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Abstract

Background: Coronary No-Reflow (CNR) is one of the common and life-threatening 
complications that occurs during Primary Percutaneous Coronary Intervention (PPCI) 
in the setting of acute ST Elevation Myocardial Infarction (STEMI). Rapid restoration 
of myocardial perfusion is a major challenge during this condition in order to reduce 
morbidity and mortality. Unfortunately, the best treatment of CNR is still unknown. 

Aim: To compare between the efficacy of intracoronary verapamil and intracoronary 
epinephrine in the treatment of coronary no-reflow during PPCI for STEMI patients 
versus standard therapy (Glycoprotein IIb/IIIa inhibitors).

Methodology: This study was a prospective clinical trial in which 150 patients 
were included and randomly divided into three groups (verapamil, adrenaline and 
control-intracoronary Glycoprotein IIb/IIIA inhibitors). Immediate outcome was 
noted (Thrombolysis in Myocardial Infarction (TIMI) flow grade and Myocardial 
Blush Grade (MBG)) as well as short term outcome (Rise in Left Ventricular Ejection 
Fraction (LVEF) after 3 months from the index event).

Results: Verapamil and Control groups achieved better TIMI flow (100%) than 
adrenaline group (92%). Intracoronary verapamil led to significantly better MBG 
(grade 2 or 3 in 60% of cases) compared to 38% in adrenaline group and 46% in 
control group and rise in LVEF was significantly higher in verapamil group (mean 
rise=19.6%). 

Conclusion: Intracoronary verapamil injection is better than intracoronary adrenaline 
and intracoronary Glycoprotein II/IIIa inhibitors in the reversal of CNR during PPCI 
and in the improvement of LVEF at three months follow up.

Keywords:  Coronary no reflow .  Intracoronary verapamil .  Coronary intervention

Introduction

ST segment Elevation Myocardial Infarction (STEMI) is usually caused by total 
thrombotic occlusion of one or more of the epicardial coronary arteries. All recent 
trials and guidelines point to the importance of early and successful reperfusion of 
the myocardium by Primary Percutaneous Coronary Intervention (PPCI) in order 
to reduce Major Cardiac Adverse Events (MACE) and mortality. One of the major 
complications that faces interventional cardiologists during PPCI is Coronary No 
Reflow (CNR), a situation that affects both short term and long-term results [1]. 

CNR is defined as reduced coronary flow and myocardial perfusion despite reperfusion 
therapy with Percutaneous Coronary Intervention (PCI) during acute Myocardial 
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Infarction (MI), and is diagnosed immediately after PCI when 
post-procedural angiographic Thrombolysis in Myocardial 
Infarction risk score (TIMI) flow is <3, or if TIMI flow is 3 and 
Myocardial Blush Grade (MBG) is 0 or 1, or when ST resolution 
is <70% within 60-90 min of the procedure [2]. 

Coronary blood flow is evaluated using the (TIMI) flow grading 
system as follows; TIMI 0=no ante-grade flow beyond the point 
of occlusion, TIMI 1=faint ante-grade flow beyond the point of 
occlusion with incomplete filling of the distal vascular bed, TIMI 
2=delayed or sluggish ante-grade flow with complete filling of the 
distal vascular beds, TIMI 3=normal flow with complete filling of 
the distal vascular bed [3]. 

MBG is defined as; MBG 0=No myocardial blush or contrast 
density, MBG 1=minimal myocardial blush or contrast density, 
MBG 2=moderate myocardial blush or contrast density but 
less than that obtained during angiography of a contralateral or 
ipsilateral non-infarct-related coronary artery, MBG 3=normal 
myocardial blush or contrast density, comparable with that 
obtained during angiography of a contralateral or ipsilateral non-
infarct-related coronary artery [3]. 

The exact mechanism of CNR is not fully understood, thus the best 
treatment strategy is still unknown. The only therapy mentioned 
in the guidelines of STEMI management is GP IIb/IIIa inhibitors. 
Many other treatment strategies were proposed but did not gain 
solid approval, e.g. mechanical maneuvers like balloon inflation or 
thrombus aspiration, or pharmacological agents like intracoronary 
injection of adenosine, sodium nitroprusside, nitrates, verapamil 
and epinephrine [4]. 

