
Introduction 

Perioperative stroke is the most unwanted complication for 
patients, as well as for surgeons and anesthesiologists [1]. The 
reported risk of perioperative stroke varies with the type of sur-
gery. Its incidence is generally not high (approximate 0.1–1.9%) 
in non-cardiac, non-neurologic, and non-major surgery [2]. 
However, it may occur in up to 10% of patients undergoing 
high-risk cardiac or brain surgery [1]. Perioperative stroke can 
develop intraoperatively or post-operatively after recovery from 
anesthesia. Identifying perioperative stroke is sometimes chal-

lenging. Difficulty in awakening from anesthesia may be the 
first clue to a clinical suspicion of perioperative stroke. Lingering 
anesthesia may delay diagnosis of neurologic deficits in patients. 
Therefore, it is challenging to ascertain the time of onset, which 
may limit the use of thrombolytic therapy or endovascular 
thrombectomy (EVT), consequently leading to a poor neuro-
logical outcome. Perioperative stroke has a significant negative 
impact on recovery from surgery. Patients with perioperative 
stroke are less likely to have a good functional outcome and have 
an eight-fold higher mortality compared with those without 
perioperative stroke [3]. 

According to the Main Surgery Statistical Yearbook for 2015, 
published by Korean Health Insurance Assessment and Man-
agement, the numbers of major surgery in Korea increased from 
1,688,516 to 1,721,390 (i.e., by 2%) over the recent five years. 
This trend is expected to continue in the coming decades [4]. 
Given that the age of the patient is a risk factor for perioperative 
stroke, the increasing percentage of the elderly population will 
probably lead to a higher incidence of perioperative stroke in 
Korea, soon. 

Therefore, the prevention, early diagnosis, and proper man-
agement of perioperative stroke is very important. The current 

 Review Article

Although perioperative stroke is uncommon during low-risk non-vascular surgery, if it occurs, it can negatively impact 
recovery from the surgery and functional outcome. Based on the Society for Neuroscience in Anesthesiology and Critical 
Care Consensus Statement, perioperative stroke includes intraoperative stroke, as well as postoperative stroke develop-
ing within 30 days after surgery. Factors related to perioperative stroke include age, sex, a history of stroke or transient 
ischemic attack, cardiac surgery (aortic surgery, mitral valve surgery, or coronary artery bypass graft surgery), and neu-
rosurgery (external carotid-internal carotid bypass surgery, carotid endarterectomy, or aneurysm clipping). Concomitant 
carotid and cardiac surgery may further increase the risk of perioperative stroke. Preventive strategies should be indi-
vidualized based on patient factors, including cerebrovascular reserve capacity and the time interval since the previous 
stroke. 

Keywords: Embolism; Hemorrhage; Ischemia; Perioperative; Stroke; Surgery.

Perioperative stroke: 
pathophysiology and management

Sang-Bae Ko
Department of Neurology, Seoul National University Hospital, Seoul, Korea

CC  This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright ⓒ The Korean Society of Anesthesiologists, 2018 Online access in http://ekja.org

pISSN 2005-6419  •  eISSN 2005-7563

Korean Journal of Anesthesiology

KJA

Corresponding author: Sang-Bae Ko, M.D., Ph.D.
Department of Neurology, Seoul National University Hospital, 101, 
Daehak-ro, Jongno-gu, Seoul 03080, Korea
Tel: 82-2-2072-2278, Fax: 82-2-3672-7553
Email: sangbai1378@gmail.com
ORCID: https://orcid.org/0000-0002-9429-9597

Received: November 5, 2017. 
Accepted: November 19, 2017.

Korean J Anesthesiol 2018 February 71(1): 3-11
https://doi.org/10.4097/kjae.2018.71.1.3 

http://crossmark.crossref.org/dialog/?doi=10.4097/kjae.2018.71.1.3&domain=pdf&date_stamp=2018-01-31


4 Online access in http://ekja.org

VOL. 71, NO. 1, FEBRUARY 2018Perioperative stroke

study will focus on the risk factors of perioperative stroke and 
the challenges in managing it. 

