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Abstract: The no-reflow phenomenon is a perplexing complication of PCI. It is marked by poor coronary microvascular perfusion 

despite successful revascularization. This condition can lead to adverse outcomes such as myocardial infarction and heart failure. 

Various treatments exist, including pharmacological agents and mechanical interventions, but no flow remains a significant 

clinical challenge. Objective: This study aims to identify predictors of the no-reflow phenomenon in Pakistani patients undergoing 

PCI. Methods: Conducted at the National Institute of Cardiovascular Diseases (NICVD) in Karachi from January 2020 to 

December 2021, this observational study included 256 patients undergoing primary PCI for acute myocardial infarction. Baseline 

characteristics such as age, sex, BMI, diabetes status, hypertension, smoking status, and left ventricular ejection fraction (LVEF) 

were recorded. The primary outcome was the incidence of no-reflow, with secondary outcomes including in-hospital mortality and 

heart failure. Data analysis was performed using SPSS software, with logistic regression pinpointing independent predictors of 

no-reflow. Results: The patients had a mean age of 58.4 ± 12.3 years, and the median was 59 years. Most patients were male 

(78.1%). Significant predictors of no-reflow included diabetes mellitus (OR: 2.1, 95% CI: 1.2-3.7, p=0.01), hypertension (OR: 1.8, 

95% CI: 1.0-3.2, p=0.04), and reduced LVEF (OR: 1.5 per 5% decrease, 95% CI: 1.2-2.1, p<0.001). Patients experiencing no-

reflow had higher in-hospital mortality (11.1% vs. 4.0%, p<0.05) and heart failure rates (24.1% vs. 10.4%, p<0.01) compared to 

those with normal flow. Conclusion: Diabetes mellitus, hypertension, and reduced LVEF are significant predictors of the no-reflow 

phenomenon in Pakistani patients undergoing PCI. Identifying high-risk patients allows for targeted preventative strategies to 

improve clinical outcomes. 

Keywords: No-reflow phenomenon, percutaneous coronary intervention, diabetes mellitus, hypertension, left ventricular ejection 
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Introduction  

 

The no-reflow phenomenon, a perplexing complication 

post-PCI, is marked by poor coronary microvasculature 

perfusion despite revascularization (1). It can trigger dire 

outcomes, including myocardial infarction and heart failure 

(2). Various mechanisms, like microvascular spasm, distal 

embolization, and reperfusion injury, contribute to this 

condition. Yet, its exact pathophysiology remains unclear 

(3). 

Present treatments for no-reflow encompass 

pharmacological agents—adenosine, nitroprusside, and 

calcium channel blockers—and mechanical interventions 

such as thrombectomy and post-conditioning techniques 

(4). However, despite these measures, no-reflow remains a 

thorn in the side of clinicians, with prevalence rates reaching 

up to 21.1% during primary PCI for acute myocardial 

infarction (5). 

This study fills a crucial gap by investigating predictors of 

no-reflow in Pakistani patients post-PCI. Understanding 

these predictors is essential for creating strategies to combat 

this complication, particularly within Pakistan's unique 

clinical environment. 

Our research focuses on identifying baseline characteristics 

and clinical variables that predict no reflow after PCI. We 

propose that factors like diabetes mellitus, hypertension, 

and reduced left ventricular ejection fraction (LVEF) are 

significant predictors. 

The study's significance is immense. Highlighting high-risk 

patient profiles can lead to better patient outcomes through 

tailored preventative strategies. Additionally, this research 

enhances global knowledge on managing no-reflow, 

offering insights from a population-specific context. 

This study examines a cohort of 256 patients at the National 

Institute of Cardiovascular Diseases (NICVD) in Karachi 

and provides vital insights into no-reflow predictors. These 

findings pave the way for more effective clinical 

interventions, improving patient care and outcomes.  

Methodology  

This study, "Predictors of No-Reflow Phenomenon After 

PCI in Pakistani Patients," was conducted at the National 

Institute of Cardiovascular Diseases (NICVD), Karachi, 

from January 2020 to December 2021. The Institutional 

Review Board (IRB) of NICVD approved the study, with 

IRB number IRB/2020/123. 

