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Abstract: Background: Advanced chronic kidney disease (ACKD) is common in patients undergoing percutaneous 
coronary intervention (PCI). Post-PCI bleeding has been shown to increase mortality and remains an important 
challenge in these patients. Previous studies have shown increased post-PCI bleeding in CKD patients but often 
ACKD patients are excluded from these trials. The goal of this study was to evaluate if patients undergoing PCI with 
advanced renal disease have higher bleeding complications. Methods: We analyzed the National Inpatient Sample 
(NIS) database to compare the post-PCI bleeding rates for ACKD (CKD stage 3 and above) undergoing PCI between 
2006 and 2011 to those without ACKD in patients over the age of 40. Specific ICD-9 CM codes were used to identify 
these patients. Results: A total of 49,192 patients had post-PCI bleeding during the study period of which 3,675 
(7.5%) had ACKD. Patients with ACKD were older (68.7±11.7 years). During the study period, there was a decline 
in post-PCI bleeding rates in both ACKD and control groups. Patients with ACKD have significantly higher post-PCI 
bleeding rates compared to the control group. For example, in 2006, 133.9 in patients with ACKD had bleeding vs. 
104.4 per 100,000 in patients without ACKD (P<0.05). After multivariate adjustment for bassline comorbidities, 
ACKD remained independently associated with post-PCI bleeding risk (OR: 1.07, CI: 1.03-1.11, P<0.001). Conclu-
sion: Despite the overall decline in post-PCI bleeding in patients undergoing PCI, ACKD remains independently as-
sociated with post-procedural bleeding.
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Introduction

For years, the presence of kidney function dis-
orders has been considered a risk factor for 
adverse outcomes in coronary patients, espe-
cially patients undergoing cardiovascular treat-
ment procedures [1, 2]. Based on the evidence, 
a history of underlying kidney disease is associ-
ated with an increased risk of morbidity and 
even mortality in patients undergoing coronary 
bypass surgery or percutaneous coronary in- 
tervention (PCI) [3]. Following, evidence of in- 
creased postoperative bleeding in such pa- 
tients compared to patients without kidney dis-
orders has been published [4]. The main rea-
son for the increased bleeding risk in renal 
patients appears to be multifactorial. Platelet 
dysfunction and impaired thrombotic pathways, 

which are common findings in these patients 
are the main reasons for the increased likeli-
hood of postoperative bleeding [5]. In addition, 
requiring dual anti-platelet therapy after cardi-
ac revascularization can impose the risk of 
bleeding [6]. According to the literature, major 
bleeding occurs at a rate of 1.7% after PCI, 
about half from the site of arterial access and 
half from non-access locations, most common-
ly the gastrointestinal tract, intraocular, intra-
cranial, and retroperitoneal sites [7]. Therefore, 
the summary of the available evidence indi-
cates an increased risk of bleeding events fol-
lowing PCI, especially in patients with severe 
renal dysfunction. However, there is still no con-
clusive evidence in this regard, and it is not 
clear whether the presence of underlying chron-
ic kidney disease can be associated with an 
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Table 1. Baseline characteristics of study population
Characteristics Post-PCI bleeding (+) Post-PCI bleeding (-) P value
Mean age, year 68.66±11.69 67.51±11.84 <0.001
Male gender, % 49.55% 52.84% 0.001
Race, % <0.001
    White 48.76% 62.93%
    Black 16.49% 6.14%
    Hispanic 9.52% 5.62%
    Asian/Pacific 3.54% 1.92%
    Native American 1.01% 0.52%
    Other 20.68% 22.87%

increased risk of bleeding after the procedures. 
What we discussed in the present study was 
evaluating the role of advanced chronic kidney 
disease (ACKD) as a risk factor for bleeding 
after PCI.