Definition and Pathophysiology 

The Society for Neuroscience in Anesthesiology and Critical 
Care Consensus Statement defined a perioperative stroke as 
a brain infarction of ischemic or hemorrhagic etiology, which 
occurs during surgery or within 30 days after surgery, including 
the development of stroke after recovering from anesthesia [5]. 
The peak timing of perioperative stroke may vary depending on 
the type of surgical procedure. One study, based on the results 
of patients who underwent general surgery, reported that true 
intraoperative stroke was very rare and that most perioperative 
strokes occurred, on average, seven days after surgery [6]. How-
ever, intraoperative events may be more important for patients 
undergoing high-risk operations, such as cardiovascular sur-
gery or neurosurgery. A prospective imaging study on patients 
who underwent coronary artery bypass graft (CABG) surgery 

demonstrated that a new brain infarction was detected in 27.6% 
of patients on day 3 after surgery. However, most were small 
silent cortical lesions, and clinically evident stroke was only seen 
in 3.1% of patients [7]. 

Although perioperative strokes incorporate both ischemic 
and hemorrhagic strokes, the majority are ischemic in origin. 
In one study, among the 388 patients who underwent CABG 
surgery, embolic strokes were noted in 62.1% of patients, fol-
lowed by strokes due to unknown etiology (13.9%) and multiple 
etiologies (10.1%), and hypoperfusion (8.8%), lacunar (3.1%), 
thrombotic (1.0%), and hemorrhagic (1%) strokes [8]. Putative 
sources of embolism from the heart can occur due to pre-exist-
ing or new-onset atrial fibrillation, vulnerable high-risk aortic 
arch atheroma, or atherosclerotic large arteries due to manipula-
tion during surgical procedures [9]. Given that most cases are 
embolic strokes, cerebral lesions usually show a pattern of scat-
tered lesions, in multiple vascular territories, which vary in size 
(Fig. 1). Fat or air embolism can also sometimes be a source of 
perioperative stroke in specific clinical settings (Fig. 2). 

Fig. 1. Brain magnetic resonance im
aging of a patient with perioperative 
stroke. The patient underwent mitral 
valve replacement surgery, and right side 
hemiparesis was found upon arousal 
from anesthesia. Brain magnetic re
sonance imaging using dif fusion-
weighted imaging (DWI) revealed multi
ple high signal intensities in the bilateral 
anterior and posterior circulation terri
tories (arrows). The ischemic lesions on 
DWI suggested multiple embolisms as 
the underlying mechanism.
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As described earlier, low flow or hypoperfusion infarctions 
seem to be less frequent than considered. Patients with pre-
existing severe large artery steno-occlusion may have ischemic 
lesions in the border zone. However, in 35 patients with severe 
internal carotid artery (ICA) stenosis, only 3% (1/35) of patients 
had stroke lesions in the border zone alone. In addition to the 
border zones, the majority of patients also had lesions in the 
cortical pial artery territories, which suggested that the main 
mechanism of ischemic stroke in severe ICA stenosis was em-
bolic in origin, rather than due to hypoperfusion [10]. Moreover, 
in a retrospective study of 128 patients who underwent carotid 
endarterectomy (CEA), although all patients had contralateral 
carotid occlusions, only 1.6% of patients had permanent neuro-
logical deficit [11]. Taken together, these results demonstrated 
that hypoperfusion or low-flow infarction may not be a major 
stroke mechanism in perioperative stroke. 

Thrombosis is augmented after surgical procedures partly 
due to systemic inflammation or activation of the normal he-
mostatic pathway [12]. Moreover, this mechanism may be more 
intense in patients who stopped using anti-thrombotic agents to 
prepare for surgery [13]. Therefore, thrombosis, whether it is a 
rebound phenomenon or not, might play an additional role in 
patients with a history of stroke. 