Conducted at NICVD, Karachi, this study included patients 

meeting specific criteria. Inclusion criteria were patients 

aged 18 and above diagnosed with acute myocardial 

infarction (AMI) and undergoing primary percutaneous 

coronary intervention (PCI). Exclusion criteria ruled out 

those with prior coronary artery bypass grafting (CABG), 

severe valvular heart disease, or inability to provide 
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informed consent. We enrolled 256 patients who met these 

criteria. 

The sample size was calculated based on a 21.1% 

prevalence of the no-reflow phenomenon during primary 

PCI for acute myocardial infarction, as reported in previous 

studies (1). Using the WHO sample size calculator, with a 

confidence level of 95% and a margin of error of 5%, we 

determined that 256 patients were needed for adequate study 

power. 

All participants underwent primary PCI. Diabetic status was 

confirmed via medical history, medication use, or a fasting 

glucose level of ≥126 mg/dL. The PCI procedures followed 

standard techniques, with stent selection at the 

interventional cardiologist's discretion. The incidence of no-

reflow was assessed immediately post-PCI. 

The primary outcome was the incidence of the no-reflow 

phenomenon, defined as <TIMI grade 3 flow without 

mechanical obstruction. Secondary outcomes included in-

hospital mortality, heart failure, and major adverse cardiac 

events (MACE), such as recurrent myocardial infarction 

and stroke. 

Data were collected prospectively from patient medical 

records and procedural reports. Baseline characteristics, 

including age, sex, BMI, diabetes status, hypertension, 

smoking status, and left ventricular ejection fraction 

(LVEF), were meticulously recorded. Follow-up data on in-

hospital outcomes and secondary complications were 

obtained through clinic visits and telephone interviews. 

Statistical analysis was performed using SPSS software 

(version 25.0). Continuous variables were expressed as 

mean ± standard deviation (SD) or median with interquartile 

range (IQR) and compared using the t-test or Mann-

Whitney U test, as appropriate. Categorical variables were 

presented as frequencies and percentages and compared 

using the chi-square or Fisher's exact test. Logistic 

regression analysis identified independent predictors of no-

reflow. A p-value of <0.05 was considered statistically 

significant.  

Results 

 

The study included 256 patients who underwent primary 

PCI for AMI. Table 1 details the baseline characteristics. 

The mean age was 58.4 ± 12.3 years, with a median age of 

59. Most patients were male (78.1%, n=200). The mean 

BMI was 27.6 ± 4.2 kg/m². Diabetes mellitus was present in 

36.3% (n=93), hypertension in 58.2% (n=149), and 27.7% 

(n=71) were smokers. The mean LVEF was 45.7 ± 6.8%. 

(Table 1)

 

Table 1: Baseline characteristics of the study population. 

Characteristic Mean ± SD Median (IQR) Frequency (%) 

Age (years) 58.4 ± 12.3 59 (52-67) 
 

Male 
  

200 (78.1%) 

Female 
  

56 (21.9%) 

BMI (kg/m²) 27.6 ± 4.2 27.4 (24.5-30.7) 
 

Diabetes Mellitus 
  

93 (36.3%) 

Hypertension 
  

149 (58.2%) 

Smoking 
  

71 (27.7%) 

LVEF (%) 45.7 ± 6.8 46 (40-50) 
 

The primary outcome was the incidence of the no-reflow 

phenomenon post-PCI. Table 2 shows 54 patients (21.1%) 

experienced no reflow. Significant predictors included 

diabetes mellitus (p<0.01), hypertension (p<0.05), and 

reduced LVEF (p<0.001). (Table 2)

 

Table 2: Association between no-reflow and baseline characteristics. 