Aim of the study

To compare between the efficacy of intracoronary verapamil and 
intracoronary epinephrine in the treatment of CNR during PPCI 
for STEMI patients versus standard therapy (Glycoprotein IIb/IIIa 
inhibitors).

Methodology

This study is a single center randomized controlled trial that 
included all STEMI patients who presented to the Emergency 
Room of Ain Shams University Hospital from December 2020 till 
September 2021 and who developed CNR during PPCI. 

The study was conducted after gaining the approval of the ethical 
committee of faculty of medicine in Ain Shams university (FWA 
000017585 MD 97/2020).

Patients were subjected to the following

Informed consent: History taking include name, age sex, race, 

smoking status, diabetes, hypertension, renal impairment, 
history of coronary artery disease, drug history, previous coronary 
intervention, and time to first to medical contact. 

Examination: Including vital data and local examination. 12 lead 
ECG within 10 minutes of presentation.

admission, complete blood picture and kidney function tests.

All patients received a loading dose of 300 mg aspirin and 600 
mg clopidogrel as well as 20 mg rosuvastatin. Upon diagnosis of 
STEMI, patients were transferred to the catheterization lab for 
PPCI performed by an expert interventional cardiologist who 
performed more than 75 PPCI per year [5].

Inclusion and Exclusion Criteria in our Study 

Inclusion criteria 

• Patients who are 18 years or older.

• Patients who fulfilled STEMI diagnosis: Symptoms consistent 
with myocardial ischemia in the form of persistent chest pain and 
ECG findings consistent with STEMI as following ST-segment 
elevation measured from the J point in the following settings: ≥ 2 
contiguous leads with ST segment elevation ≥ 2.5 mm in men <40 
years old, >2 mm in men >40 years old, or >1.5 mm in women in 
leads V2-V3 and/or >1 mm in all other leads [5].

• Patients who developed CNR during PPCI after stent 
deployment.

Exclusion criteria

• Performance of rescue PCI after thrombolysis.

• Patients who developed dissection or mechanical complication 
during the procedure.

• Patients with other vessel significant disease (other than the 
culprit vessel) or those who have more than one culprit vessel.

• Contraindications to epinephrine as hypertension with SBP>180 
mmHg, known allergy to epinephrine.

• Contraindications to verapamil as hypotension with SBP<90 
mmHg or cardiogenic shock and severe bradycardia or second- 
and third-degree heart block.

• Patient who has received both medications.

Angiography and PCI

Diagnostic coronary angiography was done viewing the anatomy 
of the coronary circulation. Stenosis or occlusion of the coronary 

Laboratory investigations: Including random blood sugar at 
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arteries was then visualized, and the culprit vessel was identified. 
Culprit vessel in STEMI was identified angiographically by total or 
near total occlusion of the epicardial coronary vessel supplying the 
territory affected as suggested by ECG changes on presentations 
[6].

Several examples of totally occluded coronary arteries from our 
patients: PPCI was performed according to current guideline 
recommendations and operators’ routine practice. Balloon 
inflation was only done if distal flow was not clear after passing 
the PTCA wire through the culprit vessel. Mechanical thrombus 
aspiration was not done in any case (Figures 1 and 2). All PPCI 
cases were done using Drug Eluting Stents (DES), the size and 
positioning of the stent were determined by the operators’ decision 
based on case-by-case basis [7].

Tissue perfusion as an immediate outcome and one of the end 
points in this study was reassessed after an average latent period of 
2 minutes in at least 2 projections using TIMI Flow Grade (TFG) 
and MBG at a frame rate of 30 per second.

No reflow was diagnosed in patients when post-procedural 
angiographic TIMI flow is <3, or if TIMI flow is 3 and Myocardial 
Blush Grade (MBG) is 0 or 1. Patients who developed CNR 
(n=150) were randomly divided into 3 equal groups (n=50) using 

a dedicated computer software program (Research Randomizer) as 
follows [8]: 

• Group A was the standard Control group.

• Group B was the adrenaline group.

