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Stroke outcomes in patients undergoing 
percutaneous coronary intervention in 
clinical practice today

 REVIEW

Cardiac catheterization and percutaneous coronary intervention (PCI) are considered to be safe procedures 
with low complication rates. Nevertheless, periprocedural stroke affects thousands of patients undergoing 
PCI worldwide every year especially in a continually aging population carrying a higher risk for complications 
in general. Stroke after PCI is a rare, but still a notable complication carrying an enormous impact on the 
patient’s prognosis and on quality of life. Large registries reflecting a ‘real-world’ situation reported an 
occurrence of stroke in 0.18–0.44% of an unselected population undergoing PCI in clinical routine today. 
An advanced age, PCI under emergency conditions, history of stroke, renal failure, the use of intra-aortic 
balloon pump, congestive heart failure, interventions during bypass grafts and vascular risk factors such as 
arterial hypertension and diabetes mellitus have been reported to be risk factors for stroke complicating 
PCI. Several analyses have shown that stroke is associated with high mortality rates ranging from 22 to 37% 
in large registries. If patients survive this devastating complication, most suffer from persistent neurological 
deficits such as motor or speech disorders. Owing to its low incidence, no randomized trials exist on this 
topic, which has so far precluded the development of an evidence-based treatment. Intra-arterial thrombolysis 
seems to be a promising and relatively safe approach in the treatment of periprocedural ischemic stroke, 
but further research is needed to validate its efficacy and safety in the special setting of PCI.
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Since cardiac catheterization and percutane-
ous coronary intervention (PCI) have long been 
established as a cornerstone of diagnosis and 
treatment for coronary artery disease, their use 
has increased dramatically over the last 30 years 
worldwide. For instance, over 2 million cardiac 
catheterization procedures are performed in the 
USA alone every year [1]. By pharmacological 
and technical improvement, cardiac catheteriza-
tion and PCI are considered to be safe procedures 
with major adverse cardiac and cerebrovascular 
events (MACCE) appearing in less than 1% of 
all diagnostic cardiac catheterization procedures 
[2] and in approximately 2.5% of all PCIs to date 
[2–6]. Nevertheless, PCI is an invasive procedure 
causing mechanical stress to the arterial vascular 
system, which is thought to be one major cause 
for cerebral embolism and stroke in this setting 
[7–10]. Therefore, periprocedural complications are 
still a major concern in a continually aging popu-
lation, carrying a higher risk for complications 
during PCI. Previously, high-risk patients with 
severe comorbidities had been excluded from car-
diac catheterization and PCI, whereas now these 
patients are part of the routine population in clini-
cal practice undergoing PCI today. In this context, 
periprocedural complications such as stroke affect 
thousands of patients worldwide every year. 

Incidence 
When cardiac catheterization began to be 
adopted in the 1970s and 1980s, the incidence 
of stroke after catheterization alone was reported 
to be in the range of 0.03–0.06% [11,12]. After 
the introduction of PCI, an increase in the 
incidence of stroke could be observed over the 
years, which is mostly due to an extended use 
of coronary angiography and PCI also in high-
risk patients with severe vascular calcification 
and severe  comorbidities, who had previously 
been excluded from heart catheterizations [13–17]. 
Today, stroke is still a rare complication after 
PCI. Large registries, reflecting a ‘real-world’ 
situation in clinical routine, have reported 
stroke to occur in 0.18–0.44% in an unselected 
population undergoing PCI today [15,17–19]. Our 
own group recently analyzed actual data from 
the PCI Registry of the Euro Heart Survey 
including 46,888 patients undergoing PCI at 
176 centers in 33 ESC countries from 2005 
until 2008 [20]. Today, the overall stroke rate 
of 0.3% in an unselected population undergo-
ing PCI in Europe is in good accordance with 
previous reports by other registries. This reflects 
an almost constant rate of stroke after PCI 
over recent years in interventional cardiology, 
despite the improvement in pharmacological and 
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technical issues, which is most likely due to the 
immutability of several risk factors for periproce-
dural stroke prior to PCI [14]. On the other hand, 
PCI is increasingly used to treat coronary artery 
disease even in octo- and nonagenerians today, 
carrying a higher risk for peri-interventional 
complication, in general (Figure 1). 

