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A B S T R A C T   

Background: Bleeding is a common complication associated with percutaneous coronary intervention (PCI). The 
aim of this study was to determine the prevalence of bleeding after PCI through a systematic review and meta- 
analysis. 
Methods: The systematic review and meta-analysis covered the period from 1989 to 2023. Multiple databases, 
including Embase, PubMed, Scopus, Web of Sciences (WoS), MagIran, Scientific Information Database (SID), and 
Google Scholar, were searched using validated keywords with MeSH and Emtree. The I2 index was used to check 
for heterogeneity among studies. 
Results: The review of 8 studies, with a sample size of 397,298 participants, showed high heterogeneity (I2: 97.8 
%). Therefore, the random effects method was used to analyze the results. The prevalence of bleeding after 
intervention in percutaneous coronary arteries was reported to be 4.4 % (95%CI: 2–9.1). 
Conclusion: This meta-analysis showed a significant prevalence of bleeding after PCI, highlighting the need for 
health policymakers to pay more attention to the complications associated with PCI. Interventional cardiologists 
should consider the effective factors in these bleeding and how to treat and control them due to the importance of 
this complication.   

1. Background 

Coronary artery disease (CAD) is a serious health problem worldwide 
and the most significant cardiovascular disorder.1 It is estimated that by 
2025, cardiovascular disorders will cause nearly 7.8 million premature 
CVD deaths.1–3 The most important risk factors for coronary artery 
diseases are high cholesterol, high blood fat, smoking, high blood 
pressure, diabetes mellitus, obesity, and inactivity.4–6 Therefore, timely 
diagnosis and treatment of coronary artery disease is essential to reduce 
mortality and complications in patients.6 PCI is a non-surgical method 
used to treat coronary artery stenosis.7–12 

Local side effects can vary from painful hematomas that heal on their 
own to life-threatening retroperitoneal bleeding.13–15 Retroperitoneal 
bleeding can occur if access is too proximal, while hematoma, false 

aneurysm, and arteriovenous fistula can occur if access is too distal 
(relative to the inguinal fold).16,17 Bleeding is the most common 
non-cardiac complication in patients who undergo percutaneous coro-
nary intervention and is associated with increased risks of death, 
myocardial infarction (MI), stroke, and longer hospital stays.18,19 The 
difference in the amount of bleeding after PCI is related to the access site 
(radial versus femoral), the skill of the operator and the way of pre-
scribing antiplatelet and anticoagulant drugs. Given the high prevalence 
of cardiovascular disorders that require percutaneous coronary in-
terventions and the fact that bleeding is the most common complication 
caused by this procedure, it is important to conduct a general statistical 
study of the prevalence of bleeding after PCI. Different studies around 
the world have reported the prevalence and different and heterogeneous 
values of the prevalence of bleeding after PCI, and according to the 
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growing trend of the prevalence of cardiovascular complications and the 
need for intervention in this field, as well as to homogenize the infor-
mation and values of the reported prevalence. The aim of this study is a 
systematic review and meta-analysis of the overall prevalence of 
bleeding after PCI in the world and to reduce the heterogeneity of 
studies. 

2. Methods 

The present study was conducted using the systematic review and 
meta-analysis methods in accordance with the PRISMA 2020 guidelines 
(http://www.prisma-statement.org/), including the steps of identifica-
tion, screening, eligibility, and inclusion. In order to minimize potential 
errors, inaccuracies, and publication bias, all stages of searching, eval-
uating, identifying, and selecting articles, as well as extracting data, 
were independently carried out by two researchers. In the event of 
discrepancies, a supervisor was consulted to facilitate consensus. 

2.1. Identification of studies 

To identify relevant records for the research question - “What is the 
prevalence of bleeding after PCI?” - we conducted a comprehensive 
search of both Persian information databases, including Scientific In-
formation Database (SID) and MagIran, and international databases 
such as PubMed, Embase, Scopus, and Web of Science (WoS). The search 
strategy in each database was determined by using validated keywords 
and Medical Subject Headings (MeSH) for PubMed and Emtree (Elsev-
ier’s authoritative life science thesaurus) for Embase. The keywords 
were combined using OR and AND operators to identify all relevant 
studies. 

