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ABSTRACT

Background and Aim: The phenomenon of no-reflow/slow-flow during primary
percutaneous coronary intervention (PCI) in acute ST-elevation myocardial
infarction (STEMI) patients remain a challenging complication causing adverse
myocardial perfusion and outcomes. The administration of intra-coronary
adenosine, anti- platelet and anti-inflammatory vasodilator has been recommended
as latent strategy to prevent and mitigate this complication. The aim of the present
study was to assess the efficacy of intra-coronary adenosine administration before
stenting in preventing no-reflow/slow-flow in patients presenting with acute STEMI
undergoing primary PCI. Patients and Methods: A questionnaire-based case-
control study investigated 100 patients (50 in the adenosine group and 50 in the
control group) at Rawalpindi Institute of Cardiology, Rawalpindi for the duration of
three months, from December 21, 2024 to March 20, 2025. STEMI patients with chest
pain duration <12 hours and requiring stenting enrolled. Demographic details,
comorbidities such as DM, HTN, dyslipidemia, stroke, and obesity, medication use,
tobacco usage, medical/surgical/family history, socioeconomic factors, and
procedure-related variables including occlusion level, thrombus burden, use of
thrombus aspiration, distal drug delivery, TIMI flow grade, and adenosine dose
recorded. SPSS v23 used for data analysis. Results: 100 patients were randomly
assigned to two groups; Group-A (N=50) administrated with adenosine and Group-B
(N=50) administrated with standard treatment or control group. Both groups had
comparable results in baseline and clinical characteristics with no significant
differences (p > 0.05). Renal function parameters such as serum creatinine (89.2 +
18.5 vs. 91.4 + 20.1 mmol/L) and glomerular filtration rate (76.3 + 15.2 vs. 73.1
16.8 ml/min/1.73m?), showed no significant difference between the adenosine and
control groups, respectively (p > 0.05). Adenosine group had significantly frequent
cases (90%) of final TIMI flow grade III compared to control group (70%) (p=0.01).
However, no significance difference observed in angiographic findings (culprit
vessels and thrombus burden). The prevalence of no-reflow phenomenon was 6% in
adenosine group compared to control group (24%) (p=0.02). Distal drug
administration via micro catheter was significantly higher (92%) in adenosine group
compared to control group (10%), (p<0.001). Stent size, thrombus aspiration, lesion
characteristics, and pre- and post-dilation had no significant differences in both
groups. Conclusion: The pre-stenting administration of intra-coronary adenosine
improved the procedural outcomes in acute STEMI patients underwent PCI
significantly reduces the prevalence of no-reflow/slow-flow. These observations
support the evidence of adenosine clinical utility as a preventive strategy for high-
risk STEMI intervention.

INTRODUCTION

reperfusion. A significant range is the occurrence of no-re-

The preferred treatment for ST-segment elevation
myocardial infarction (STEMI) patients during the early
hours following symptom onset is Primary percutaneous
coronary intervention (PCI) [1]. However, despite its
widespread use, primary PCI does not always guarantee
complete coronary revision or adequate myocardial

flow phenomenon, characterized by low coronary blood
flow (TIMI flow grade <3 or myocardial blush grade [MBG]
<3), which affects about 5% to 50% of STEMI patients
passing through PCI [2, 3]. This phenomenon is strongly
associated with poor clinical outcomes and increased
mortality, underlining the important requirement for
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effective preventive strategies [4]. Among the most deadly
diseases haunting humankind for ages are those that arise
due to obstruction or narrowing of coronary arteries due
to multiple known and idiopathic reasons. Literature
suggests that almost 50% of deaths worldwide are due to
heart diseases particularly due to ischemic heart diseases
that lead to myocardial infarction and death as MI still
holds the significant weightage as leading cause of heart
failure too. Myocyte death can occur within hours of
ischemia [5].

The No-Reflow Phenomenon has a complex and
multifactorial pathophysiology, with various contributing
factors influencing its development [5, 6]. Consequently,
numerous strategies have been explored to prevent its
occurrence during primary PCI, including administration
of a series of medicinal agents [7]. These interventions
span from pre-procedural medicines to the use of
intracoronary drugs during the procedure. Of these,
several clinical studies of adenosine, an endogenous
purine nucleoside, have been examined-often for its
possible efficacy in reducing the no-perpetual event in
combination with other agents [8]. Although the exact
mechanism of adenosine not perfectly understood in
preventing the no-flow phenomenon, but believed that
neutrophils promote its effects and protect the
endothelium from damage [9]. Studies using intravenous
adenosine have not demonstrated significant clinical
benefits, while intracoronary administration has shown
results that are more promising [10]. In previous studies,
variability in results attributed to the differences of the
methods used to assess administration routes, adenosine
supplements and the no-flow phenomenon [11].