Risk factors 
Several risk factors have been retrospectively 
associated with an increased risk for peripro-
cedural stroke in large registries. The higher 
the patient’s atherosclerotic and vascular risk, 
the higher the patient’s risk for stroke during 
cardiac catheterization and PCI, in general. 
Consecutively, vascular risk factors such as 
arterial hypertension, diabetes mellitus and an 
advanced age have been clearly associated with 
a higher stroke risk during PCI [13,19,17]. The 
risk for stroke is also significantly increased 
in PCI, if performed under emergency condi-
tions for an acute coronary syndrome, which 
usually accompanies longer fluoroscopy times 
and more use of contrast, compared with 
diagnostic cardiac catheterization procedures 
only [13–15,18,19]. This is most likely caused by 
a heavier vascular calcification and a possibly 
less careful guiding of catheters through the 
aorta, under the pressure of time in patients 
presenting with an acute coronary syndrome, 
which has been demonstrated to be associated 
with an increased risk of cerebral embolization 
by scraping at aortic atherosclerotic plaques [10]. 
In addition, the possibility for hemodynamic 
compromise is increased in patients present-
ing with an acute coronary syndrome, which 
is known to consecutively increase the risk for 
intracardial thrombus formation, as well as 

the risk for stroke. Furthermore, a history of 
stroke or TIA, renal failure, the use of an intra-
aortic balloon pump, congestive heart failure 
and interventions during bypass grafts, have 
also been shown to be associated with stroke 
complicating PCI today [13,15,17,19]. 

Pathophysiology 
In the vast majority of all periprocedural 
cerebro vascular accidents, stroke occurs dur-
ing or within the first 24 h after PCI [19,21] 
and cerebral microembolism is considered to 
be the major cause for periprocedural strokes. 
This is supported by transcranial Doppler and 
MRI studies evaluating the frequency of cer-
ebral embolism during cardiac catheterization, 
which have shown cerebral microembolism to 
appear in 15–35% of all patients undergoing car-
diac catheterization [8,21–23]. Fortunately, most 
of the patients undergoing cerebral embolism 
stay asymptomatic, which is most likely due to 
small emboli not involving essential cerebral 
territories. Interestingly, stroke after PCI seems 
to involve the anterior as well as the posterior 
circulation in equal proportions, whereas the 
majority of strokes usually affect the anterior 
circulation in the general stroke population [24]. 
Potential embolic sources are atherosclerotic 
plaques in the aortic arch during the advance-
ment of catheters through the aorta, thrombus 
formation on catheter tips and an air embo-
lism. Atherosclerotic plaques in the aortic arch 
are known to be an independent predictor for 
recurrent stroke [25]. Keeley et al. observed a dis-
lodgement of atherosclerotic material in more 
than 50% of all patients undergoing PCI [10], 
which also supports the embolic genesis of many 
peri-interventional.
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Figure 1. Incidence of periprocedural stroke in different registries (in relative percentage).
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Embolic sources for stroke during PCI by far 
seem to outweigh other causes such as hemo-
dynamic strokes due to high-grade carotid 
artery stenosis. Nevertheless, cerebral micro-
embolism is not the only cause of stroke dur-
ing PCI. Retrospective ana lysis demonstrated 
hemorrhagic strokes to occur in up to 46% of 
all periprocedural strokes [15], especially if PCI 
was performed for an acute coronary syndrome 
including an aggressive antithrombotic therapy 
[26]. Therefore, differentiation between ischemic 
and hemorrhagic strokes by CT or MRI scan 
prior to treatment is of paramount importance 
for the clinical outcome of the patient. 