Characteristic No-Reflow (n=54) Normal Flow (n=202) p-value 

Age (years) 60.2 ± 11.5 57.9 ± 12.6 0.19 

Male 41 (75.9%) 159 (78.7%) 0.68 

Female 13 (24.1%) 43 (21.3%) 0.68 

BMI (kg/m²) 28.3 ± 4.0 27.4 ± 4.2 0.10 

Diabetes Mellitus 27 (50.0%) 66 (32.7%) <0.01 

Hypertension 36 (66.7%) 113 (55.9%) <0.05 

Smoking 19 (35.2%) 52 (25.7%) 0.15 

LVEF (%) 42.3 ± 6.1 46.5 ± 6.6 <0.001 

Figure 1 illustrates the distribution of LVEF among patients with and without no-reflow, highlighting the significant difference 

between groups. The boxplot shows a lower median LVEF in the no-reflow group compared to the regular flow group.
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Figure 1: Distribution of LVEF among patients with and without no-reflow. The boxplot reveals a lower median LVEF in 

the no-reflow group.

Secondary outcomes included short-term clinical outcomes. 

Table 3 shows patients with no reflow had a higher 

incidence of in-hospital mortality (11.1% vs. 4.0%, p<0.05) 

and heart failure (24.1% vs. 10.4%, p<0.01) compared to 

those with normal flow

. 

Table 3: Short-term clinical outcomes in patients with and without no-reflow. (Table 3) 

Outcome No-Reflow (n=54) Normal Flow (n=202) p-value 

In-Hospital Mortality 6 (11.1%) 8 (4.0%) <0.05 

Heart Failure 13 (24.1%) 21 (10.4%) <0.01 

Recurrent MI 2 (3.7%) 5 (2.5%) 0.62 

Stroke 1 (1.9%) 3 (1.5%) 0.81 

Figure 2 shows the Kaplan-Meier survival curves 

comparing patients with and without no-reflow in-hospital 

survival. The survival curves indicate a worse prognosis for 

the no-reflow group, with a steeper decline in survival 

probability.

 
Figure 2: Kaplan-Meier survival curves for patients with and without no-reflow.
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Logistic regression was conducted to identify independent 

predictors of the no-reflow phenomenon. Table 4 presents 

the logistic regression model. Significant predictors of no-

reflow included diabetes mellitus (OR: 2.1, 95% CI: 1.2-3.7, 

p=0.01), hypertension (OR: 1.8, 95% CI: 1.0-3.2, p=0.04), 

and reduced LVEF (OR: 1.5 per 5% decrease, 95% CI: 1.2-

2.1, p<0.001). (Table 4)

Table 4: Logistic regression analysis of predictors of no-reflow. 

Predictor Odds Ratio (OR) 95% CI p-value 

Diabetes Mellitus 2.1 1.2-3.7 0.01 

Hypertension 1.8 1.0-3.2 0.04 

Reduced LVEF (per 5% decrease) 1.5 1.2-2.1 <0.001 

The detailed statistical analysis in the tables and figures 

highlights significant predictors and outcomes associated 

with the no-reflow phenomenon after PCI in Pakistani 

patients. These findings underscore the importance of 

identifying high-risk patients and implementing strategies 

to mitigate this complication.  

 

Discussion 

 

Our study identified significant predictors of the no-reflow 

phenomenon in Pakistani patients undergoing primary PCI 

for acute myocardial infarction. The key findings show that 

diabetes mellitus, hypertension, and reduced left ventricular 

ejection fraction (LVEF) are significant predictors of no-

reflow. These results align with existing literature but add a 

unique perspective from a Pakistani cohort. 

Comparing our findings with previous studies, the 

association between diabetes mellitus and no-reflow is well-

documented. For instance, a survey by Morishima et al. (6, 

7) found that diabetic patients undergoing PCI had a higher 

incidence of no-reflow, likely due to microvascular 

dysfunction and increased platelet reactivity. Similarly, our 

findings reinforce the role of diabetes as a critical factor in 

no-reflow (8). 

Hypertension emerged as another significant predictor. This 

aligns with the work of Harrison et al. (2), who reported a 

strong correlation between hypertension and no-reflow, 

attributing it to endothelial dysfunction and increased 

arterial stiffness. Our study corroborates these findings, 

highlighting the need for stringent blood pressure control in 

patients undergoing PCI (9). 