Materials and methods

Database

This retrospective study was performed on 
1,826,536 patients who underwent PCI proce-
dures between 2005 and 2011. Their clinical 
information was recorded in the National In- 
patient Sample (NIS) data registry including all 
preoperative, intraoperative, and postoperative 
data of all patients undergoing cardiac revascu-
larization. The collected information included 
demographic characteristics, underlying cardi-
ac risk factors, and intra- and postoperative 
outcomes during hospitalization. Based on the 
definition of advanced chronic kidney disease 
(stages 4 and 5 of the chronic kidney disease 
classification defined as severe reduction in 
glomerular filtration rate less than 30 ml/min), 
the studied population was assigned into two 
groups with and without advanced chronic kid-
ney disease. Inclusion criteria were patients 
who underwent PCI over the age of 40 and had 
advanced kidney disease defined as stages 4 
and 5 captured in the ICD-9 coding. These 
patients were compared to patients who under-
went PCI without stage 4 or 5 renal disease 
over age 40. Exclusions were patients younger 
than 18 and patients who did not have PCI. 
There were no other exclusions.

The study outcome was in-hospital post-PCI 
bleeding defined as any of the following occur-
ring during hospitalization before discharge 
after PCI. We used ICD-9 coding for bleeding. 

variables. The normality of the data was 
checked by the Kolmogorov-Smirnov statistical 
test. For each year of study, the average annual 
age-adjusted in-hospital procedure rates for 
post-PCI bleeding were calculated by multiply-
ing the age-specific rates by age-specific wei- 
ghts. The weights utilized in the age adjustment 
of the data were the proportion of the year 
2000 standard U.S. population within each age 
group. The categorical parameters were com-
pared using the Chi-Square test or Fisher’s 
exact test if required. Multivariable logistic 
regression analysis was used adjusting for age 
gender, race, and comorbidities such as dia- 
betes mellitus, hypertension, hyperlipidemia, 
prior myocardial infarction, peripheral vascular 
disease, atrial fibrillation, stroke, myocardial 
infarction, and smoking. P values of ≤0.05 were 
considered statistically significant. The statisti-
cal software SPSS version 28.0 for Windows 
(IBM, Armonk, New York) was used for statisti-
cal analysis.

Results

Bassline characteristics

Overall, 1,826,536 patients who underwent 
PCI procedures between 2005 and 2011 were 
included in our study. According to advanc- 
ed chronic kidney disease definitive criteria, 
113,018 patients (6.2%) suffered from this 
baseline renal co-morbidity. Baseline charac-
teristics of study subjects in the group with and 
without kidney disease are summarized in 
Table 1. In this regard, patients with kidney dis-
ease were older, and mostly men, with a signifi-
cantly higher prevalence rate of cardiovascular 
risk factors including diabetes mellitus, periph-
eral artery disease, cerebrovascular accidents, 
and also a history of atrial fibrillation as com-
pared to those without kidney disease.

We evaluated the rate of 
bleeding in PCI patients with 
advanced renal disease with 
those without advanced renal 
disease.

Statistical analysis

For statistical analysis, results 
were presented as mean ± 
standard deviation (SD) for 
quantitative variables and we- 
re summarized by frequency 
(percentage) for categorical 
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Figure 1. The trend of the changes in post-PCI bleeding during study period.

Findings

Overall, a total of 49,192 patients suffered 
from post-PCI bleeding, and 3,675 (7.5%) pa- 
tients had a history of advanced chronic kidney 
disease. During the study period, there was a 
decline in post-PCI bleeding rates in both ACKD 
and control groups. Patients with ACKD have 
significantly higher post-PCI bleeding rates 
compared to the control group. For example, in 
the year 2006, 133.9 in patients with ACKD 
had bleeding vs. 104.4 per 100,000 in pa- 
tients without ACKD (P<0.05). After multiva- 
riate adjustment for bassline comorbidities, 
ACKD remained independently associated with 
post-PCI bleeding risk (OR: 1.07, 95% CI: 1.03-
1.11, P<0.001). Despite the higher risk of post-
operative bleeding in patients with a history of 
ACKD, bleeding complications were trending 
lower over the years regardless of ACKD sta- 
tus. Complications in these patients during the 
studied years indicated a decreasing trend 
(Figure 1).