Clinical outcome
From a patient’s point of view, stroke is one of 
the most devastating complications that can 
occur after PCI. Several retrospective analy-
ses of large PCI registries have demonstrated 
a strong association between periprocedural 
stroke and high mortality and morbidity rates 
[13,15,17–19]. Mortality rates range from 22 to 
37% in large registries. An actual ana lysis of 
the PCI Registry of the Euro Heart Survey 
showed a mortality rate of 12.5% in patients 
with stroke undergoing an elective PCI, in 
contrast to 24.1% if PCI was performed for 
an acute coronary syndrome [20]. Despite its 
rare occurrence, stroke is still responsible for a 
notable proportion of PCI-related in-hospital 
death [15], consecutively having an enormous 
impact on the patient’s prognosis and on quality 
of life. Dukkipati et al. reported that 72% of 
all patients with a cerebrovascular accident after 

PCI had persistent neurological deficit at the 
time of hospital discharge [19]. A total of 26% 
of patients needed to be discharged with skilled 
home care, 22% to a rehabilitation program 
and 9% were dependent on a nursing home or 
assisted living [19]. Most of all patients suffering 
from stroke after PCI demonstrated motor or 
speech deficits, as well as mental status changes, 
followed by vision disorders, facial nerve paresis 
or unresponsiveness. 

Besides its huge impact on a patient’s clini-
cal outcome, periprocedural stroke has also 
been demonstrated to have a notable impact 
on economic issues by extending the patient’s 
postprocedural hospital stay by several days and 
expanding the cost (Figure 2) [15,16] . 

Treatment options 
Stroke is still a fatal complication after PCI, 
carrying a high morbidity and mortality rate. 
Unfortunately, most risk factors for peripro-
cedural stroke are not modifiable prior to 
the intervention (for instance, advanced age, 
gender, history of stroke and acute coronary 
syndrome). Therefore, an improvement of the 
prognosis of patients developing this complica-
tion will mostly depend on an improvement 
in therapeutic options for cerebrovascular 
accidents. The low incidence of complications 
has so far precluded the development of an evi-
dence-based treatment and therefore guidelines 
for a single therapeutic approach do not exist 
to date. No randomized trials exist regarding 
therapeutic options and the management of 
periprocedural stroke. Therefore, all available 
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recommendations on this topic are generally 
based on expert opinions and small case series 
only [26–29]. 

The situation in a catheterization laboratory 
is unique, because arterial access to the patient is 
already present and a local thrombolytic therapy 
can be initiated urgently, if an ischemic stroke 
occurs during PCI. Nevertheless, thrombolytic 
therapy is only temporarily used in a minority 
of patients in clinical practice [29], due to a huge 
uncertainty regarding the efficacy and safety of 
this treatment in the setting of PCI. In fact, a 
systemic thrombolytic therapy for stroke using a 
plasminogen activator is formally contraindicated 
in the majority of PCIs. This is due to the use 
of standard heparin and antithrombotic therapy 
during most PCIs today, which are known to 
increase the risk for intracranial bleeding dur-
ing thrombolysis for stroke [29]. Initial concerns 
about limited effectiveness of thrombolysis in this 
special setting, owing to a predominant emboliza-
tion of solid and heavily calcified particles from 
atherosclerotic plaques, which cannot be dissolved 
by thrombolytic therapies, were not affirmed by 
previously published case reports and two retro-
spective analyses. These two studies found most 
of the patients with peri-interventional stroke 
treated with intra-arterial thrombolysis to have 
better outcomes (using the NIH Stroke Scale 
[NIHSS]) compared with patients treated with an 
established and conservative treatment for stroke, 
with relatively low rates of intracranial bleeding 
[30,31]. This is also supported by small case reports 
using immediate cerebral angiography, intra-arte-
rial thrombolysis and mechanical re-canalization 
of the occluded vessel in case of an ischemic stroke 
[27,28,32]. In these case reports, recanalization rates 
averaged 50%, carrying an additional risk of 
intracranial bleeding between 14 and 25% and 
a mortality rate of 8–19% [26]. Although results 
from randomized trials are missing, there is hope 
that intra-arterial thrombolysis could be relatively 
safe in the special setting of PCI. The PROACT 
II and FAST study, using either heparin or the 
glycoprotein IIb/IIIa antagonist abciximab dur-
ing intra-arterial thrombolysis, implicate safety if 
intra-arterial thrombolytic therapy is performed 
in low-dose heparinized or glycoprotein IIb/IIIa 
antagonist-treated patients [33,34]. Nevertheless, 
a strong association between a higher dosage of 
heparin and an increase in intracranial bleeding 
rate was reported in PROACT I, which was the 
first randomized trial evaluating the safety and 
clinical efficacy of thrombolysis in patients with 
symptomatic MCA occlusion [35]. In this trial, the 
reduction in heparin dosage from 100 IU/kg bolus 

