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ABSTRACT – Background: Stroke is a potentially serious complication that can occur after cardiac 
catheterization. However, there is no data in the contemporary literature about the prevalence 
or clinical course of this complication in a Brazilian population. The objective of this study was to 
evaluate the prevalence and clinical course of patients with a cerebrovascular event, considering a 
primary composite outcome (cardiovascular death, cerebrovascular reischemia, and severe sequelae) 
within 30 days of follow-up. Methods: A single-center study in which patients aged 40 years or 
older undergoing coronary angiography or percutaneous coronary intervention from March 2013 
to February 2014 were retrospectively analyzed. Patients who presented cerebrovascular events 
were compared with the control group. Results: A total of 7,980 procedures were performed in the 
period, and cerebrovascular events occurred in 12 individuals (0.15%); in that, 5 (41.7%) transient 
ischemic attacks and 7 (58.3%) ischemic strokes. Among the patients with a cerebrovascular event, 
there was a predominance of males (66.7%) and mean age of 64.9±9.3 years; atrial fibrillation, 
chronic renal failure, coronary artery bypass graft, and left ventricular dysfunction were identified in 
25% of sample. The clinical and procedural characteristics were similar in both groups, with a lower 
number of diabetics in the control group (p=0.05). No complications related to primary outcome 
were identified. Conclusion: In this contemporary series, the prevalence of cerebrovascular events 
after interventional cardiology procedures was low, in a high volume tertiary center. The patients 
presented a satisfactory clinical course, potentially due to early diagnosis and treatment.
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Resumo – Introdução: O acidente vascular cerebral é uma complicação potencialmente grave, que 
pode ocorrer após o cateterismo cardíaco. Entretanto, não há dados na literatura contemporânea sobre 
a prevalência e nem sobre a evolução clínica desta complicação em uma população brasileira. O objetivo 
deste estudo foi aferir a prevalência e a evolução clínica dos pacientes com evento cerebrovascular, 
considerando um desfecho primário composto (óbito cardiovascular, reisquemia cerebrovascular e 
sequela grave) em 30 dias de seguimento. Métodos: Estudo unicêntrico, no qual foram analisados 
retrospectivamente os pacientes com 40 anos ou mais de idade submetidos à cinecoronariografia 
ou intervenção coronária percutânea entre março de 2013 e fevereiro de 2014. Pacientes que 
apresentaram evento cerebrovascular foram comparados com grupo controle. Resultados: Foram 
realizados 7.980 procedimentos no período, com ocorrência de evento cerebrovascular em 12 
indivíduos (0,15%), sendo 5 (41,7%) ataques isquêmicos transitórios e 7 (58,3%) acidentes vasculares 
cerebrais isquêmicos. Dentre os pacientes com evento cerebrovascular, houve predomínio do sexo 
masculino (66,7%) e média de idade de 64,9±9,3 anos; fibrilação atrial, insuficiência renal crônica, 
revascularização cirúrgica do miocárdio e disfunção ventricular esquerda foram identificados em 
25% da amostra. As características clínicas e do procedimento foram semelhantes entre os grupos, 
com menor número de diabéticos no grupo controle (p=0,05). Não foram identificadas complicações 
relacionadas ao desfecho primário. Conclusão: Nesta série contemporânea, a prevalência de evento 
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cerebrovascular após procedimento em cardiologia intervencionista 
foi baixa, no contexto de um centro terciário de alto volume. Os 
pacientes apresentaram evolução clínica satisfatória, potencialmente 
devido ao diagnóstico e ao tratamento precoces.

Descritores: Acidente vascular cerebral; Angiografia coronária; In-
tervenção coronária percutânea

INTRODUCTION

Since its introduction, cardiac catheterization has been 
a method of central relevance in cardiological practice, both 
as a diagnostic tool and as a therapeutic modality. More 
recently, a progressive increase in the complexity of the 
population served and the procedures performed in cathe-
terization laboratories (cath lab) in Brazil and worldwide 
has been observed. However, few studies have evaluated 
whether the increased risk profile has been accompanied 
by a change in the rate of complications related to percuta-
neous procedures in modern times. 

Previous studies showed that cerebrovascular events 
can occur as a consequence of endovascular manipulation 
during cardiac catheterization.1-6 However, this type of 
complication, with potentially great deleterious effects, has 
been little studied. Its prevalence and clinical course are 
poorly understood, especially in our population.

The present study aimed to evaluate the occurrence 
and early prognosis of cerebrovascular complications after 
diagnostic or therapeutic interventional cardiology proce-
dures performed at a high-volume Brazilian tertiary center. 