The proportion of intracerebral hemorrhage (ICH) in 
perioperative stroke is as low as 1%. The suggested mechanisms 
of hemorrhagic stroke are as follows: 1) a sudden surge of blood 
pressure up to the level of the autoregulatory breakthrough 
zone, or 2) coagulopathy, medications like an antiplatelet agent, 
or anticoagulation. Given that most anesthetic agents induce 
hypotension, they are mechanistically less likely to provoke 
ICH while under anesthesia. However, perioperative ICH can 
develop in certain clinical settings that are closely linked to a 
sudden surge of cerebral perfusion. Elevated blood pressure af-
ter revascularization procedures, such as CEA or carotid artery 
stenting (CAS), often lead to cerebral hyperperfusion syndrome 
(CHS) and may result in the development of ICH. CHS is a 
rare phenomenon but may develop in patients with diminished 
cerebrovascular reserve, especially when postoperative hyper-
tension persists for longer than several hours [14]. In patients 
with a limited cerebrovascular reserve capacity, compensatory 
vasodilatation already exists in the affected vascular territories. 
Therefore, when a sudden surge of blood pressure occurs after 
revascularization procedures, cerebral hyperperfusion may con-
sequently lead to the development of ICH. In patients with orth-
otropic heart transplantation, the risk of hemorrhagic stroke is 
approximately 2.5%, which is slightly higher than other surgical 

A B

C D

Fig. 2. Perioperative stroke due to air 
embolism. A 57-year-old male patient 
underwent emergent aortic arch re
placement surgery due to type 1 aortic 
dissection. During the procedure, a large 
amount of air was introduced via cardio
pulmonary bypass pump due to a pro
blem in the circuit. Immediately after the 
surgery, there were low attenuated lesions 
in the cortical pial vessels on computed 
tomography (A and B, arrowheads). 
Follow up diffusion-weighted imaging 
on day 2 revealed high signal intensity 
lesions in the corresponding cerebral 
cortex (C and D).
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procedures [15]. The location of ICH is mostly located in deeper 
structures (i.e., basal ganglia, thalamus, pons, and cerebellum) 
than in the cerebral lobes [16]. ICH pathogenesis in patients 
with transplantation is probably caused by anticoagulation, a 
high pressure of the cardiopulmonary bypass (CPB), uncon-
trolled blood pressure, or hyperperfusion [17,18]. Moreover, in 
the subacute phase after transplantation, the use of calcineurin 
inhibitors (tacrolimus or cyclosporine) for immune suppression 
may lead to posterior reversible encephalopathy syndrome, 
which may lead to the development of ICH in the occipital lobes 
[19].

Risk Factors 

Risk factors for perioperative stroke include conventional 
vascular risk factors (i.e., age, sex, or a history of stroke or tran-
sient ischemic attack), the type of surgery (i.e., cardiovascular 
surgery or neurosurgery), or specific intraoperative events. 
Among patients who underwent mitral valve surgery, the factors 
associated with perioperative stroke were as follows: age, sex, 
emergency surgery, arrhythmias, hypertension, renal failure, co-
agulopathy, neurological disorders, weight loss, anemia, postop-
erative cardiac arrest, and myocardial infarction [20]. These risk 
factors can be categorized into modifiable or non-modifiable 
factors.

Non-modifiable risk factors

Patient factor

The age of the patient is one important factor for perioper-
ative stroke. Its risk increases by six-fold among octogenarians 
compared to younger populations [21,22]. A prospective im-
aging cohort study on patients who underwent CABG demon-
strated that age was an independent factor (odds ratio [OR], 1.09; 
95% CI, 1.03–1.15) for new brain lesion after surgery [7]. Even 
in non-cardiac and non-vascular surgery, age was recognized as 
an important factor. A total of 371,641 surgeries, over four years, 
were analyzed in a study using the Nationwide Inpatient Sample 
(NIS) database from the United States. An old age (per 10 years) 
had higher odds (OR, 1.43; 95% CI, 1.35–1.51) for perioperative 
stroke [2]. Given that the average age of patients undergoing 
surgical procedures will increase, the incidence of perioperative 
stroke is likely to increase in the future. 