+ 1000 IU/h every 4 h  initially to 2000 IU bolus + 
500 IU/h every 4 h demonstrated a decrease in the 
rate of symptomatic intracranial bleeding from 
27.3 to 6.7% during thrombolysis. Consequently, 
the heparin dosage in PROACT II did not exceed 
an amount of 4000 IU, which led to a more 
acceptable intracranial bleeding rate of 10% [34].

Nevertheless, no randomized clinical trials exist 
to date evaluating the rate of intracranial hemor-
rhage during thrombolysis in patients treated with 
the combination of heparin, aspirin and P

2
Y

12
-

ADP-receptor inhibitors (e.g., clopidogrel), as is 
common during PCI today. 

In this special setting, it will also be of great 
interest to define safety of thrombolysis under 
new antihrombotic drugs such as prasugel and 
ticagrelor, which have been demonstrated to 
increase the risk for bleeding complications 
during PCI compared with clopidogrel. 

For the ability to perform in heparinized 
patients and for superior recanalization rates, 
intra-arterial thrombolysis is considered to be 
the preferred thrombolytic approach compared 
with systemic thrombolysis if performed in this 
special setting [36]. Nevertheless, for high mor-
bidity and mortality rates associated with stroke 
during PCI, systemic thrombolytic therapy can 
also be taken into account in patients who are not 
amenable for an immediate local thrombolytic 
approach after an individual risk assessment. 

Data are available for the safety of mechani-
cal embolectomy in case of large cerebral vessel 
occlusion in patients with abnormal hemostasis. 
Nogueira et al. reported that patients with sig-
nificant abnormal hemostasis (INR >1.7, PTT 
>45 s or platelet count <100,000/µl) undergoing 
mechanical embolectomy were not at higher risk 
for intracranial hemorrhage, with equal mortal-
ity rates compared with patients with normal 
hemostasis [37]. They also observed a strong 
association between successful recanalization 
of the occluded vessel and a good outcome of 
a patient with abnormal hemostasis undergoing 
mechanical embolectomy, which emphasizes the 
need for aggressive local reperfusion therapy in 
patients who are not amenable to intravenous 
thrombolysis [37]. This data suggests mechanical 
recanalization of an occluded vessel to be another 
important therapeutic option and possibly rela-
tively safe in the special setting of PCI. However, 
no data regarding mechanical recanalization in 
the setting of PCI are available as yet. 

Hamon et al. proposed an algorithm for 
peri- and postprocedural stroke in 2008 from 
the available and limited data [26]. In their algo-
rithm, immediate cerebral angiography should be 
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performed if stroke appears during the catheriza-
tion procedure and an experienced angiographer 
is available. In case of an acute arterial occlu-
sion of a large vessel in the cerebral angiography, 
Hamon et al. proposed intra-arterial thrombolysis 
even without a prior cerebral CT scan to save time 
[26]. This topic is still under debate. Owing to 
relatively high rates of intracranial hemorrhage 
in the special setting of stroke complicating PCI 
(even if stroke is primarily caused by an embolic 
vessel occlusion), it seems to be a more safe and 
reasonable approach to exclude intracranial bleed-
ing by CT scan prior to intra-arterial thromboly-
sis in our opinion [31]. 

If stroke occurs after the catheterization pro-
cedure and in all other cases (no experienced 
cerebral angiographer available, or in doubt of 
an arterial occlusion in cerebral angiography), 
brain imaging should be performed urgently to 
exclude intracranial hemorrhage according to 
the algorithm of Hamon et al. In case of a signif-
icant mismatch in perfusion/diffusion-weighted 
imaging or in CT perfusion, intra-arterial 
thrombolysis should also be considered [26]. 