Discussion

The present study showed that the risk of 
bleeding is higher following PCI procedure in 
ACKD patients. In this regard, this study is one 
of the first studies that used a large volume of 
PCI patients, and therefore the result can be 
trusted due to the high power of the study. In 
previous studies, the role of bleeding risk in 
patients with chronic renal failure has been 

documented. As found earlier by Attallah et al, 
the incidence of major bleeding within the first 
month post-PCI was higher in the chronic kid-
ney disease group and this event was closely 
associated with worsening renal impairment 
[8]. Saltzman and colleagues showed that pa- 
tients with chronic kidney disease compared 
with patients without this co-morbidity had a 
higher rate of postoperative major bleeding 
(19.3% vs. 6.7%, P<0.001). They also revealed 
that baseline creatinine was an independent 
predictor of early major bleeding as well as 
3-year postoperative death [9]. Even, some 
studies found that periprocedural complica-
tions such as in-hospital bleeding, myocardial 
infarction, and death are much higher in kidney 
disease patients, approaching an increased 
relative risk of two- to six-fold [10, 11], however, 
some authors could not confirm the associa-
tion of kidney dysfunction and risk for postop-
erative hemorrhage. Recently, Tobe et al re- 
vealed that chronic kidney disease or dialysis 
was not associated with a higher risk of bleed-
ing events after adjustment of covariates [12].

Homeostasis and hemorrhagic disturbances 
are the main findings in patients suffering from 
advanced chronic kidney diseases. The rea-
sons for these disorders are complex and 
involve the imbalanced coagulation cascade 
regarding thrombotic activity, the fibrinolytic 
system, platelets, endothelium, or the vessel 
wall with its extracellular matrix. The relation-
ship between these components is influenced 
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by uremic toxins and metabolic compounds 
accumulating during renal insufficiency [13-
15]. Furthermore, patients with renal insuffi-
ciency suffer from a varying degree of inflam-
mation, which also influences homeostasis 
[16]. Of course, it should be kept in mind that 
such changes can be increased due to hemody-
namic and coagulability imbalances in the con-
text of heart diseases [17, 18]. Therefore, it can 
be expected that in Advanced CKD due to the 
nature of renal dysfunction itself or the need 
for hemodialysis in the presence of cardiac 
ischemic disorders an increased risk of bleed-
ing after cardiac procedures can be expected.

Although we are facing an increased risk of 
bleeding post-PCI in ACKD patients, the trend 
of decreasing the occurrence of this complica-
tion after the operation has been quite evident 
in recent years. This change can be found in 
several points. Firstly, due to the recognition of 
the bleeding nature of chronic kidney disorders, 
patients who are candidates for cardiac proce-
dures are under strict monitoring in terms of 
bleeding or thrombotic disorders, and if any of 
these disorders are detected, they should be 
corrected or invasive heart procedure is re- 
placed with medical therapies. Additionally, the 
recent progress of medicated stents as well as 
the modification of PCI techniques has led to a 
significant improvement in the outcomes of this 
procedure in patients with chronic renal failure 
even in its severe stages [19, 20]. Higher bleed-
ing risk in patients with renal disease is multi-
factorial. Platelet dysfunction in renal disease 
patients plays a major role. Higher vascular cal-
cifications can also increase access bleeding 
as vascular compression after sheath removal 
can be less effective in calcified arteries. 
Gastrointestinal bleeding secondary to platelet 
dysfunction certainly can contribute to higher 
bleeding rates in this population who were 
treated with high anticoagulation during PCI.

Conclusion

We found that ACKD is associated with in- 
creased bleeding risk following PCI. However, 
the reduction in bleeding risk over the year 
studied is encouraging.