Being female has also been recognized as a risk factor for 
perioperative stroke in both cardiovascular and non-cardiovas-
cular surgeries [2,23]. Although the reason for sex differences 
in perioperative stroke is not clearly understood, elderly female 
patients have more rapid progression of atherosclerosis after 
menopause [2,24,25]. In addition, patients with a history of 
stroke or transient ischemic attack have an elevated risk for peri-

operative stroke [26]. 
A migraine is the most common neurological disorder. A 

growing body of evidence suggests that there is a strong associa-
tion between a migraine and ischemic stroke, with a recent study 
reporting that a migraine might be a risk factor for perioperative 
stroke [27]. One report, based on hospital-based registry data 
(124,558 surgical patients; mean age 52.6 years; 54.5% women), 
showed that the rate of ischemic stroke over 30 days in this 
population was 0.6%. Among them, patients with a history of a 
migraine with aura had a higher OR for perioperative ischemic 
stroke (OR, 2.61; 95% CI, 1.59–4.29) compared to those without 
a history of a migraine. 

Types of surgery 

Cardiac surgery: The risk of developing a perioperative 
stroke is higher with cardiac surgery than with non-vascu-
lar surgery. Despite recent surgical technique improvements, 
perioperative stroke risk is still high in cardiovascular surgeries. 
The reported risk of perioperative stroke is 1.2% for CABG, 1.5% 
for aortic valve replacement, 2.1% for mitral valve replacement, 
and 6.6% for proximal aorta replacement surgery [28–30]. The 
higher risk of cerebral embolism could probably be attributed 
to surgical techniques including the manipulation of the aorta, 
cannulation, or cross-clamping or side clamping of the aorta [31]. 
In addition, many studies demonstrated a link between aortic 
atherosclerosis and cerebral embolism across cardiac surgeries 
[29,32,33]. Taken together, this suggests that intraoperative cere-
bral embolism may originate from the atherosclerotic aorta due 
to the manipulation of the aorta, such as during CPB insertion. 
Therefore, when CPB insertion or aortic manipulation is antic-
ipated, several techniques are used to screen the aortic athero-
ma, including manual palpation, transesophageal ultrasound, 
or epiaortic ultrasound, which has greater sensitivity [31]. If a 
severe aortic atheroma is present, alternate bypass cannulation 
sites should be chosen. When planning for CABG, off-pump 
CABG could be a theoretical alternative option to reduce aortic 
embolism. However, randomized trials comparing the outcome 
between off-pump and on-pump CABG showed that the risk of 
immediate perioperative stroke or stroke up to five years were 
not different [34–37]. Commercial devices such as Embol-X 
intra-aortic filtration system or CardioGard embolic protection 
cannula also provides more direct protection from cerebral em-
bolization [31,38]. 

Based on the database of the Society of Thoracic Surgeons 
Adult Cardiac Surgery in the United States, concomitant re-
placement of the supracoronary ascending aorta and aortic arch 
has the highest risk of stroke (11%), compared to the ascending 
aorta alone (6.9%), aorta root plus arch (6.3%), and aortic root 
only (3.9%). However, this data included results from elective as 
well as emergent operations. Although further analysis of elec-
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tive operation data demonstrated that the risk of perioperative 
stroke was halved (i.e., 5.3%, 3.2%, 3.4%, and 2.2%, respectively), 
concomitant surgery still had the highest risk for perioperative 
stroke [30]. 

Compared to aortic valve surgery, mitral valve surgery has a 
higher stroke risk. A recent meta-analysis showed that the risk 
of perioperative stroke within 30 days of surgery was 1.62% 
in mitral valve surgery [39]. When concomitant mitral valve 
replacement and CABG was performed, the risk increased by 
2.05%. The risk was even higher with cases of dual valve replace-
ment (aortic and mitral valve). Moreover, patients with cardiac 
surgery had a high risk of cardiac arrhythmia, particularly atrial 
fibrillation, which is a well-known risk factor for embolic stroke. 
Therefore, when anticoagulation is not used, due to surgical 
bleeding control during the immediate postoperative period, the 
presence of atrial fibrillation may cause a postoperative ischemic 
stroke.