The search was not restricted by language or time frame and 
included all relevant articles available until February 2023 (1989 to 
2023). In order to ensure the completeness of the search, additional 
records were identified by manual searching in the Google Scholar 
search engine and reviewing the reference lists of retrieved papers 
(supplementary). 

2.2. Inclusion criteria 

Original research articles, Observational articles (cross-sectional 
studies, cohort studies, case-control studies.), Randomized clinical trials, 
Access to the full text of the article, Studies that reported the percentage 
or frequency of bleeding after PCI. 

3. Exclusion criteria 

Qualitative studies, case series, case reports, Unavailability of the full 
text of the article after three emails to the corresponding author of the 
study, Repeated and overlapping studies identified in different 
databases. 

3.1. Selection process of studies 

Search strategies were devised for each database, and all retrieved 
records were imported into EndNote X8. The first step was to remove all 
duplicate and overlapping studies from different databases. Next, the 
names of the authors, institutions, and journals were removed from all 
studies. The titles and abstracts of studies were reviewed, and irrelevant 
studies were excluded. The full texts of the remaining records were 
carefully reviewed, following the inclusion and exclusion criteria, and 
irrelevant studies were excluded. Finally, articles that met all inclusion 
criteria were subjected to a qualitative assessment. 

3.1.1. Quality assessment 
A checklist developed for observational studies was used to assess the 

quality of the articles. The checklist used was the Strengthening the 

Reporting of Observational Studies in Epidemiology Checklist 
(STROBE), comprising six categories, including title, abstract, intro-
duction, methods, results, and discussion and containing 32 items. Ar-
ticles with a score of 16 or higher were considered to be of good and 
moderate methodological quality, and articles with a score below 16 
were considered to be of poor methodological quality and therefore 
excluded from the study. 

3.2. Data extraction 

Two researchers extracted the data using a previously created 
checklist. The checklist consisted of the first author’s name, year of 
publication, study location, sample size, categories and the average age 
of participants, the prevalence of bleeding after PCI, and study 
instruments. 

3.3. Statistical analysis 

The results extracted from this study were entered into the 
Comprehensive Meta-Analysis Software Version 2, and the heterogene-
ity of the studies was assessed using the I2 test. To investigate publica-
tion bias, the Egger test was conducted at a significance level of 0.05, 
along with the use of the funnel plot. 

4. Results 

This systematic review and meta-analysis of studies evaluated the 
prevalence of bleeding after PCI according to the PRISMA guidelines. A 
total of 1879 articles were searched across multiple databases, and an 
additional record was identified through manual search, which was 
transferred to the reference management software (Endnote). After 
removing 1370 duplicates, 411 articles were excluded in the screening 
stage based on the inclusion and exclusion criteria. Furthermore, 60 
articles were excluded through the full-text review based on the same 
criteria. In the quality assessment phase, the full text of the articles was 
reviewed, and based on the score obtained from the STROBE checklist, 
studies with poor methodological quality were excluded. Finally, eight 
studies met the inclusion criteria and were included in the final evalu-
ation (Fig. 1). The information from these eight studies is reported in 
Table 1. Of these eight studies, three were clinical trials, and the 
remaining five were cohort studies. Most of the reviewed studies were 
conducted in the Americas (Table 1). 

The prevalence of bleeding after PCI in the studies included in 
Table 1 varied, with the highest reported by Ndrepepa et al in Germany 
in 2014 in individuals over 75 years of age at 15.39 % and the lowest 
reported by Doyle et al in the state of New Hampshire in the United 
States in 2008 at 1.06 %. 

4.1. Prevalence of bleeding after PCI 

In this systematic review and meta-analysis of 8 studies with 397,298 
participants, high heterogeneity (I2: 97.8) was observed in the evalua-
tion of bleeding after percutaneous coronary intervention. Therefore, 
the random effects method was used to analyze the results, and the 
prevalence of bleeding after percutaneous coronary artery intervention 
was reported as 4.4 % (95 % CI: 2–9.1) based on the meta-analysis 
(Fig. 2), The Egger test showed no publication bias among the studies 
(p: 0.960) (Fig. 3). 

5. Discussion 

Based on the results of the present study, the overall prevalence of 
bleeding after PCI was 4.4 %. Percutaneous coronary intervention is one 
of the most widely used methods in the treatment of coronary artery 
disease.27 Studies indicate that complications such as bleeding, hema-
toma, and embolism may occur due to the trauma inflicted on the vessels 
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Fig. 1. PRISMA 2020 search flow diagram.  