The phenomenon of no-reflow/slow-flow during primary
percutaneous coronary intervention (PCI) in acute ST-
elevation myocardial infarction (STEMI) patients remain a
challenging complication causing adverse myocardial
perfusion despite successful revascularization. Given its
multifactorial pathophysiology, numerous pharmacologic
interventions have been explored to prevent this
phenomenon. Among them, adenosine, an endogenous
purine nucleoside, has shown potential due to its anti-
inflammatory and endothelial protective properties.
However, previous investigations have yielded unreliable
outcomes, largely due to variations in the route of
administration, dosage, and assessment methods for
detecting no-reflow. Intracoronary administration of
adenosine has demonstrated more promising outcomes
compared to intravenous use. Therefore, this study
designed to assess the intracoronary adenosine
administration efficacy before stenting in preventing the
no-reflow/slow-flow phenomenon among STEMI patients
undergoing primary PCI, aiming to clarify its clinical value
and optimize myocardial reperfusion strategies.

METHODOLOGY

The study designed as a questionnaire-based case-control
study conducted on 100 cases at Rawalpindi Institute of
Cardiology (RIC), Rawalpindi, the tertiary care center
specializing in cardiovascular interventions, for the
duration of three months, from December 21, 2024 to
March 20, 2025. STEMI patients requiring stent
deployment and having chest pain duration less than 12
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hours enrolled and divided equally into two groups:
Adenosine Group (n = 50): Patients who received
intracoronary adenosine prior to stenting. Control Group
(n = 50): Patients who underwent standard percutaneous
coronary intervention (PCI) without adenosine
administration. Patients failed to give Inform Consent,
having less than TIMI 3 flow before stenting, and chest
pain more than 12 hours in STEMI patients excluded.
Demographic details, comorbidities such as DM, HTN,
dyslipidemia, stroke, and obesity, medication use, tobacco
usage, medical/surgical/family history, socioeconomic
factors, and procedure-related variables including
occlusion level, thrombus burden, use of thrombus
aspiration, distal drug delivery, TIMI flow grade, and
adenosine dose recorded. SPSS v23 used for data analysis.
A p-value <0.05 was considered statistically significant.

RESULTS

100 patients were randomly assigned to two groups;
Group-A (N=50) administrated with adenosine and Group-
B (N=50) administrated with standard treatment or
control group. Both groups had comparable results in
baseline and clinical characteristics with no significant
differences (p > 0.05). Renal function parameters such as
serum creatinine (89.2 + 18.5vs.91.4 + 20.1 mmol/L) and
glomerular filtration rate (76.3 * 15.2 vs. 73.1 + 16.8
ml/min/1.73m?), showed no significant difference
between the adenosine and control groups, respectively (p
> (0.05). Adenosine group had significantly frequent cases
(90%) of final TIMI flow grade III compared to control
group (70%) (p=0.01). However, no significance
difference observed in angiographic findings (culprit
vessels and thrombus burden). The prevalence of no-
reflow phenomenon was 6% in adenosine group against
control group (24%) (p=0.02). Distal drug administration
via micro catheter was significantly higher (92%) in
adenosine group compared to control group (10%),
(p<0.001). Stent size, thrombus aspiration, lesion
characteristics, and pre- and post-dilation had no
significant differences in both groups. Demographic and
clinical details presented in Table 1. Procedure-Related
Characteristics and Outcomes shown in Table 2.
Comparison of Angiographic and Angioplastic
Characteristics between Study Groups demonstrated in
Table 3.