When thoraco-abdominal aortic aneurysm surgery is 
planned, there is a small but noticeable risk of spinal cord 
ischemia and infarction (SCI). Population-based cohort series 
demonstrated that a ruptured aneurysm or aortic dissection 
repair (either surgically or endovascularly) was associated with a 
0.74% risk of SCI. In cases with an unruptured aortic aneurysm, 
the risk of SCI was approximately 1 in 600 [40]. Risk factors for 
SCI include a long duration of aorta clamping, direct thrombotic 
occlusion of the anterior spinal artery or artery of Adamkiewicz, 
and global hypoperfusion of the spinal cord. 

CABG is a surgical revascularization procedure for unstable 
angina and myocardial infarction. Therefore, patients undergo-
ing CABG surgery have a lot of vascular and atherosclerotic risk 
factors including old age, previous stroke, diabetes, hyperten-
sion, peripheral artery disease, and renal failure [41]. Given that 
carotid artery stenosis develops due to atherosclerosis, CABG 
candidates have a high likelihood of having concomitant carot-
id stenosis. Ischemic stroke after CABG surgery has a definite 
negative effect on functional outcome and recovery [42]. The 
existence of severe carotid stenosis could be a burden for sur-
geons and anesthesiologists. When patients have concomitant 
carotid stenosis and unstable coronary disease, several treatment 
options can be considered as follows: 1) combined CABG and 
CEA, 2) Staged CEA, followed by CABG, 3) Staged CABG, fol-
lowed by CEA, 4) Staged CAS, followed by CABG, or 5) CEA 
with off-pump CABG [43]. However, this strategy should be in-
dividualized based on the state of carotid disease (asymptomatic 
or symptomatic) and urgency of coronary disease (stable angina 
or unstable angina). A study on the NIS database showed that 
staged CABG and CEA was associated with approximately a 
2.9–9.4% risk of perioperative stroke [44]. However, randomized 
trials are required to validate this finding. 

Neurosurgery: Candidates for CEA usually have symptom-
atic high grade (greater than 60–70%) carotid stenosis. During 
the several decades after the publication of the North American 
Carotid Endarterectomy Trial (NASCET) and the Asymptom-
atic Carotid Atherosclerosis Study (ACAS), the perioperative 
complication rate significantly decreased [45]. The NASCET 
trial reported a 30-day perioperative stroke risk of 5.5% in 1991 
[46], while the recent CREST trial, published in 2010, showed 
that the rate of any periprocedural stroke was 2.3% in the CEA 
group and that the stroke event was mostly minor in severity 
[47]. Real world registry-based analysis showed that the 30-day 
perioperative stroke risk after CEA was 4.1%, which was higher 
in patients who previously presented with stroke, compared to 
those who had ocular or hemispheric TIA (1.4% or 2.5%, re-
spectively) [45]. Moreover, contralateral stroke rarely occurred 
in patients with CEA. The 30-day contralateral perioperative 
stroke rate was 0.5%; urgent CEA and a long operation duration 
were related to contralateral ischemic events [48]. 

In Moyamoya disease, direct extracranial-intracranial (EC-
IC) bypass surgery is a standard treatment option for revascu-
larization. However, it is still unclear whether EC-IC bypass 
surgery plays a role in atherosclerotic ICA occlusion, since this 
association between the two could not be validated in The Ca-
rotid Occlusion Surgery Study (COSS). In the surgical bypass 
group, the 30-day ipsilateral perioperative stroke risk was 14.4%, 
which was higher than in the medical treatment group [49]. 
However, a secondary analysis showed that only 21% of those 
strokes were presumably related to problems due to EC-IC anas-
tomosis [50]. Based on this, we can assume that the periopera-
tive stroke risk with EC-IC bypass surgery is significantly high 
compared to other surgical procedures.