METHODS

We retrospectively analyzed all patients aged 40 years 
or older undergoing coronary angiography or percuta-
neous coronary intervention (PCI) at a tertiary hospital, 
from March 2013 to February 2014. Clinical information 
was obtained from the analysis of the organization data-
base, and the 30-day follow-up was performed by the me-
dical team, by telephone and review of electronic medical 
records. From the universe of patients seen in the period, 
we identified all those with a diagnosis of a cerebrovascular 
event (Cerebrovascular Event Group) on the first day after 
the percutaneous procedure, who were classified as stroke, 
defined as the onset of a new symptom and/or a change in 
the neurological examination, with persistence for a period 
of 24 hours or more, or as transient ischemic attack (TIA), 
defined by reversal of the neurological deficit in the first 24 
hours. All patients who presented a cerebrovascular event 
were evaluated by cranial computed tomography (CT).

To identify the clinical variables predicting cerebrovas-
cular events, a 1:2 paired Control Group was obtained, ho-
mogenized as to age, sex, date and characteristics of the 
procedure (diagnostic or therapeutic). We compared the 
clinical characteristics and the primary outcome of both 
groups.

The primary outcome was defined as the prevalence of 
cardiovascular death events (any death, excluding those 
attributable to non-cardiovascular causes) and cerebrovas-
cular reischemia or severe sequelae (permanent limiting 
motor deficit, aphasia, reduced cognitive function and 
functional dependence, defined as a modified Rankin scale 
≥3) in the first 30 days. 

Diagnostic procedures performed through the radial ar-
tery received unfractionated heparin at a dose of 5,000IU 
as routine. In cases performed via the femoral artery we did 
not use heparin. For PCI, unfractionated heparin at a dose 
of 100IU/kg was administered, with an activated clotting 
time (ACT) target between 250 and 350 seconds.

Statistical analysis was done using Statistics Package for 
the Social Sciences (SPSS), version 19.0 (IBM, New York, 
USA). Continuous variables were expressed as mean and 
standard deviation, and categorical variables as frequency 
in percentage. Clinical and procedural characteristics were 
compared in both groups using the Pearson Chi-squared 
test and Student’s t-test. Values of p<0.05 were considered 
statistically significant.

This study was evaluated and approved by the Research 
Ethics Committee of the Hospital das Clínicas of the Facul-
dade de Medicina of the Universidade de São Paulo (CAAE: 
24258819.3.0000.0068), under protocol 3.687.257.

RESULTS 

Among the 7,980 procedures performed during the 
study period, 12 (0.15%) patients presented a cerebro-
vascular event within the first 24 hours. Of these, five 
(41.7%) patients presented TIA, and seven (58.3%) pre-
sented stroke. All events were ischemic, and no hemorrha-
gic stroke was observed. The diagnoses of ischemic stroke 
were confirmed by the identification of hypodensity areas in 
the cerebral parenchyma of these patients, compatible with 
recent ischemia, in the cranial CT. Among the patients who 
presented TIA, three underwent cranial magnetic resonance 
and two underwent cranial CT after 48 hours of the event, 
and no areas suggestive of recent ischemia were identified. 

In the Cerebrovascular Event Group there was a predo-
minance of males (66.7%), with mean age of 64.9±9.3 years. 
In 50% of cases (n=6), the diagnosis of cerebrovascular 
event was made within the cath lab. In four cases (33.3%), 
the percutaneous procedure was performed urgently. Of 
these, three patients presented ST segment elevation myo-
cardial infarction (MI). In only one case, a manual throm-
bus aspiration with a thrombectomy catheter was perfor-
med. Most cerebrovascular events occurred after diagnostic 
procedures (n=7; 58.3%). Permanent atrial fibrillation 
(AF), chronic renal failure (CRF), previous coronary artery 
bypass grafting (CABG), and left ventricular dysfunction 
were identified in 25% of sample. We found a lower preva-
lence of diabetic patients in the control group (66.6% vs. 
33.3%), but with no statistical significance (p=0.05). The 
other characteristics were similar in both groups (Tables 1 
and 2). Of the patients diagnosed with stroke, one of them 
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underwent thrombolysis with intravenous alteplase 90 mi-
nutes after onset of symptoms, with a good clinical course 
and complete reversal of the motor deficit (Table 3). The 
other cases of stroke were treated conservatively, because, 
in the neurologist’s evaluation, they had a National Insti
tutes of Health (NIH) stroke score below 4.

