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Objective: To investigate the incidence, risk factors, and association with cardiovascular outcomes of patients who developed symptomatic intracerebral hemorrhage (ICH) after non-emergency percutaneous coronary intervention (PCI).

Methods: We conducted a single-institution retrospective study of patients who developed symptomatic ICH after non-emergency PCI. To identify associations between clinical variables and outcomes, Cox-proportional hazards regression models were constructed. Outcomes analyzed include (1) all-cause mortality, (2) acute ischemic stroke (AIS) or transient ischemic attack (TIA), and (3) major adverse cardiovascular events (MACE).

Results: A total of 1,732 patients were included in the analysis. The mean (±SD) age was 61.1 (±11.3) years, and 1,396 patients (80.6%) were male. The cumulative incidence of symptomatic ICH after non-emergency PCI was 1.3% (22 patients). Age, chronic kidney disease, and prior coronary artery bypass graft surgery were independently associated with a higher risk of ICH after PCI, while hyperlipidemia was independently associated with a lower risk of ICH after PCI. ICH after PCI was independently associated with a higher risk of all-cause mortality and AIS or TIA after PCI.

Conclusion: Patients who are older, who have chronic kidney disease, and who have had prior coronary artery bypass graft surgery should be monitored for symptomatic ICH after non-emergency PCI.
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Introduction

Intracerebral hemorrhage (ICH) is an important complication after percutaneous coronary intervention (PCI) (1). The incidence of GUSTO (global utilization of streptokinase and tissue plasminogen activator for occluded coronary arteries) severe bleeding after PCI, as defined by ICH or any bleeding resulting in substantial hemodynamic compromise requiring treatment (2), was reported to be 0.2–2.5% (3, 4). ICH was associated with significant morbidity and mortality internationally (5, 6). ICH after PCI is particularly important as these patients were typically treated with dual antiplatelet therapy (DAPT) after PCI (7, 8), and prior antiplatelet therapy was associated with higher mortality rates among patients with ICH (9).

Despite the severity of ICH after PCI, to our knowledge, only one study investigated the incidence and outcomes of patients with ICH only after PCI (9). The study was limited by a relatively small sample size, did not assess independent risk factors for ICH, did not report long-term outcomes of ICH after PCI, and did not analyze the association between ICH after PCI and other cardiovascular outcomes of PCI (9). Thus, we aimed to investigate the incidence, risk factors, and association with cardiovascular outcomes of patients who developed symptomatic ICH after non-emergency PCI.



Materials and methods


Study population

This was a retrospective cross-sectional study of 1,732 consecutive patients who underwent semi-urgent or elective PCI between January 2014 to December 2015 at the National University Hospital, Singapore, a tertiary academic hospital. Semi-urgent PCI was defined as PCI done for non-ST segment elevation-acute coronary syndrome (NSTE-ACS), while elective PCI was defined as PCI done for a non-acute coronary syndrome (non-ACS) indication, such as an abnormal stress test. Institutional ethics approval was obtained from the local institutional review board before the commencement of the study, and a waiver of informed consent was granted since this study posed no more than minimal risks to participants.



Data collection

Data was collected using a standardized data collection template from the electronic medical records of all patients. Data collected included demographics, cardiovascular risk factors, treatment variables, the occurrence of symptomatic ICH, death due to any reason, acute ischemic stroke (AIS) or transient ischemic attack (TIA), and major adverse cardiovascular events (MACE) after PCI. Demographics collected were age, sex, and ethnicity. Cardiovascular risk factors collected were smoking history (defined as never smoker, former smoker, and current smoker), history of acute myocardial infarction, hyperlipidemia, hypertension, diabetes mellitus, chronic kidney disease, AIS or TIA, atrial fibrillation, prior coronary artery bypass graft (CABG) surgery, and prior PCI.

Treatment variables related to the current PCI were indications for PCI (including type 1 non-ST segment elevation myocardial infarction (NSTEMI), positive exercise stress test, unstable angina, pre-operation assessment, previous positive computed tomography coronary angiography for ischemic heart disease, low ejection fraction, pre-transplant, type 2 myocardial infarction, arrhythmia, syncope, apical thrombus, and stabbing incident), whether DAPT (defined as any two out of Clopidogrel, Ticagrelor, Prasugrel, and Aspirin) was administered after PCI, and whether anticoagulation [including Warfarin and direct oral anticoagulants (including Rivaroxaban, Apixaban, or Dabigatran)] was administered after PCI.