Clipping of intracranial aneurysm also poses a high risk for 
the development of perioperative stroke. Using the NIS data-
base, a study reported that the postoperative stroke rate was as 
high as 6.7%, while the ICH rate was 2.38% [51]. It must be not-
ed, however, that these rates refer to any stroke or ICH during 
hospitalization, rather than to the 30-day perioperative stroke. 
Therefore, the true perioperative stroke risk may be slightly low-
er than this. However, although the direct comparison is limited, 
it is possible that a significant portion of patients with aneurysm 
clipping may experience an ischemic or hemorrhagic stroke.

Non-cardiac and non-neurologic surgery: As described ear-
lier, perioperative stroke risk in patients with general surgery is 
very low. However, vascular, thoracic, or transplantation surgeries 
post a higher risk among general surgeries [52]. Recent improve-
ments in surgical techniques have significantly decreased the 
mortality rate and myocardial infarction rate. However, the risk 
of perioperative stroke increased from 0.52% (in 2004) to 0.77% 
(in 2013) among patients who underwent general surgery [52]. 
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Modifiable risk factors

Carotid stenosis

Although still under debate, severe carotid stenosis is a possi-
ble independent risk factor for perioperative stroke [53]. Severe 
carotid stenosis may limit ipsilateral cerebral perfusion and may 
be a source of cerebral embolism in patients undergoing sur-
gery, which is a reason to treat carotid stenosis before surgical 
procedures. However, another study showed conflicting results. 
Among patients with carotid stenosis indicated for open heart 
surgery, the risk of perioperative stroke was lower if carotid 
stenosis was left untreated, compared to those who underwent 
concomitant cardiac and carotid surgery [54]. This poses ques-
tions about the treatment of concomitant carotid stenosis in 
patients undergoing surgical procedures.

When patients are in the preparation for high-risk cardiac 
surgery, such as CABG, or aortic arch or valve surgery, screen-
ing for carotid artery stenosis is usually performed. Patients with 
severe carotid stenosis are highly likely to have concomitant 
aortic atheroma, which is associated with an increased risk of 
perioperative stroke. However, even with severe carotid stenosis, 
the timing and requirement for carotid revascularization before 
surgery should be individualized, based on the urgency of sur-
gery, vascular reserve in the hemisphere of the stenotic carotid 
artery, and presence or absence of symptoms related to carotid 
stenosis. Moreover, concomitant carotid revascularization sur-
gery and the originally planned surgery may increase the risk of 
perioperative stroke. 

Timing of surgery after previous stroke

A history of stroke is directly linked to the risk of periop-
erative stroke. However, it is unclear how long after the index 
stroke a surgery should be performed to minimize the perioper-
ative stroke risk [3]. A nationwide retrospective study aimed to 
answer this question and reported that, regardless of the timing 
between stroke and surgery, a history of stroke increased the 
odds of 30-day mortality by 1.8-fold in patients with non-car-
diac surgery. Interestingly, the association between a history of 
stroke and major adverse event disappeared after nine months 
[55]. Therefore, it may be reasonable to delay elective non-neu-
rological non-cardiac surgery. This decision should be individu-
alized based on the risk of delaying surgery (the urgency of sur-
gery) and the risk of perioperative stroke of the patients (status 
of perfusion and autoregulation). Expert opinion suggested that 
delaying surgery by at least one month after the index stroke 
would allow restoration of cerebral autoregulation, which in 
turn would decrease the risk of developing perioperative stroke.

Intraoperative hypotension

Most anesthetic agents may induce hypotension. Intraopera-

tive hypotension is a risk factor for perioperative stroke, espe-
cially when patients have significant large vessel stenosis [56]. A 
sudden drop in blood pressure may decrease the cerebral perfu-
sion pressure below the limit of the autoregulation zone, which 
may lead to brain ischemia and perioperative stroke. This is par-
ticularly important for patients with recent ischemic stroke.

Intraoperative hypoxia 

Intraoperative poor systemic oxygenation might be a risk 
factor for perioperative stroke in patients with CPB [57]. A sin-
gle center study over three years demonstrated that lower nadir 
PaO2 values were associated with postoperative stroke, with the 
estimated odds of stroke increasing over 20% (OR, 1.23; 95% 
CI, 1.07–1.41) per 10 mmHg lower nadir PaO2 [57]. Therefore, 
when a low intraoperative oxygen level is identified, it should be 
properly corrected. 