In the first 30 days after the adverse event, there was 
a death due to cancer. There were no outcomes related to 
the primary outcome (cardiovascular death, cerebrovas-
cular reischemia, or severe sequelae) in both groups. One 
patient maintained a reduction in visual acuity identified 
as a sequela of stroke, but without impairment of functio-
nal capacity (modified Rankin scale =1). No patient had 
permanent motor sequelae (Table 4). There was also no 
re-hospitalization or MI in the follow-up period.

Table 1. Clinical characteristics

Variable 
Cerebrovascular 

Event Group 
(n=12)

Control 
Group 
(n=24)

p-value

Age, years 64.9±9.3 64.7±8.7 1.00

Male sex 8 (66.7) 16 (66.7) 1.00

Hypertension 9 (75.0) 16 (66.7) 0.60

Diabetes mellitus 8 (66.7) 8 (33.3) 0.05

Smoking 5 (41.7) 8 (33.3) 0.63

Dyslipidemia 8 (66.7) 14 (58.3) 0.62

Chronic renal failure 3 (25.0) 7 (29.2) 0.79

Atrial fibrillation 3 (25.0) 2 (8.3) 0.17

Previous stroke 0 0 1.00

Prior CABG 3 (25.0) 2 (8.3) 0.17

LVEF <45% 3 (25.0) 5 (20.8) 0.77

Carotid stenosis 1 (8.3) 0 0.15

Results expressed as mean±standard deviation or n (%). CABG: coronary artery 
bypass grafting; LVEF: left ventricular ejection fraction.

Table 4. Results in the 30-day follow-up

Variable
Cerebrovascular 

Event Group 
(n=12)

Control Group 
(n=24)

Primary outcome 0 0

Death due to any cause 1 (8.3) 0

New stroke 0 0

Severe sequela 0 0

Myocardial infarction 0 0

Readmission 0 0

Motor sequela 0 0

Other sequelae 1 (8.3) 0

Results expressed as n (%).

Table 3. In-hospital findings

Procedures  (n=7,980)

Total number of events 12 (0.15)

Ischemic stroke 7 (58.3)

Transient ischemic attack 5 (41.7)

Intravenous thrombolysis 1 (9.1)

In-hospital death 0

Diagnosis at cath lab 6 (50)

Results expressed as n (%).

Table 2. Characteristics of procedures

Variable 
Cerebrovascular 

Event Group 
(n=12)

Control 
Group 
(n=24)

p-value

Coronary angiography 7 (58.3) 14 (58.3) 1.00

PCI 5 (41.7) 10 (41.7) 1.00

Type of the procedure 0.59

Elective 8 (66.7) 18 (75.0)

Urgency 4 (33.3) 6 (25.0)

Access 0.30

Radial 5 (41.7) 6 (25.0)

Femoral 7 (58.3) 18 (75.0)

Manual thrombus aspiration 1 (8.3) 1(4.2) 0.60

Fluoroscopy time

Coronary angiography 9.4±3.8 8.0±3.9 0.54

PCI 16.0±8.1 13.6±6.3 0.62

Results expressed as n (%) or mean±standard deviation. PCI: percutaneous coronary 
intervention.

DISCUSSION

Our study demonstrated a low rate of cerebrovascular 
events following cardiac catheterization, associated with 
a low risk of clinical events related to this complication. 
These results corroborate the current data available in 
the literature, which indicate a low occurrence of peripro-
cedural cerebrovascular events, even in the context of an 
increase in the proportion of patients of higher complexi-
ty.7-13 A study published by Werner et al. evaluated 46,888 
patients who underwent PCI, and found an incidence of 
cerebrovascular events of 0.4%.11 This slightly higher inci-
dence is probably due to the fact that the study presented 
a significantly larger sample in relation to the number of 
patients evaluated in our study, besides having excluded all 
diagnostic procedures from their analysis. The KAMIR-NIH 
registry, recently published by Ahn et al., evaluated the cli-
nical outcomes of 3,985 patients with type 2 diabetes with 
MI, and found a stroke incidence of 46 (1.5%) in patients 
receiving clopidogrel, and of 5 patients (0.5%), in the group 
receiving prasugrel or ticagrelor. This higher number of 
strokes when compared to those found in our study can be 
explained by the fact that the registry included a profile of 
more complex patients in their analysis, including diabetes 
mellitus patients with MI undergoing PCI.12

In our series, the most common comorbidities in the 
group of patients who presented cerebrovascular events 
were hypertension, diabetes mellitus, dyslipidemia, and 
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smoking habit, similar to the characteristics of the popu-
lation of previous studies.11,14 No clinical variable was asso
ciated with a higher event risk when we compared the 
sample of patients from the Cerebrovascular Event Group 
with those from the Control Group in our study.