Limitations

The use of ICD-9 coding has inherent limita-
tions as administrative coding has limitations 

in inaccuracy. Many ACKD patients will not 
undergo PCI introducing a selection bias regard-
ing ACKD patients limiting our results.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Mohammad Reza 
Movahed, Clinical Professor of Medicine, Sarver 
Heart Center, 1501 N. Campbell Ave., Tucson, AZ 
85724, USA. Tel: 949-400-0091; E-mail: rmova@
aol.com

References

[1] Spirito A, Itchhaporia D, Sartori S, Camenzind 
E, Chieffo A, Dangas GD, Galatius S, Jeger RV, 
Kandzari DE, Kastrati A, Kim HS, Kimura T, 
Leon MB, Mehta LS, Mikhail GW, Morice MC, 
Nicolas J, Pileggi B, Serruys PW, Smits PC, Steg 
PG, Stone GW, Valgimigli M, Vogel B, von 
Birgelen C, Weisz G, Wijns W, Windecker S and 
Mehran R. Impact of chronic kidney disease 
and diabetes on clinical outcomes in women 
undergoing PCI. EuroIntervention 2023; 19: 
493-501. 

[2] Holzmann MJ and Siddiqui AJ. Outcome of per-
cutaneous coronary intervention during non-
ST-segment-elevation myocardial infarction in 
elderly patients with chronic kidney disease. J 
Am Heart Assoc 2020; 9: e015084.

[3] Lee WC, Wu PJ, Fang CY, Chen HC, Wu CJ and 
Fang HY. Impact of chronic kidney disease on 
chronic total occlusion revascularization out-
comes: a meta-analysis. J Clin Med 2021; 10: 
440.

[4] Ocak G, Rookmaaker MB, Algra A, de Borst GJ, 
Doevendans PA, Kappelle LJ, Verhaar MC and 
Visseren FL; SMART Study Group. Chronic kid-
ney disease and bleeding risk in patients at 
high cardiovascular risk: a cohort study. J 
Thromb Haemost 2018; 16: 65-73.

[5] Urban P, Mehran R, Colleran R, Angiolillo DJ, 
Byrne RA, Capodanno D, Cuisset T, Cutlip D, 
Eerdmans P, Eikelboom J, Farb A, Gibson CM, 
Gregson J, Haude M, James SK, Kim HS, Kimu-
ra T, Konishi A, Laschinger J, Leon MB, Magee 
PFA, Mitsutake Y, Mylotte D, Pocock S, Price 
MJ, Rao SV, Spitzer E, Stockbridge N, Valgimigli 
M, Varenne O, Windhoevel U, Yeh RW, Krucoff 
MW and Morice MC. Defining high bleeding 
risk in patients undergoing percutaneous coro-
nary intervention: a consensus document from 
the Academic Research Consortium for High 
Bleeding Risk. Eur Heart J 2019; 40: 2632-
2653.

mailto:rmova@aol.com
mailto:rmova@aol.com


Bleeding in advanced CKD patients undergoing PCI

5 Am J Blood Res 2024;14(1):1-5

[6] Capodanno D and Greco A. Dual antiplatelet 
therapy in patients at high bleeding risk: less is 
more-more or less. Eur Heart J 2023; 44: 969-
971. 

[7] Zhao X, Liu C, Zhou P, Sheng Z, Li J, Zhou J, 
Chen R, Wang Y, Chen Y, Song L, Zhao H and 
Yan H. Thrombosis and major bleeding risk af-
ter primary PCI among patients with multives-
sel coronary artery disease. Front Cardiovasc 
Med 2022; 8: 729432.

[8] Attallah N, Yassine L, Fisher K and Yee J. Risk 
of bleeding and restenosis among chronic kid-
ney disease patients undergoing percutane-
ous coronary intervention. Clin Nephrol 2005; 
64: 412-8. 