• Group C was the verapamil group. As illustrated in Figure 3

(A) Group A represented the standard control group which was 
given loading dose of intracoronary tirofiban of 0.25 mg/kg 
slowly over 3 minutes duration and after the procedure is finished, 
patients were continued in the CCU on a maintenance dose of 
tirofiban at an infusion rate of 0.15 mg per kg per minute for 18 
hours [4].

(B) Group B represented the adrenaline group which was given 
loading dose of tirofiban of 0.25 mg/kg slowly over 3 minutes 
duration and 200 micrograms of adrenaline intracoronary.

(C) Group C represented the verapamil group which was given 
loading dose of tirofiban of 0.25 mg/kg slowly over 3 minutes 
duration and 200 micrograms of verapamil intracoronary.

The Tirofiban loading dose, adrenaline and verapamil were given 
distal to the lesion site for better tissue accessibility. Self-made holes 
were created in a semi compliant balloon and then introduced 
distal to the lesion where the intracoronary agent was injected via 
the balloon into the distal capillary bed by an in-deflator [9]. After 
the drug was delivered, the coronary flow was re-assessed by the 
TIMI Flow Grade (TFG) and MBG 3 minutes later using the 
same projections previously used. 

All patients were admitted to the coronary care unit for follow up 
and performed an echocardiogram for establishing a baseline Left 
Ventricular Ejection Fraction (LVEF). A Vivid 7 echo-machine 
and a 2.5 MHz matrix transducer with second harmonic imaging 
were used for data acquisition. Echocardiographic raw data of 
the apical 4, 2 and long axis view were stored in cineloop format 

Figure 1: Proximal left anterior descending coronary artery occlusion in oblique 
anterior right caudal (A) and left cranial (B) views.

Figure 3: The proposed algorithm implemented in this study.

Figure 2: Coronary angiography in LAO view showing proximal total occlusion 
of RCA.
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triggered on the R-wave in the corresponding ECG, and analysis of 
three consecutive sinus heart beats was performed using dedicated 
software (EchoPAC software workstation (version BT11), GE 
Vingmed Ultrasound AS). 2D Eyeballing from a combination of 
parasternal and apical images, Simpson 2D-volumetric method 
based on endocardial tracing of an apical 2 and 4-chamber image 
were used to assess LVEF.

Patient were asked for a follow up appointment after 3 months for 
recanting functional capacity of the patient, repeat echo to assess 
LVEF, repeat hospitalization, re-infarction.

Statistical analysis 

Data were collected, coded, revised, and entered the Statistical 
Package for Social Science (IBM SPSS) version 20. The data 
were presented in the form of numbers and percentages for the 
qualitative data, mean, standard deviations, and ranges for the 
quantitative data with the parametric distribution. Chi-square test 
was used in the comparison between three groups with qualitative 
data. The comparison between three groups with quantitative data 
and parametric distribution (tested by histogram) was done by 
using One-way ANOVA test. 

The confidence interval was set to 95% and the margin of error 
accepted was set to 5%. So, the P-value was considered significant 
as the following:

• P>0.05: Non-Significant (NS) 

• P<0.05: Significant (S) 

• P<0.01: Highly significant (HS).

Results

The demographic data and cardiovascular risk factors of the studied 
patient population were shown in Table 1.

Table 1: The demographic data and cardiovascular risk factors 
of the studied patient population.

N=150

Age(years)
Mean ± SD 56.75 ± 9.64

Range 37-85

Sex
Female 32 (21.3%)

Male 118 (78.7%)

Diabetes
No 81 (54.0%)
Yes 69 (46.0%)

Hypertension
No 82 (54.7%)
Yes 68 (45.3%)

Previous ischemic 
history

No previous ischemic 114 (76.0%)
Previous ischemic 31 (20.7%)

AF 2 (1.3%)
Post COVID 1 (0.7%)
No previous 

ischemic+post COVID 2 (1.3%)

Smoking

No 31 (20.7%)

Yes 115 (76.7%)

Smoker+Cannabis 4 (2.7%)

Chest pain onset(hours)
Median (interquartile 

range) 6.5 (3-12)

Range 1-36

Amongst the non-modifiable risk factors: Age and male gender 
were associated with higher risk of CNR, probably due to higher 
thrombus burden in such patients. Regarding the modifiable 
risk factors smoking, Diabetes and hypertension were associated 
with higher risk of CNR, possibly due to more extensive diseased 
microvascular coronary circulation. The median of chest pain 
onset was 6.5 hours.