In a National Cardiology Data Registry study with 
706,782 patients, of which 1,540 were diagnosed with peri-
procedural stroke, the following predictors of complication 
were identified: acute coronary syndrome upon admission, 
advanced age, known cerebrovascular disease, and use of 
an intra-aortic balloon counterpulsation.15 In another study, 
Popovic et al. found that chronic renal failure, diabetes 
mellitus, known cerebrovascular disease, heart failure, left 
ventriculography, and low-volume operators were indepen-
dent predictors of cerebrovascular events after coronary 
angiography.16

It is important to emphasize that, although the main 
predictors of cerebrovascular event are related to the clini-
cal condition of the patient, some factors associated with 
the procedure itself may be relevant, and they are impor-
tant targets of preventive actions to minimize the risk 
of complications (e.g., use of smaller diameter material, 
appropriate aspiration of the catheters, careful handling of 
catheter and guidewire through the ascending aorta, espe-
cially in patients at higher risk, and adequate antithrombo-
tic therapy during the procedure).1,6

In the TOTAL trial, Jolly et al. randomly evaluated 
10,732 STEMI patients, and demonstrated a higher occur-
rence of stroke in patients undergoing PCI with manual 
aspiration thrombectomy: 60 patients (1.2%) as compared 
to 36 (0.7%) in the group undergoing PCI without throm-
bectomy (95%CI 1.10-2.51, p=0.015). In our study, due to 
the small sample of STEMI patients, it was not possible to 
evaluate this correlation.17

The procedure time is always a concern regarding pre-
vention of thromboembolic complications. In the multi-
center RAY’ACT-1 registry study, the researchers found 
significantly less fluoroscopy time than in our sample (3.5 
minutes in the femoral access group, and 3.8 minutes in 
the radial access group), but, unlike our study, those cen-
ters were not linked to medical schools, and there is no 
description of relevant clinical features, such as percenta-
ge of patients with previous CABG, and clinical outcomes 
have not been evaluated. Therefore, it is not possible to 
correlate such finding with a reduction in cerebrovascular 
events.18 On the other hand, a study published by Adachi 
et al. evaluated fluoroscopy time in coronary angiography 
procedures and demonstrated results that are similar to 
those found in our study (8.5±5.8 minutes).19 Shoji et al. 
evaluated 13,909 patients undergoing PCI in a prospecti-
ve Japanese multicenter registry in order to compare the 
incidence of stroke in relation to the vascular access route. 
The fluoroscopy mean time was higher than that obser-
ved in our study (34.8±22.3 minutes in the stroke group, 
and 30.3±23.6 minutes in the group that did not present 
stroke, p=0.250); with an incidence rate of stroke of 0.3%. 

In this study, the use of the radial access was a predictor of 
stroke risk reduction (p=0.014).13 In our study, the vascular 
access route and the fluoroscopy time had no impact on the 
occurrence of cerebrovascular events.

Unlike other publications, we found no case of in-hos-
pital death or within 30 days of follow-up. A plausible ex-
planation for this may be the fact that a considerable num-
ber of patients presented TIA as an event, associated with 
a less complex profile of patients, when compared with 
other more robust studies, which included only patients 
with MI and/or diabetes in their samples.7,8,11,12,20 As in the 
in-hospital period, the 30-day follow-up of our sample in-
dicated an incidence of mortality, sequelae, and functional 
impairment lower than that found in the current literatu-
re.7,8,11-15,20 It is possible that the relatively high proportion 
of TIA in our population (compared to stroke) contributed 
to a better prognosis in our series.

The present study is a retrospective analysis of a single 
center, with a small number of cerebrovascular events, 
which limits the wide application of the data found. Cases 
of later manifestation or with subtle or subclinical manifes-
tations may have been underdiagnosed, underestimating 
the occurrence of cerebrovascular events. Also, our study 
was limited to a 30-day clinical follow-up, and it was not 
possible to infer the later clinical course of the patients 
included in the study.14,21

CONCLUSION

The results of the study corroborate the current data 
available in the literature and show a low prevalence of pe-
riprocedural cerebrovascular events. There was no death due 
to a cerebrovascular event. The patients maintained good 
quality of life in their daily activities after the complication. 
We believe that the favorable in-hospital and late clinical 
course of these patients occurred due to early diagnosis, 
evaluation and multidisciplinary care, with a close inte
raction among interventional cardiology, neurology, radio-
logy, and intensive care teams.
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