[9] Saltzman AJ, Stone GW, Claessen BE, Narula 
A, Leon-Reyes S, Weisz G, Brodie B, Witzenbi-
chler B, Guagliumi G, Kornowski R, Dudek D, 
Metzger DC, Lansky AJ, Nikolsky E, Dangas GD 
and Mehran R. Long-term impact of chronic 
kidney disease in patients with ST-segment el-
evation myocardial infarction treated with pri-
mary percutaneous coronary intervention: the 
HORIZONS-AMI (Harmonizing Outcomes With 
Revascularization and Stents in Acute Myocar-
dial Infarction) trial. JACC Cardiovasc Interv 
2011; 4: 1011-9. 

[10] Rubenstein MH, Harrell LC, Sheynberg BV, Sc-
hunkert H, Bazari H and Palacios IF. Are pa-
tients with renal failure good candidates for 
percutaneous coronary revascularization in 
the new device era? Circulation 2000; 102: 
2966-2972. 

[11] Szczech LA, Best PJ, Crowley E, Brooks MM, 
Berger PB, Bittner V, Gersh BJ, Jones R, Califf 
RM, Ting HH, Whitlow PJ, Detre KM and Holmes 
D; Bypass Angioplasty Revascularization Inves-
tigation (BARI) Investigators. Outcomes of pa-
tients with chronic renal insufficiency in the 
bypass angioplasty revascularization investiga-
tion. Circulation 2002; 105: 2253-2258.

[12] Tobe A, Sawano M, Kohsaka S, Ishii H, Tanaka 
A, Numasawa Y, Amano T, Nakamura M, Ikari Y 
and Murohara T. Ischemic and bleeding out-
comes in patients who underwent percutane-
ous coronary intervention with chronic kidney 
disease or dialysis (from a Japanese Nation-
wide Registry). Am J Cardiol 2023; 195: 37-44.

[13] Lutz PDMJ and Jurk PDRNK. Platelets in ad-
vanced chronic kidney disease: two sides of 
the coin. Semin Thromb Hemost 2020; 46: 
342-356. 

[14] Kaw D and Malhotra D. Platelet dysfunction 
and end-stage renal disease. Semin Dial 
2006; 19: 317-22.

[15] Molino D, De Lucia D and Gaspare De Santo  
N. Coagulation disorders in uremia. Semin 
Nephrol 2006; 26: 46-51.

[16] Mezzano D, Pais EO, Aranda E, Panes O, 
Downey P, Ortiz M, Tagle R, González F, Quiroga 
T, Caceres MS, Leighton F and Pereira J. In-
flammation, not hyperhomocysteinemia, is re-
lated to oxidative stress and hemostatic and 
endothelial dysfunction in uremia. Kidney Int 
2001; 60: 1844-50. 

[17] Pollock JD, Murray IV, Bordes SJ and Makaryus 
AN. Physiology, Cardiovascular Hemodynam-
ics. In: StatPearls. Treasure Island (FL): Stat-
Pearls Publishing; 2024.

[18] Spronk HM, van der Voort D and Ten Cate H. 
Blood coagulation and the risk of atherothrom-
bosis: a complex relationship. Thromb J 2004; 
2: 12.

[19] Doll JA, Beaver K, Naranjo D, Waldo SW, May-
nard C, Helfrich CD and Rao SV. Trends in arte-
rial access site selection and bleeding out-
comes following coronary procedures, 2011- 
2018. Circ Cardiovasc Qual Outcomes 2022; 
15: e008359.

[20] Urban P, Meredith IT, Abizaid A, Pocock SJ, Car-
rié D, Naber C, Lipiecki J, Richardt G, Iñiguez A, 
Brunel P, Valdes-Chavarri M, Garot P, Talwar S, 
Berland J, Abdellaoui M, Eberli F, Oldroyd K, 
Zambahari R, Gregson J, Greene S, Stoll HP 
and Morice MC; LEADERS FREE Investigators. 
Polymer-free drug-coated coronary stents in 
patients at high bleeding risk. N Engl J Med 
2015; 373: 2038-47.