The baseline clinical, lesion, and procedural characteristics of the 
patients included in our study are shown in Table 2. Around two 
thirds (63.3%) of the patients in our study presented with anterior 
STEMI and more than two thirds of the patients in the study had 
proximal total occlusion in the culprit vessel. Almost 60% of the 
no reflow patients had grade 5 thrombus (Figure 4).

Table 2: The baseline clinical, lesion, and procedural 
characteristics of the patients included in our study.

  N %

Site

Anterior 95 63.3%
Inferior 36 24.0%

Posterior 2 1.3%
Lateral 4 2.7%

Inferoposterior 11 7.3%
Inferolateral 2 1.3%

Culprit vessel

LAD 95 63.3%
RCA 40 26.7%
LCX 12 8.0%
OM 3 2.0%

Level of occlusion

Proximal 98 65.3%
Mid 53 35.3%

Ostial 25 16.7%
Distal 7 4.7%

Ectatic 5 3.3%
Aneursymal 1 0.7%

Stent
1 88 58.7%
2 59 39.3%
3 3 2.0%

Thrombus burden
3 20 13.3%
4 39 26.0%
5 91 60.7%

Intracoronary 
agent

Control 50 33.3%
Verapamil 50 33.3%
Adrenaline 50 33.3%

Abbreviations: LAD: Left Anterior Descending; RCA: Right Coronary Artery; 
LCX: Left Circumflex Artery; OM: Obtuse Marginal
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Table 3: The clinical characteristics and cardiovascular risk factors of all 3 groups.
Intracoronary agent

Test value p-value Sig.Control Verapamil Adrenaline

N=50 N=50 N=50

Age
Mean ± SD 53.38 ± 9.79 58.80 ± 9.99 58.08 ± 8.32

4.907 0.9 Non-significant
Range 38-74 37-85 43-78

Sex
Female 10 (20.0%) 10 (20.0%) 12 (24.0%)

0.318 0.853 Non-significant
Male 40 (80.0%) 40 (80.0%) 38 (76.0%)

Diabetes
No 26 (52.0%) 31 (62.0%) 24 (48.0%)

2.093 0.351 Non-significant
Yes 24 (48.0%) 19 (38.0%) 26 (52.0%)

Hypertension
No 29 (58.0%) 23 (46.0%) 30 (60.0%)

2.313 0.315 Non-significant
Yes 21 (42.0%) 27 (54.0%) 20 (40.0%)

Previous ischemic 
history

No previous 
ischemic 35 (70.0%) 44 (88.0%) 35 (70.0%)

17.679 0.24 Non-significant

Previous ischemic 12 (24.0%) 4 (8.0%) 15 (30.0%)

AF(atrial 
fibrillation) 2 (4.0%) 0 (0.0%) 0 (0.0%)

Post COVID 1 (2.0%) 0 (0.0%) 0 (0.0%)

No previous 
ischemic+post 

COVID
0 (0.0%) 2 (4.0%) 0 (0.0%)

Smoking

No 4 (8.0%) 9 (18.0%) 18 (36.0%)

20.368 0.1 Non-significantYes 46 (92.0%) 37 (74.0%) 32 (64.0%)

Smoker+Hashish 0 (0.0%) 4 (8.0%) 0 (0.0%)

Chest pain onset
Median (IQR) 4 (2-12) 11 (4-12) 8 (3-12)

7.368 0.25 Non-significant
Range 1-24 2-36 1-24

The clinical characteristics and cardiovascular risk factors of all 
3 groups were compared in Table 3. There was no statistically 
significant difference between all 3 groups. The chest pain duration 
was slightly higher in verapamil group (11 Hours) in contrast to 
adrenaline group (8 Hours) and control group (4 Hours) yet was 
statistically non-significant (P=0.25). Use of balloon dilatation 
before stent deployment was not significantly different between 
the three groups.