Since this algorithm is based only on the avail-
able data, consisting of case reports and small 
retrospective analyses, it should be interpreted 
with caution. Updates are necessary, if further 
results from randomized clinical trials or registries 
regarding this topic are available. In the mean-
time, a practical approach to manage peripro-
cedural stroke is required. Further investigation 
is necessary to evaluate the efficacy and safety 
of systemic or intra-arterial thrombolysis and 
mechanical embolectomy in the special setting 
of stroke after PCI. 

Conclusion
Despite its rare occurrence, stroke is still one 
major complication after PCI having an enor-
mous impact on a patient’s prognosis and 
quality of life. Most risk factors identified for 
periprocedural stroke are not modifiable prior 
to PCI. Therefore an improvement of the prog-
nosis of patients developing this complication, 
will mainly be possible by improving therapeu-
tical options. Intra-arterial thrombolysis seems 
to be a treatment option for some patients in 

Executive summary

Background
 � Although cardiac catheterization and percutaneous coronary intervention (PCI) are considered to be safe procedures today, periprocedural 

complications are still a major concern in a continually aging population, carrying a higher risk for complications during PCI.

Incidence
 � Stroke is a rare but serious complication of PCI, which is reported to appear in 0.18–0.44% of all PCIs performed in an unselected 

population in clinical practice today.  Despite pharmacological and technical improvements, the incidence of periprocedural stroke has 
remained constant over recent years in interventional cardiology.

Risk factors 
 � The higher the patient’s atherosclerotic and vascular risk, the higher the patient’s risk for stroke during cardiac catheterization and PCI.
 � Risk factors for stroke complicating PCI include: arterial hypertension, diabetes mellitus, advanced age, PCI performed under emergency 

conditions, history of stroke or TIA, renal failure, use of an intra-aortic balloon pump, congestive heart failure and interventions at 
bypass grafts.

Pathophysiology
 � Cerebral microembolism and intracranial hemorrhage are considered to be the major causes for periprocedural strokes. Studies have 

demonstrated cerebral microembolism to occur in 15 –35% of all patients undergoing cardiac catheterization, who mostly  
remain asymptomatic.

Clinical outcome
 � From a patient’s point of view, stroke is one of the most devastating complications during PCI, which is still responsible for a notable 

proportion of PCI-related in-hospital death. 
 � Large registries demonstrate its association with high mortality rates ranging from 22 to 37% in clinical practice today.
 � 72% of all patients with a cerebrovascular accident after PCI had persistent neurological deficit at the time of hospital discharge. 

Treatment options
 � Owing to its low incidence, no randomized trials exist on this topic, which has so far precluded the development of an 

evidence-based treatment. 
 � Intra-arterial thrombolysis and mechanical embolectomy appear to be promising and relatively safe approaches in the treatment of 

periprocedural ischemic stroke, but further research is needed to validate their efficacy and safety in the special setting of PCI. 

Future perspective
 � Most risk factors identified for periprocedural stroke are not modifiable prior to PCI, and an improvement of the prognosis of patients 

developing this complication will mainly be possible by improving therapeutic options in the future. 
 � It will be of paramount importance to develop therapeutic guidelines on how to manage periprocedural stroke in clinical practice to 

reduce morbidity and mortality of this important complication of PCI in the coming years.
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this special setting after an individual risk 
assessment has been performed. Further stud-
ies and randomized clinical trials are necessary 
to affirm safety and efficacy of this treatment. 

Future perspective
In our opinion, in the coming years, a patient’s 
prognosis after stroke complicating PCI will 
mainly depend on an improvement in therapeu-
tic options such as intra-arterial thrombolysis 
or mechanical recanalization of the occluded 
vessel. To reduce morbidity and mortality of 
this important complication of PCI, it will be of 
paramount importance to develop therapeutic 
guidelines on how to manage periprocedural 
stroke in clinical practice. To date, no evidence-
based data on therapeutic management in this 

special setting exists and therefore all decisions 
in treatment of this complication are left to the 
attending physician alone. 

Owing to its rare occurrence, it will be chal-
lenging to perform randomized clinical trials on 
this topic in the future. 
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