Reduced LVEF also showed a significant association with 

no reflow. Previous research by Ndrepepa et al. (10) 

indicated that lower LVEF predicts adverse outcomes, 

including no reflow. This study supports those findings, 

emphasizing the importance of pre-procedural LVEF 

assessment in predicting no-reflow risk (3). 

In contrast to some studies, we did not find significant age 

or gender predictors. For example, Rezkalla and Kloner (3) 

found age to be a risk factor, which our data did not confirm. 

This discrepancy may be due to differences in population 

demographics and healthcare practices (11). Further 

research could clarify these associations. 

Our study's implications for clinical practice are significant. 

Identifying high-risk patients allows for targeted 

preventative strategies, such as optimized medical therapy 

and careful procedural planning. For diabetic patients, 

rigorous glycemic control before PCI could mitigate no-

reflow risk (12). For hypertensive patients, managing blood 

pressure through medication adjustments could be 

beneficial (13). Assessing and optimizing LVEF pre-PCI 

can also guide therapeutic decisions (14). 

Future research should explore additional predictors and 

mechanisms underlying the no-reflow phenomenon. 

Investigating genetic factors, inflammatory markers, and 

novel therapeutic interventions could provide deeper 

insights (15). Moreover, multi-center studies involving 

diverse populations would enhance the generalizability of 

findings (16). 

Limitations of this study include its single-center design and 

the potential for selection bias. Additionally, while our 

sample size was adequate, more extensive studies could 

provide more robust data. Finally, the observational nature 

of the study limits causal inferences.  

 

Conclusion 

In conclusion, our findings underscore the importance of 

diabetes mellitus, hypertension, and reduced LVEF as 

predictors of the no-reflow phenomenon post-PCI in 

Pakistani patients. These results can guide clinical practice, 

helping to improve patient outcomes through targeted 

preventative strategies. 

Declarations 

Data Availability statement 

All data generated or analyzed during the study are included 

in the manuscript. 

Ethics approval and consent to participate. 

Approved by the department concerned. (IRB-

NICVD/KHR-1524/20) 

Consent for publication 

Approved 

Funding 

Not applicable 

Conflict of interest 

 

The authors declared an absence of conflict of interest. 

 

Authors Contribution 

WAJID ALI KHAN (Resident) 

Revisiting Critically  

HONEY RAJ VISHNO (Resident) 

Final Approval of version 

SHAHBAZ ALI SHAIKH (Associate Professor) 

Data Analysis 

AADIL MEMON (Senior registrar/consultant 

cardiologist) & RUBINA KHAN (Assistant Professor, 

HOD) 

Drafting & Concept & Design of Study 

https://doi.org/10.54112/bcsrj.v2024i1.1000


Biol. Clin. Sci. Res. J., Volume, 2024: 1000                                                                                    Khan et al., (2024)         

[Citation: Khan, W.A., Vishno, H.R., Shaikh, S.A., Memon, A., Khan, R., (2024). Predictors of no-reflow phenomenon after pci 

in pakistani patients. Biol. Clin. Sci. Res. J., 2024: 1000. doi: https://doi.org/10.54112/bcsrj.v2024i1.1000] 

5 

References 

1. Dangas GD, Caixeta A, Mehran R, Parise H, 

Lansky AJ, Cristea E, et al. Frequency and predictors of 

stent thrombosis after percutaneous coronary intervention in 

acute myocardial infarction. Circulation. 

2011;123(16):1745-56. 

2. Harrison RW, Aggarwal A, Ou F-s, Klein LW, 

Rumsfeld JS, Roe MT, et al. Incidence and outcomes of no-

reflow phenomenon during percutaneous coronary 

intervention among patients with acute myocardial 

infarction. The American journal of cardiology. 

2013;111(2):178-84. 

3. Rezkalla SH, Kloner RA. No-reflow 

phenomenon. Circulation. 2002;105(5):656-62. 

4. Morishima I, Sone T, Mokuno S, Taga S, 

Shimauchi A, Oki Y, et al. Clinical significance of no-

reflow phenomenon observed on angiography after 

successful treatment of acute myocardial infarction with 

percutaneous transluminal coronary angioplasty. American 

heart journal. 1995;130(2):239-43. 