The Baseline lesion and procedural characteristics of the coronary 
system of the patients in all three group were compared in Table 4 
showing neither discernable difference nor statistical significance.

The immediate outcome depicted by the myocardial tissue 
perfusion assessed by TIMI flow grade and MBG were compared 
between the 3 groups in Table 5 showing superiority of verapamil 
and control group in TFG compared to the adrenaline where 
100% of the control and verapamil group ended up with TIMI 
III flow while 92% of the adrenaline group had TIMI III flow 
(P=0.0106) (Figure 5). 

Furthermore, 60% of the verapamil group had MBG 2 or 3 in 
contrast to (38% and 46%) in the adrenaline and control group 
respectively. So, in terms of immediate outcomes, verapamil was 
the most successful agent in the reversal of CNR.

The short term outcomes depicted by the improvement of 
LVEF after 3 months follow up period was compared between 
the 3 groups in Table 6 showing a better improvement in the 
LV functions with verapamil in comparison to the control and 
adrenaline groups (P=0.021). Some of the cases in the verapamil 
group had up to 30% rise in the EF after 3 months follow up.

Figure 4: Evaluates the percentage of each grade of the thrombus burden in the 
studied patients depicting a higher percentage of thrombus burden grade 5 in CNR 
patients.
Note: (       ) 3, (        )4, (       )5 
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Table 4: The Baseline lesion and procedural characteristics of the coronary system of the patients in all three group.

Intracoronary agent

Test value p-value Sig.Control Verapamil Adrenaline

N % N % N %

Site

Anterior 31 62.0% 34 68.0% 30 60.0%

14.228 0.163 Non-significant

Inferior 11 22.0% 11 22.0% 14 28.0%

Posterior 0 0.0% 2 4.0% 0 0.0%

Lateral 0 0.0% 2 4.0% 2 4.0%

Inferoposterior 6 12.0% 1 2.0% 4 8.0%

Inferolateral 2 4.0% 0 0.0% 0 0.0%

Culprit vessel

LAD 31 62.0% 33 66.0% 31 62.0%

2.134 0.907 Non-significant
RCA 13 26.0% 13 26.0% 14 28.0%

LCX 4 8.0% 4 8.0% 4 8.0%

OM 2 4.0% 0 0.0% 1 2.0%

Level of 
occlusion

Proximal 30 60.0% 38 76.0% 30 60.0% 3.768 0.152 Non-significant

Mid 23 46.0% 13 26.0% 17 34.0% 4.435 0.109 Non-significant

Distal 3 6.0% 3 6.0% 1 2.0% 1.199 0.549 Non-significant

Ectatic 4 8.0% 0 0.0% 1 2.0% 5.379 0.068 Non-significant

Aneurysmal 0 0.0% 1 2.0% 0 0.0% 2.013 0.365 Non-significant

Figure 5: Diagram showing percentage of TIMI 3 flow in the 3 groups. 
Note: (       ) Control, (       )Verapamil, (      )Adrenaline

Table 5: The immediate outcomes depicted by the myocardial tissue perfusion assessed by TIMI flow grade and MBG were 
compared between the 3 groups.

Intracoronary agent

Test value p-value Sig.Control Verapamil Adrenaline

N % N % N %

Thrombolysis in 
Myocardial Infarction 

(TIMI flow)

TIMI 2 0 0.00% 0 0.00% 4 8.00%
8.219 0.016 Significant

TIMI 3 50 100.00% 50 100.00% 46 92.00%

Myocardial Blush Grade
0-1 27 54.00% 20 40.00% 31 62.00%

10.047 0.003 Highly 
significant2-3 23 46.00% 30 60.00% 19 38.00%
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Discussion

The main goal of this study was to compare between the benefits 
obtained from intracoronary adrenaline and verapamil compared 
to standard control group in reversal of CNR during PPCI in the 
setting of acute STEMI. The study results showed that verapamil 
led to better MBG, TFG and higher rise in EF after 3 months as 
compared to adrenaline and control groups.