Table 1 
Prevalence of bleeding after PCI.  

Author Year Reign Continent Age Type of study Sample size Number of patients with 
bleeding 

Prevalence of bleeding 
after PCI 

Total Male Female Total Male Female Total Male Female 

Ndrepepa et 
al20 

2013 Germany Europe – Randomized 
clinical trials 

6702 3351 3351 872 354 518 13.01 15.45 10.56 

Numasawa 
et al21 

2017 Japan Asia 71.0 ±
10.4 

cohort 13,075 – – 402 263 139 3.07 – 34.6 

Mehta et 
al22 

2009 State of 
Missouri 

USA 70 
(59–78) 

Cohort 302,152 – – 7328 3437 3891 2.4 – – 

Valle et al7 2016 State of 
Colorado 

USA 70 ±
11.1 

Cohort 8371 – – 391 248 143 4.8 – – 

Fuchs et al23 2009 Israel Asia 66 ± 15 Cohort 831   27 13 14 3.5 – – 
Marquis et 

al24 
2020 American USA 63 

(55–71) 
Randomized 
clinical trials 

45,011 – – 1133 – – 2.5 – – 

Doyle et al25 2008 State of New 
Hampshire 

USA – retrospective 17,901 12,577 5324 190 – – 1.06 – – 

Ndrepepa et 
al26 

2014 Germany Europe >75 Randomized 
clinical trials 

3255 2018 1237 501 255 246 15.39 – –  
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during this procedure. Among these complications, bleeding is the most 
common complication of percutaneous coronary intervention (PCI), 
which is associated with an increased risk of adverse events, including 
death, myocardial infarction (MI), and stroke, as well as an increased 
length of hospital stay and costs.28–32 

Similarly, Numasawa et al (2017) reported a 3.07 % prevalence of 
bleeding after PCI in a six-year prospective cohort study of 13,075 pa-
tients in Japan titled “Incidence of bleeding complications after percu-
taneous coronary intervention”.21 In most studies, there is a statistically 
significant correlation between bleeding after PCI and female gen-
der33–38 but Patti et al.‘s study in Australia did not find a significant 
association, suggesting the larger vessels in men and easier access to 

these vessels may be possible reasons for this difference.39 Sabo and 
colleagues showed a significant relationship between age and bleeding, 
attributing increased blood vessel fragility to ageing.40 Al-Sadi et al’s 
study found that high systolic blood pressure is also a related factor for 
vascular complications,41 while Shemirani and colleagues concluded 
that high systolic blood pressure is associated with bleeding after cor-
onary interventions due to chronic vascular changes caused by high 
blood pressure.42 

The incidence of bleeding after intervention varies due to differences 
in the strategies used to prevent complications, such as vascular block-
ing devices in the post-coronary intervention phase.43–46 Cantor et al 
found a direct relationship between the duration of sheet removal and 

Fig. 2. Forest plot of prevalence of bleeding after percutaneous coronary intervention based on random effects method.  

Fig. 3. Funnel plot of the publication bias in the reviewed studies.  
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the severity of complications, especially bleeding, suggesting that 
delaying sheet removal leads to higher bleeding rates and intensity.47 

Prolonged coronary intervention weakens vascular tone, contributing to 
vascular complications such as bleeding.48 

5.1. Limitations 

One limitation of this meta-analysis is that it only included studies 
published in English, potentially resulting in the exclusion of relevant 
studies published in other languages. Furthermore, several studies were 
excluded due to inadequate quality, such as those with small sample 
sizes or those that did not report prevalence. 

6. Conclusion 

The findings of the present study indicate that the incidence of 
bleeding after PCI is 4.4 %, which is a significant result. Therefore, these 
results can serve as a crucial criterion for developing appropriate pre-
vention and treatment strategies. Health policymakers can also utilize 
the results of this meta-analysis to prioritize research on the complica-
tion of bleeding after PCI and its outcomes and implement effective 
measures to prevent and manage this complication. 
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STROBE The Strengthening the Reporting of Observational Studies in 

Epidemiology 
PRISMA Preferred Reporting Items for Systematic Reviews and Meta- 

Analyses 

References 

1. Valgimigli M, Frigoli E, Heg D, et al. Dual antiplatelet therapy after PCI in patients at 
high bleeding risk. N Engl J Med. 2021;385(18):1643–1655. 