Table 1
Demographic and Clinical
Participants (N=100)

Characteristics of Study

Variables Adenosine Control p-
Group (n=50) Group (n=50) value
Mean Age (years) 57.4+9.2 56.8+8.7 0.68
Gender (Male) 42 (84%) 40 (80%) 0.61
Diabetes Mellitus 18 (36%) 17 (34%) 0.83
Hypertension 30 (60%) 32 (64%) 0.68
Dyslipidemia 22 (44%) 20 (40%) 0.69
History of Stroke 3 (6%) 2 (4%) 0.64
Obesity (BMI >30 kg/m?) 10 (20%) 11 (22%) 0.81
Smoking History 21 (42%) 24 (48%) 0.54
Positive Family History (IHD) 14 (28%) 12 (24%) 0.65
Low Socioeconomic Status 33 (66%) 36 (72%) 0.49
Serum Creatinine (mmol/L) 89.2 +18.5 914 +20.1 0.53
GFR (ml/min/1.73m?) 76.3+15.2 73.1+168 0.31
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Table 2
Procedure-Related Characteristics and Outcomes
. Adenosine  Control Group p-

Vel Group (n=50) (n=50) value
Culprit Artery Occlusion o 0
(Proximal LAD) 20 (40%) 22 (44%) 0.69
High Thrombus Burden 28 (56%) 29 (58%) 0.85
Use of Thrombus Aspiration 32 (64%) 31 (62%) 0.84
Distal Drug Delivery Used 46 (92%) 5 (10%) <0.001
Final TIMI Flow Grade III 45 (90%) 35 (70%) 0.01
No-Reflow Phenomenon 3 (6%) 12 (24%) 0.02
Adenosine Dose (mcg) 1200 + 300 . .

(mean * SD)

Table 3
Comparison  of  Angiographic  and  Angioplastic
Characteristics between Study Groups

Adenosine Control

Parameter 50) p-value

Group (n=50) Group (n=

Culprit Vessel
LAD (Left Anterior

. 22 (44%) 24 (48%) 0.69
Descending)
RCA (Right Coronary Artery) 18 (36%) 17 (34%) 0.84
LCX (Left Circumflex) 10 (20%) 9 (18%) 0.79
Thrombus Burden (High) 28 (56%) 29 (58%) 0.85
TIMI Flow Grade Before PCI
0 (No re-flow) 40 (80%) 38 (76%) 0.64
[ 6 (12%) 7 (14%) 0.76
I1/111 4 (8%) 5 (10%) 0.72
Use of Thrombus Aspiration 32 (64%) 31 (62%) 0.84
Pre-dilatation Performed 38 (76%) 35 (70%) 0.48
Stent Diameter (mm) 3.12 £ 0.45 3.09 £ 0.41 0.67
Stent Length (mm) 23.5+48 229+5.1 0.53
Final TIMI Flow Grade III 45 (90%) 35 (70%) 0.01*
No-Reflow Phenomenon 3 (6%) 12 (24%) 0.02*
Use of Post-Dilatation 27 (54%) 25 (50%) 0.69
Distal Drug Delivery 46 (929%) 5 (10%) <0.001*

(Micro catheter)

DISCUSSION

The study investigated the role of intracoronary adenosine
administration in patients introduced with acute ST-
Elevation Myocardial Dominance (STEMI), especially
focused on its efficacy in improving coronary perfusion
results and preventing no-re-Flo/Slow-Flow Phenomenon.
The key findings of the study reveal that while baseline
clinical and demographic characteristics were comparable
across both groups, the use of adenosine was associated
with significantly improved post-procedural coronary
perfusion outcomes.

The most clinically critical result was the high frequency of
the final TIMI flow grade III in the adenosine group (90%),
which indicates a strong relationship between adenosine
administration and enhanced myocardial reperfusion.
These findings are consistent with previous studies
demonstrating that adenosine, due to its potent
vasodilator and anti-inflammatory properties, helps in
reducing microvascular obstruction during PCI, thereby
improving perfusion outcomes and minimizing
reperfusion injury [12-14].

Another significant observation was a significantly lower
phenomenon of no-re-flow phenomenon in the adenosine
group (6%) compared to the control group (24%) with
statistically important (P=0.02). These findings suggests
that the pre-stent intracoronary adenosine administration
can play a preventive role against this complication, firmly
associated with poor clinical outcomes, including large

infarct size and high rate of heart failure and mortality.
Reduction in no-re-flow cases aligns with pre-conclusion
that adenosine improves capillary and reduces neutrophil-
medial microvascular injury. These findings resemble an
earlier study result [15].

Importantly, while the renal function parameters such as
serum creatinine and estimated glomerular filtration rate
(EGFR) did not show significant differences between
groups, it supports renal protection of adenosine use, even
in terms of acute STEMI management, where renal
perfusion can be compromised [16]. Interestingly, the use
of distal drug delivery via micro catheters was much
higher in adenosine group (92%), compared to the control
group (10%), with P <0.001. Although it increases the
possibility of procedural impact on results, it can also
reflect a targeted approach to the drug delivery optimized
in the intervention group. However, the independent effect
of the micro catheters makes a controlled evaluation to
eliminate procedural bias [17].