To the best of our knowledge, this head-to-head comparison 
between the two drugs was not previously performed. Yet, many 
prior studies have separately evaluated the efficacy of both the 
verapamil and adrenaline in the setting of no reflow during PPCI 
and have supported their use. 

A recently published trial tackled the use of both drugs in the 
prevention of CNR using distal intracoronary drug delivery. 
No reflow was lower with epinephrine than verapamil (25% vs. 
27.5%); however, with no statistically significant difference [10]. 
In our study, drug delivery was done to reverse CNR after its actual 
occurrence, a fact that might explain why we found verapamil 
superior than adrenaline.

In a previous meta-analysis study that evaluated short-term effect 
of verapamil on coronary no-reflow associated with percutaneous 
coronary intervention in patients with acute coronary syndrome, 
verapamil proved to be effective in decreasing the incidence of CNR, 
improving TFG, reducing the 30-day Wall Motion Index (WMI) 
and reducing MACE. However, administration of verapamil did 
not provide an additional improvement of left ventricular ejection 
fraction regardless of the time that had passed post-PCI [11]. In 
our study, verapamil led to a significant improvement in LVEF, 
3 months after STEMI. This difference might be explained by 
the fact that they used Cardiac MRI to depict changes in ejection 
fraction, while echocardiography was used in this study.

 In another study, verapamil had a success rate of 84% in reversal 

of CNR in patients with STEMI during PPCI [12].

Regarding adrenaline, a mean of 333 mcg of intracoronary 
epinephrine successfully reversed MBG in 75% of patients during 
PPCI [13]. However, in their study larger repeated dosing of the 
drug was used in the patient until reversal of no reflow, a fact that 
may explain why adrenaline was not that effective in our study 
(only 68% had MBG 2-3 in the adrenaline group). 

In another study, thirty consecutive patients with severe refractory 
coronary no-reflow (TIMI 0-1, MBG 0-1) during PPCI were 
prospectively included after initial failure of conventional 
treatments, e.g. intracoronary Glycoprotein IIB/IIA inhibitors, 
nitrates and thrombectomy. Intracoronary administration of 
epinephrine yielded significantly better coronary flow compared to 
control and there was a significant reduction of 30-day composite 
of death or heart failure, improvement of ejection fraction and ST-
segment resolution [14].

Change and improvement in LV functions as one of the end 
points of the study was compared among all three groups showing 
significant improvement among the verapamil group (10.11% in 
the control group, 19.6% in the verapamil group and 9.18% in 
the adrenaline group with P=0.021). These results coincide with 
the previous studies in that both drugs reverse CNR and cause an 
improvement in LVEF during follow up [15,16].

Conclusion

Finally, it should be noted that the study showed no demonstrable 
benefit of adrenaline in both immediate and short term outcomes 
as compared to the control. We postulate that the cause of worse 
outcome in the adrenaline group was due to the fact that this 
drug increases platelet aggregation, causes ventricular arrythmias, 
increases left ventricular end diastolic pressure and has direct toxic 
effect on the myocardium. 

Table 6: The short term outcomes depicted by the improvement of LVEF after 3 months follow up period was compared between 
the 3 groups.

Intracoronary agent

Test value p-value Sig.Control Verapamil Adrenaline

N=50 N=50 N=50

Index EF
Mean ± SD 36.30 ± 8.19 35.70 ± 8.63 36.46 ± 8.76

0.11 0.896 Non-significant
Range 20-60 20-50 24-55

Follow up EF Mean ± SD 40.00 ± 9.85 41.70 ± 9.88 39.40 ±9.18
0.766 0.467 Non-significant

Range 20-60 25-60 25-55

% Of change
Mean ± SD 10.11 ± 10.73 19.60 ± 29.47 9.18 ± 16.57

3.963 0.021 Significant
Range 0-33.33 -11.11-125 -14.29-66.67
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In the case of CNR during PPCI, administration of intracoronary 
verapamil was more effective than adrenaline and Gp IIb/IIIa 
inhibitors in terms of both immediate outcome (reversal of CNR 
and better MBG) and short term outcome (higher rise in LVEF).

Limitations

The study was a single center study with limited number of patients. 
Many effective drugs were not included in the comparison, e.g. 
adenosine. The follow up period was short.
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