2. Ng AK-Y, Ng PY, Ip A, Ling IW-H, Lam L-T, Siu C-W. Incidence, prediction, and 
outcomes of major bleeding after percutaneous coronary intervention in Chinese 
patients. JACC (J Am Coll Cardiol): Asia. 2022;2(3_Part_2):341–350. 

3. Roth GA, Nguyen G, Forouzanfar MH, Mokdad AH, Naghavi M, Murray CJL. 
Estimates of global and regional premature cardiovascular mortality in 2025. 
Circulation. 2015;132(13):1270–1282. 

4. Costa F, Montalto C, Branca M, et al. Dual antiplatelet therapy duration after 
percutaneous coronary intervention in high bleeding risk: a meta-analysis of 
randomized trials. Eur Heart J. 2022, ehac706. 

5. Wang L, Pei D, Ouyang YQ, Nie X. Meta-analysis of risk and protective factors for 
gastrointestinal bleeding after percutaneous coronary intervention. Int J Nurs Pract. 
2019;25(1), e12707. 

6. Mortazavi BJ, Bucholz EM, Desai NR, et al. Comparison of machine learning 
methods with national cardiovascular data registry models for prediction of risk of 
bleeding after percutaneous coronary intervention. JAMA Netw Open. 2019;2(7), 
e196835. 

7. Valle JA, Shetterly S, Maddox TM, et al. Postdischarge bleeding after percutaneous 
coronary intervention and subsequent mortality and myocardial infarction: insights 
from the HMO Research Network-Stent Registry. Circ Cardiovasc Interventions. 2016; 
9(6), e003519. 

8. Loh JP, Pendyala LK, Torguson R, et al. Incidence and correlates of major bleeding 
after percutaneous coronary intervention across different clinical presentations. Am 
Heart J. 2014;168(3):248–255. 

9. Hermanides RS, Ottervanger J-P, Dambrink J, et al. Incidence, predictors and 
prognostic importance of bleeding after primary PCI for ST-elevation myocardial 
infarction. EuroIntervention. 2010;6(1):106–111. 

10. Bertrand OF, Jolly SS, Rao SV, et al. Meta-analysis comparing bivalirudin versus 
heparin monotherapy on ischemic and bleeding outcomes after percutaneous 
coronary intervention. Am J Cardiol. 2012;110(4):599–606. 

11. Berry C, Kelly J, Cobbe SM, Eteiba H. Comparison of femoral bleeding complications 
after coronary angiography versus percutaneous coronary intervention. Am J 
Cardiol. 2004;94(3):361–363. 

12. Shuvy M, Ko DT. Bleeding after percutaneous coronary intervention: can we still 
ignore the obvious? Open Heart. 2014;1(1), e000036. 

13. Hurley NC, Desai N, Dhruva SS, et al. A dynamic model to estimate evolving risk of 
major bleeding after percutaneous coronary intervention. medRxiv. 2021:2021, 12. 
17.21267935. 

14. Othman H, Khambatta S, Seth M, et al. Differences in sex-related bleeding and 
outcomes after percutaneous coronary intervention: insights from the Blue Cross 
Blue Shield of Michigan Cardiovascular Consortium (BMC2) registry. Am Heart J. 
2014;168(4):552–559. 

15. Sorrentino S, Sartori S, Baber U, et al. Bleeding risk, dual antiplatelet therapy 
cessation, and adverse events after percutaneous coronary intervention: the PARIS 
registry. Circulation: Cardiovascular Interventions. 2020;13(4), e008226. 

16. Mrdovic I, Savic L, Krljanac G, et al. Simple risk algorithm to predict serious 
bleeding in patients with ST-segment elevation myocardial infarction undergoing 
primary percutaneous coronary intervention–RISK-PCI bleeding score. Circ J. 2013; 
77(7):1719–1727. 

17. Pierre-Louis B, Aronow WS, Yoon JH, et al. Risk factors for major bleeding and 
minor bleeding after percutaneous coronary intervention in 634 consecutive 
patients with acute coronary syndromes. Am J Therapeut. 2010;17(4):e74–e77. 
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