ICH was diagnosed based on computed tomography (CT) scans of the brain for indications of (a) a decrease in the Glasgow Coma Scale score, (b) altered mental state, and (c) focal neurological deficits. All cases of ICH diagnosed in this study were symptomatic, and ICH was defined as spontaneous ICH, i.e., intracerebral hemorrhage that was not due to trauma or structural causes such as aneurysm, arteriovenous malformation, cavernous malformation, or tumor. Routine screening CT scans of the brain after PCI were not done. All-cause mortality was defined as mortality due to any reason. AIS or TIA after PCI was adjudicated by a stroke neurologist. MACE was defined as the occurrence of death due to any reason, myocardial infarction, chronic heart failure, or repeat revascularization of the target lesion. Clinical outcomes were obtained from the electronic medical records of the patients and were adjudicated by the treating physician.



Statistical analysis

Baseline characteristics of patients with and without ICH were reported using mean and standard deviation for continuous variables, and count numbers and percentages for categorical variables. Hypothesis testing for continuous variables was conducted using the student's t-test. Hypothesis testing for categorical variables was conducted using the Pearson's X2 test, and the Fisher's exact test was used for variables that have less than five patients under any category (including ethnicity, smoking history, previous AIS or TIA, atrial fibrillation, indications of the current PCI, and the administration of anticoagulation after the current PCI). A p-value of <0.05 was taken to be statistically significant.

To investigate the independent risk factors for ICH after PCI, multiple Cox regression analysis was conducted. Variables that were statistically significant on univariate analysis and a priori risk factors of ICH [including sex, ethnicity, history of smoking, hypertension, diabetes mellitus, AIS or TIA, atrial fibrillation, and administration of anticoagulation therapy after PCI (10–12)] were specified as exposures in the model. ICH after PCI was specified as the dependent variable. A p-value of lesser than 0.05 was taken to be statistically significant, and the odds ratio and 95% confidence intervals of independent risk factors of ICH after PCI were reported. A test for the assumption of proportionality was performed, and the p-value for the global test for Schoenfeld residuals was 0.266, suggesting that the assumption of proportional hazards was fulfilled.

Time-to-event analysis was conducted to investigate the association between ICH after PCI and clinical outcomes. Time to the clinical outcome (i.e., all-cause mortality, AIS or TIA after PCI, or MACE after PCI) was defined as the duration in days between the date of the PCI and the date of the respective clinical outcomes. For patients who did not have the clinical outcome of interest, the follow-up time (defined as the duration in days between the date of the PCI and the date of the most recent clinic visit) was recorded instead. Kaplan-Meier curves for ICH after PCI against all-cause mortality, AIS or TIA after PCI, and MACE after PCI were plotted. Hypothesis testing using the log-rank test was conducted. One patient who had missing data on the indication of the current PCI was excluded from all the analyses. Seven patients who had missing data on all-cause mortality were excluded from the analysis for all-cause mortality. Nine patients who had missing data on AIS or TIA after PCI were excluded from the analysis for AIS or TIA after PCI.

Cox-proportional hazards models were built to investigate the association between ICH after PCI and all-cause mortality, AIS or TIA after PCI, and MACE after PCI. For each of the outcomes, we adjusted for known confounders (13–21) in three separate models. In the first model, we adjusted for demographics, including age, sex, and ethnicity. In the second model, we adjusted for the variables in the first model as well as cardiovascular risk factors, including smoking history, history of acute myocardial infarction, hyperlipidemia, hypertension, diabetes mellitus, chronic kidney disease, previous AIS or TIA, atrial fibrillation, prior CABG surgery, and prior PCI. In the third model, we adjusted for the variables in the second model as well as treatment variables related to the current PCI, including the indications of the current PCI, administration of DAPT after the current PCI, and administration of anticoagulation therapy after the current PCI. A p-value of lesser than 0.05 was taken to be statistically significant, and the hazards ratio and 95% confidence intervals were reported. On testing for the assumption of proportionality, the p-value for the global test for Schoenfeld residuals was above 0.050 for all the models, suggesting that the assumption of proportional hazards was fulfilled for all models. All data analyses were conducted using R Studio Version 1.2.5042.




