed, and the effect of adenosine on the incidence
of ST resolution could be affected by ischemic time to ther-
apy. Moreover, the risk of MACEs was reduced for patients
treated with adenosine when age was 60.0 years or older,
the male proportion was<80.0%, the hypertension propor-
tion was ≥50.0%, the DM proportion ≥20.0%, the propor-
tion of current smokers was ≥50.0%, the administration
of adenosine was intracoronary, and the ischemic time to
therapy was ≥240.0 min. Prolonged myocardial ischemia
exacerbates metabolic waste accumulation and oxidative
stress, leading to severe reperfusion injury. Adenosine,
through its antioxidative, anti-inflammatory, and calcium
channel modulation properties, effectively alleviates such
injuries, particularly benefiting patients with prolonged is-
chemia [54]. Moreover, extended ischemia aggravates mi-
crocirculatory damage, impeding blood flow restoration.
By dilating microvessels, adenosine is pivotal in reinstating
microcirculatory blood flow in long-ischemic myocardium,
thereby aiding in salvaging more critically endangered my-
ocardial cells [55]. These results suggest that adenosine
should be administered to high-risk AMI patients to achieve
better treatment effects.
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Several limitations of this study should be acknowl-
edged. Although all of the included studies were designed
as RCTs, the methodological quality varied, and the rec-
ommendations of the results were restricted. Variations ex-
isted in the dosage of adenosine administered across the dif-
ferent trials included, potentially influencing the outcome
for AMI patients undergoing PCI. The dosage of adeno-
sine requires meticulous control to ensure optimal therapeu-
tic efficacy while avoiding adverse reactions. Lower doses
may be insufficient to adequately dilate both coronary ar-
teries and microvessels, failing to effectively improve my-
ocardial blood flow and thereby compromising treatment
outcomes. Besides, the duration of adenosine therapy is
equally crucial, as it pertains to the sustained action of
the drug in the body and the ongoing myocardial protec-
tive effects. Short-term use may only temporarily enhance
blood flow without fully realizing the long-term benefits of
its anti-inflammatory, antioxidative, and myocardial repair-
promoting properties. The severity of AMI differed among
the included trials, and the treatment effects of adenosine
might have been affected by the disease status. The defi-
nition of ST resolution differed, which could have affected
the net effect of adenosine on the incidence of ST resolu-
tion. Furthermore, the timeframe of the investigated out-
comes differed across the included trials, which could affect
the therapeutic effects of adenosine. The analysis relies on
published literature, thus publication bias is an inevitable is-
sue. Finally, the detailed analyses were restricted because
the analysis was based on pooled data.

5. Conclusions
Adenosine was superior to placebo for improving ST

resolution, MACEs, no reflow, MBG 0 to 1, heart failure,
and CK-MB peak value. Moreover, although adenosine
significantly increased the risk of advanced AV block and
hypotension, these events were transient and did not cause
clinical sequelae. Further large-scale RCTs ought to be
conducted to investigate the long-term effects of different
adenosine administrations in patients suffering from AMI
who are undergoing PCI.
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