Prevention and Treatment

Perioperative use of beta blocker

Perioperative use of beta blockers might be beneficial in re-
ducing heart rate and sympathetic activity, which in turn might 
lower the risk of cardiac arrhythmia, myocardial infarction, and 
possibly stroke. A recent meta-analysis analyzed the effect of 
beta blockers on cardiovascular outcome in patients who under-
went vascular and endovascular surgery [58]. Among the 32,602 
patients from three randomized trials, five retrospective, and 
three prospective cohorts studies, perioperative beta blockers 
did not reduce stroke (OR, 2.45; 95% CI, 0.89–6.75, P = 0.08). 
The effect of extended-release metoprolol on cardiovascular 
outcome was assessed, in patients undergoing non-cardiac sur-
gery, in the PeriOperative ISchemic Evaluation (POISE) trial 
[59]. Although patients in the metoprolol group had fewer car-
diovascular deaths or myocardial infarctions, they had a signif-
icant increase (2.2-fold) in stroke from day 1. Therefore, special 
caution should be executed, in terms of perioperative stroke, 
when patients are exposed to extended-release metoprolol in a 
preoperative setting. 

Intravenous thrombolysis

A history of major surgery within 14 days is an exclusion 
criterion for the administration of tissue-type plasminogen 
activator (tPA) because of the risk of surgical site bleeding [60]. 
Therefore, even with clear onset symptoms, it is challenging to 
use intravenous tPA in patients with perioperative stroke. A re-
cent retrospective study compared the effectiveness of off-label 
use of tPA in patients with perioperative stroke [61]. Among the 
134 patients treated with tPA, 37% had recent surgery within 10 
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days, and 64% had major surgery. After treatment with IV tPA, 
7% of patients had surgical site bleeding, which was serious in 
3% of patients, but there were no fatalities. One fatal bleeding 
occurred remotely from the surgical site. Recent surgery (with-
in 10 days) had higher odds for surgical site hemorrhage (OR 
10.7) compared to remote surgery, after treatment with IV tPA. 
Although the intracranial hemorrhage rate was 9.7%, all cases 
were asymptomatic and not severe. These results indicated that 
the administration of IV tPA was associated with a high risk of 
surgical site bleeding. Thus, the use of tPA should be individu-
alized based on the risk and benefit of the treatment in specific 
patients. 

Intra-arterial mechanical thrombectomy

Multiple randomized clinical trials demonstrated that EVT 
in patients with anterior circulation ischemia with large vessel 
occlusion (mainly of the intracranial ICA, middle cerebral artery 
[MCA] main trunk, or the M2 major branch of the MCA) led 
to effective recanalization and a better clinical outcome, without 
an additional risk of hemorrhagic complication [62]. Thus, EVT 
is considered as a treatment option for perioperative stroke. 
Another study focused on the procedural success rate of EVT in 
patients with perioperative stroke [63]. Patients with periopera-

tive stroke had similar rates of recanalization and major proce-
dural complication, compared to patients without perioperative 
stroke. However, the functional outcome and mortality rate was 
significantly worse in patients with perioperative stroke.

Intravenous infusion of unfractionated heparin

The use of intravenous unfractionated heparin is not a 
standard treatment option, even for cardioembolic stroke. The 
administration of unfractionated heparin does not lead to better 
recanalization of occluded vessels [64]. It could also increase 
complications like symptomatic hemorrhagic transformation or 
heparin-induced thrombocytopenia. Therefore, the use of intra-
venous unfractionated heparin has recently been decreased [65]. 
Given the high risk of bleeding complication, the use of intrave-
nous heparin is not recommended for perioperative stroke. 

Conclusion 

The risk of perioperative stroke can vary based on patient 
risk factors, the type of surgery, or intraoperative hypotension 
or hypoxia. Thus, special caution is warranted for high-risk pa-
tients undergoing cardiovascular or neurological surgery. 
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