Results


Incidence of ICH after PCI

A total of 1,732 patients were included in the analysis. Twenty-two patients (1.3%) had ICH after PCI, of which 9 patients had symptomatic ICH within 12 months after PCI, while 13 patients had symptomatic ICH more than 12 months after PCI. Symptomatic ICH occurred at a median (IQR) of 1.31 (0.13–3.00) years after PCI. The mean (±SD) duration of follow-up was 3.71 (±0.97) years. The mean (±SD) age of the study population was 61.1 (±11.3) years, and 1,396 patients (80.6%) were male. On univariate analysis, age (p = 0.002), history of acute myocardial infarction (p = 0.013), hyperlipidemia (p = 0.020), chronic kidney disease (p = 0.006), prior CABG surgery (p = 0.010), administration of DAPT after PCI (p = 0.011), all-cause mortality (p = 0.002), AIS or TIA after PCI (p < 0.001), and MACE after PCI (p < 0.001) were associated with ICH after PCI. Baseline characteristics, clinical variables, and clinical outcomes of patients with and without ICH after PCI were presented in Table 1.


TABLE 1 Baseline characteristics of patients with and without intracerebral hemorrhage after non-emergency percutaneous coronary intervention.
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Independent risk and protective factors associated with ICH

On Cox regression analysis (Table 2), age (HR = 1.06; 95% CI = 1.01–1.11; p = 0.009), chronic kidney disease (HR = 3.86; 95% CI = 1.40–10.7; p = 0.009), and prior CABG surgery (HR = 3.33; 95% CI = 1.11–11.2; p = 0.032) were associated with a higher risk of ICH after PCI, while hyperlipidemia was associated with a lower risk of ICH after PCI (HR = 0.17; 95% CI = 0.06–0.47; p < 0.001).


TABLE 2 Multiple Cox regression model showing the independent risk factors for intracerebral hemorrhage after non-emergency percutaneous coronary intervention.
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Association between ICH and clinical outcomes after PCI

In our study population, 36.4% of patients who had ICH (eight patients) died, while only 12.3% of patients who did not have ICH (209 patients) died (Table 1). On Cox-proportional hazards regression analysis (Table 3), ICH after PCI was associated with a higher risk of all-cause mortality (HR = 2.46, 95% CI = 1.21–5.00; p = 0.013) after adjusting for demographics, but not after adjusting for cardiovascular risk factors and treatment variables related to the current PCI. ICH after PCI was also associated with AIS or TIA after PCI (HR = 11.4; 95% CI = 5.39–24.3; p < 0.001) after adjusting for demographics, cardiovascular risk factors, and treatment variables related to the current PCI. There was no significant association between ICH and MACE after PCI. The Kaplan-Meier curves for ICH after PCI against all-cause mortality, AIS or TIA after PCI, and MACE after PCI and results of the log-rank test were presented in Figure 1.


TABLE 3 Cox-proportional hazards models showing the association between intracerebral hemorrhage after non-emergency percutaneous coronary intervention and clinical outcomes.
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FIGURE 1
 Kaplan-Meier curve for (A) all-cause mortality1, 2, (B) AIS or TIA after PCI1, 3, and (C) MACE after PCI1, stratified by patients with and without ICH after PCI. 1The one patient who had missing data on the indication of the current PCI was excluded from the analysis. 2The seven patients who had missing data on all-cause mortality were excluded from the analysis. 3The nine patients who had missing data on AIS or TIA after PCI were excluded from the analysis. AIS, acute ischemic stroke; TIA, transient ischemic attack; MACE, major adverse cardiovascular events; PCI, percutaneous coronary intervention; ICH, intracerebral hemorrhage.





Discussion

In our study, the cumulative incidence of ICH after non-emergency PCI over the study period (January 2014 to December 2015) was 1.3%. This incidence is within the range of incidences of GUSTO severe bleeding after PCI, which was reported to be 0.2–2.5% (3, 4). Aside from ICH, GUSTO severe bleeding also includes any type of bleeding resulting in substantial hemodynamic compromise requiring treatment. Therefore, the rate of ICH is likely to be lower than 0.2–2.5%. The only study that reported the incidence of only ICH after PCI reported an incidence of 15.0% (9). However, that study included only patients who had an ischemic stroke before PCI. We hypothesize that the incidence of ICH in our cohort was lower as the patients in our cohort may have less severe cardiovascular risk factors than the cohort of patients included in the study by Schmidbauer et al. (9), who all had an acute ischemic stroke before the emergency coronary catheterization for acute myocardial infarction during the same hospital admission.