No significant differences observed between the two
groups in terms of angiographic characteristics such as
culprit vessel involvement and thrombus burden. This
parity eliminates anatomical bias and further strengthens
the argument that the observed differences in flow grade
and no-reflow prevalence are attributable to
pharmacological intervention rather than anatomical or
technical variables [18]. Stent-related parameters,
thrombus aspiration, and wound preparation (pre-post-
dilation) were also similar in groups, indicating that
procedural standardization maintained and adenosine's
effect was independent of mechanical intervention
variables.

Together, these findings confirm the existing literature
that suggests an intracoronary adenosine's favorable role
in managing microvascular obstruction and improving
spraying in STEMI patients passing through PCI. The
stability of these results with prior studies combines the
body of evidence supporting the inclusion of adenosine in
the clinical protocol, especially in cases with angiographic
suspicions of high thrombotic burden or no-perpetual risk
[19, 20].

However, this study is not without limitations. Single-
centers, relatively small sample size, and lack of long-term
clinical results such as left ventricular function or major
adverse cardiac events (MACE) limit the generality of the
conclusions. Additionally, the significantly higher use of
micro catheters in the adenosine group, while possibly
protocol-driven, introduces a procedural variability that
may act as a confounding factor.

CONCLUSION

This study provides strong evidence that intracoronary
adenosine administered prior to stenting in STEMI
patients significantly enhances coronary perfusion (as
evidenced by higher TIMI III flow rates) and reduces the
incidence of no-reflow without adversely affecting renal
function or other procedural characteristics. These
findings support the potential integration of adenosine
into standardized PCI protocols, although larger multi-
center trials with long-term follow-up are necessary to
confirm its clinical benefit and cost-effectiveness.

Page | 518

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.6 2025 QOO0
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.




Ayub, M. E. et al,,

Administration of Intra-Coronary Adenosine before Stenting...

REFERENCES

1.

10.

11.

IJBR Vol.3 Issue.6 2025

Mohammad Sadeghian, Seyyed Hossein Mousavi, Zahra
Aamaraee & Akbar Shafiee (2022) Administration of
intracoronary adenosine before stenting for the prevention
of no-reflow in patients with ST-elevation myocardial
infarction, Scandinavian Cardiovascular Journal, 56:1, 23-
27.

https://doi.org/10.1080/14017431.2022.2035807.

Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for
the management of acute myocardial infarction in patients
presenting with ST-segment elevation: the task force for the
management of acute myocardial infarction in patients
presenting with ST-segment elevation of the European
Society of Cardiology (ESC). Eur Heart J. 2018;39(2):119-
177.

Niccoli G, Cosentino N, Spaziani C, et al. No-reflow: incidence
and detection in the cath-lab. Curr Pharm Des. 2013;19(25):
4564-4575.
https://doi.org/10.2174/1381612811319250005

Feher A, Chen SY, Bagi Z, et al. Prevention and treatment of
no-reflow phenomenon by targeting the coronary
microcirculation. Rev Cardiovasc Med. 2014;15(1):38-51.
https://doi.org/10.3909/ricm0699

Scarpone M, Cenko E, Manfrini O. Coronary No-Reflow
phenomenon in clinical practice. Curr Pharm Des.
2018;24(25): 2927-2933.
https://doi.org/10.2174/1381612824666180702112536
Niu X, Zhang |, Bai M, et al. Effect of intracoronary agents on
the no-reflow phenomenon during primary percutaneous
coronary intervention in patients with ST-elevation
myocardial infarction: a network Meta-analysis. BMC
Cardiovasc Disord. 2018;18(1):3. PubMed PMID: 29320987
https://doi.org/10.1186/s12872-017-0722-7

Gao Q, Yang B, Guo Y, et al. Efficacy of adenosine in patients
with acute myocardial infarction undergoing primary
percutaneous coronary intervention: a PRISMA-compliant
meta-analysis. Medicine. 2015;94(32):e1279.
https://doi.org/10.1097 /md.0000000000001279
Polimeni A, De Rosa S, Sabatino ], et al. Impact of
intracoronary adenosine administration during primary
PCI: a Metaanalysis. Int ] Cardiol. 2016;203:1032-1041.
https://doi.org/10.1016/j.ijcard.2015.11.086