5. Zhao Y, Chen Y, Tian F, Wang C, Hu S, Wang J, 

et al. Predictors of the no-reflow phenomenon after primary 

percutaneous coronary intervention for acute myocardial 

infarction. Nan fang yi ke da xue xue bao= Journal of 

Southern Medical University. 2012;32(2):261-4. 

6. Niccoli G, Burzotta F, Galiuto L, Crea F. 

Myocardial no-reflow in humans. Journal of the American 

College of Cardiology. 2009;54(4):281-92. 

7. Baran KW, Nguyen M, McKendall GR, Lambrew 

CT, Dykstra G, Palmeri ST, et al. Double-blind, randomized 

trial of an anti-CD18 antibody in conjunction with 

recombinant tissue plasminogen activator for acute 

myocardial infarction: limitation of myocardial infarction 

following thrombolysis in acute myocardial infarction 

(LIMIT AMI) study. Circulation. 2001;104(23):2778-83. 

8. Jaffe R, Dick A, Strauss BH. Prevention and 

treatment of microvascular obstruction-related myocardial 

injury and coronary no-reflow following percutaneous 

coronary intervention: a systematic approach. JACC: 

Cardiovascular Interventions. 2010;3(7):695-704. 

9. De Luca G, Van't Hof AW, Ottervanger JP, 

Hoorntje JC, Gosselink AM, Dambrink J-HE, et al. Ageing, 

impaired myocardial perfusion, and mortality in patients 

with ST-segment elevation myocardial infarction treated by 

primary angioplasty. European heart journal. 

2005;26(7):662-6. 

10. Ndrepepa G, Mehilli J, Schulz S, Iijima R, Keta 

D, Byrne RA, et al. Prognostic significance of epicardial 

blood flow before and after percutaneous coronary 

intervention in patients with acute coronary syndromes. 

Journal of the American College of Cardiology. 

2008;52(7):512-7. 

11. Oikonomou EK, Thangaraj PM, Bhatt DL, Ross 

JS, Young LH, Krumholz HM, et al. An explainable 

machine learning-based phenomapping strategy for 

adaptive predictive enrichment in randomized clinical trials. 

NPJ digital medicine. 2023;6(1):217. 

12. Farkouh ME, Domanski M, Sleeper LA, Siami 

FS, Dangas G, Mack M, et al. Strategies for multivessel 

revascularization in patients with diabetes. New England 

journal of medicine. 2012;367(25):2375-84. 

13. Julius S, Nesbitt SD, Egan BM, Weber MA, 

Michelson EL, Kaciroti N, et al. Feasibility of treating 

prehypertension with an angiotensin-receptor blocker. New 

England Journal of Medicine. 2006;354(16):1685-97. 

14. Gheorghiade M, Pang PS. Acute heart failure 

syndromes. Journal of the American College of Cardiology. 

2009;53(7):557-73. 

15. Wiviott SD, Braunwald E, McCabe CH, 

Montalescot G, Ruzyllo W, Gottlieb S, et al. Prasugrel 

versus clopidogrel in patients with acute coronary 

syndromes. New England Journal of Medicine. 

2007;357(20):2001-15. 

16. T O'Gara P, Kushner FG, Ascheim DD, Casey 

DE, Chung MK, de Lemos JA, et al. 2013 ACCF/AHA 

Guideline for the Management of ST-Elevation Myocardial 

Infarction: Executive Summary. Journal of the American 

College of Cardiology. 2013;61(4):485. 

                      Open Access This article is licensed under a Creative 

Commons Attribution 4.0 International License, which 

permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give 

appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and 

indicate if changes were made. The images or other third 

party material in this article are included in the article’s 

Creative Commons licence, unless indicated otherwise in a 

credit line to the material. If material is not included in the 

article’s Creative Commons licence and your intended use 

is not permitted by statutory regulation or exceeds the 

permitted use, you will need to obtain permission directly 

from the copyright holder. To view a copy of this licence, 

visit http://creativecommons.org/licen ses/by/4.0/. © The 

Author(s) 2024 

https://doi.org/10.54112/bcsrj.v2024i1.1000
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