We identified age, chronic kidney disease, and prior CABG surgery as independent risk factors for ICH, and hyperlipidemia as an independent protective factor for ICH after non-emergency PCI. To our knowledge, there were no studies from the international literature that studied the risk factors for post-PCI ICH specifically. Age (22, 23) and chronic kidney disease (23) were reported as risk factors for intracranial hemorrhage after PCI in the existing literature. Reports of ICH after CABG surgery in the literature were limited to case reports (24). We hypothesize that patients with prior CABG were at higher risk of ICH because of cerebral microbleed formation post-CABG (25), which has been associated with a higher risk of ICH (26).

In addition, our findings support data from the international literature that hyperlipidemia was associated with a lower risk of ICH after PCI. In a meta-analysis of 23 prospective studies consisting of 1,430,141 participants, Wang et al. found that hyperlipidemia, specifically hypercholesterolemia, was inversely associated with the risk of hemorrhagic stroke (27). Hypercholesterolemia may play a role in suppressing necrosis of the tunica media (28), thereby lowering the risk of microaneurysm formation and the risk of ICH (29). However, hyperlipidemia is a known risk factor for ischemic stroke and other cardiovascular diseases such as ischemic heart disease. Recent meta-analyses have also shown no association between statin therapy and ICH (30–32). A meta-analysis of 61 prospective studies showed that statin therapy significantly reduced not only the rate of coronary events but also total stroke rates (33). Thus, existing international guidelines recommend statin therapy for patients with coronary artery disease (34).

Our study also found a significant association between ICH after PCI and all-cause mortality and AIS or TIA after PCI. Major bleeding events after PCI were associated with a higher risk of mortality. In a meta-analysis of 42 studies consisting of 533 333 patients, Kwok et al. (1) showed that major bleeding post-PCI was independently associated with a higher risk of all-cause mortality (OR = 3.31; 95% CI = 2.86–3.82) and MACE (OR = 3.90; 95% CI = 3.26–4.64). However, ICH was not analyzed independently but was instead grouped under major bleeding, a composite variable. The association between ICH alone after PCI and all-cause mortality was not studied, and therefore it is not clear whether an association between ICH after PCI and all-cause mortality exists. To our knowledge, there was only one study that examined the outcomes of ICH alone after PCI. Schmidbauer et al. (9) reported no intrahospital mortalities from ICH in their retrospective cohort of 20 patients who underwent cardiac catheterization for acute myocardial infarction after ischemic stroke. While this study examined the outcomes of patients with ICH alone after PCI, only short-term outcomes of the patients were reported. The small sample size of the cohort also limited the robustness of the analysis.

The strengths of our study were that it included a large cohort of patients who underwent non-emergency PCI, had a clear definition of symptomatic ICH, and there was a long duration of follow-up. Our study had several limitations. First, our study was limited by the small numbers of patients with ICH which may have limited the power of the study to detect other significant risk factors and the possibility of unmeasured confounders in the analysis. Second, our study included only patients who underwent non-emergency PCI. We hypothesize that the incidence of symptomatic ICH may be higher if patients with emergency PCI were included in the analysis (9). Third, our study included only patients from a single institution, and therefore the results may not be generalizable to other populations. Fourth, most patients included in our study were Asians. As the rates of intracerebral hemorrhage were reported to be higher among Asians than patients of other ethnicities (5), the findings from our study may not be extrapolated to populations consisting of predominantly non-Asian patients. Fifth, specific data about the ICH such as the volume of the ICH and the treatment for the ICH were not collected and analyzed. Lastly, the retrospective nature of this study allowed us to only study association and not causation between the clinical variables and outcomes.



Conclusion

The cumulative incidence of symptomatic ICH after non-emergency PCI over the study period (January 2014 to December 2015) was 1.3%. Age, chronic kidney disease, and prior coronary artery bypass graft surgery were independently associated with a higher risk of ICH after PCI, while hyperlipidemia was independently associated with a lower risk of ICH after PCI. ICH after PCI was independently associated with a higher risk of all-cause mortality and AIS or TIA after PCI. Our study suggests that patients who are older, who have chronic kidney disease, and who have had prior coronary artery bypass graft surgery should be monitored closely for symptomatic ICH after PCI.
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