Bulluck H, Sirker A, Loke YK, et al. Clinical benefit of
adenosine as an adjunct to reperfusion in ST-elevation
myocardial infarction patients: an updated Meta-analysis of
randomized controlled trials. Int ] Cardiol. 2016;202:228-
237

https://doi.org/10.1016/j.ijcard.2015.09.005

Rezkalla SH, Stankowski RV, Hanna ], et al. Management of
No-Reflow phenomenon in the catheterization laboratory.
JACC Cardiovasc Interv. 2017;10(3):215-223.
https://doi.org/10.1016/}.jcin.2016.11.059

Flower L, Bares Z, Santiapillai G, Harris S. Acute ST-segment
elevation myocardial infarction secondary to vaccine-
induced immune thrombosis with thrombocytopaenia
(VITT). BMJ Case Rep. 2021 27;14(9):e245218.
https://doi.org/10.1136 /bcr-2021-245218.

@Loere

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vogel B, Claessen BE, Arnold SV, Chan D, Cohen D], Giannitsis
E, Gibson CM, Goto S, Katus HA, Kerneis M, Kimura T,
Kunadian V, Pinto DS, Shiomi H, Spertus JA, Steg PG, Mehran
R. ST-segment elevation myocardial infarction. Nat Rev Dis
Primers. 2019 Jun 6;5(1):39.
https://doi.org/10.1038/s41572-019-0090-3.

Kai T, Oka S, Hoshino K, Watanabe K, Nakamura |, Abe M,
Watanabe A. Renal Dysfunction as a Predictor of Slow-
Flow/No-Reflow Phenomenon and Impaired ST Segment
Resolution After Percutaneous Coronary Intervention in ST-
Elevation Myocardial Infarction With Initial Thrombolysis in
Myocardial Infarction Grade 0. Circ J. 2021 Sep
24;85(10):1770-1778.

https://doi.org/10.1253 /circj.C]-21-0221.

Zhao Y, Yang ], Ji Y, Wang S, Wang T, Wang F, Tang J.
Usefulness of fibrinogen-to-albumin ratio to predict no-
reflow and short-term prognosis in patients with ST-
segment elevation myocardial infarction undergoing
primary percutaneous coronary intervention. Heart Vessels.
2019 Oct;34(10):1600-1607.

https://doi.org/10.1007 /s00380-019-01399-w.

Sadeghian M, Mousavi SH, Aamaraee Z, Shafiee A.
Administration of intracoronary adenosine before stenting
for the prevention of no-reflow in patients with ST-elevation
myocardial infarction. Scand Cardiovasc ]. 2022
Dec;56(1):23-27.
https://doi.org/10.1080/14017431.2022.2035807.

Akturk 1, Yalcin A, Biyik I, et al. Effects of verapamil and
adenosine in an adjunct to tirofiban on resolution and
prognosis of noreflow phenomenon in patients with acute
myocardial infarction. Minerva Cardioangiol.
2014;62(5):389-397.

Navarese EP, Buffon A, Andreotti F, et al. Adenosine
improves post-procedural coronary flow but not clinical
outcomes in patients with acute coronary syndrome: a meta-
analysis of randomized trials.  Atherosclerosis.
2012;222(1):1-7.
https://doi.org/10.1016/j.atherosclerosis.2011.11.001
Feng XM, Zhang WH, Liu ]J. Adenosine as an Adjunctive
Therapy for Acute Myocardial Infarction Undergoing
Primary Percutaneous Coronary Intervention: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials.
Reviews in Cardiovascular Medicine. 2025 Feb
12;26(2):24065.
https://doi.org/10.37766/inplasy2025.1.0051

Ryabov V, Dil S, Vyshlov E, Mochula O, Kercheva M, Baev A,
Gergert E, Maslov L. Efficiency and safety of intracoronary
epinephrine administration in patients with ST-elevation
myocardial infarction with refractory coronary no-reflow.
The American Journal of Cardiology. 2024 Sep 1;226:118-
27.

https://doi.org/10.1016/j.amjcard.2024.07.011

Lam TH, Yen NT, Dat PT, Hung ND, Minh TD, Long NT, Vu NH,
Linh DC, Thanh NC, Van Thanh N. Slow Flow And No-Reflow
Phenomenon In The Intervention Of Coronary Arteries At
The Viet Nam National Heart Institute-Bach Mai Hospital.
Annals of Clinical Cardiology.:10-4103.
https://doi.org/10.4103 /accj.accj 20 24

Page | 519

Copyright © 2025. IJBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.



