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Abstract

Purpose of Review The significance of stroke in the non-
cardiac, nonneurologic, and nonvascular perioperative set-
ting has been routinely underestimated. A complex interplay
of multiple perioperative, patient, and surgical factors is
involved in the pathogenesis of perioperative stroke. Mul-
tiple risk reduction strategies are required to decrease the
incidence of this devastating complication.

Recent Findings Recent evidence demonstrates that one in
every 1000 patients undergoing low-risk surgery may develop
perioperative stroke which can result in significant morbidity
or mortality. The incidence of covert stroke is much higher.
Further, it is now established that the majority of strokes do
not occur during or immediately after surgery but at least 24 h
later—thus emphasizing the need for active surveillance.
Summary A high index of suspicion throughout the peri-
operative period, prompt diagnosis, and immediate man-
agement based on a multidisciplinary protocol is the key
for successful outcome. In this article, we review recent
evidence pertaining to this topic. We also suggest a model
clinical care pathway for institutional management of
perioperative stroke that could form the basis of multidis-
ciplinary care.

This article is part of the Topical Collection on Neuroanesthesia.

< Laurel E. Moore
laurelmo @med.umich.edu

Raja V. Lakshmanan
raja_laksh2003 @yahoo.co.uk

Baskar Rajala
brajala@med.umich.edu

Department of Anesthesiology, University of Michigan
Health System, 1500 East Medical Center Drive, 1H247,
Ann Arbor, MI 48109, USA

@ Springer

Keywords Stroke - Ischemic stroke - Perioperative stroke -
Noncardiac surgery - Nonneurologic surgery -
Cerebrovascular - Cerebrovascular accident

Introduction

Stroke is an acute focal injury of the central nervous system
due to a vascular cause, either infarction or hemorrhage [1].
In-hospital stroke is associated with worse outcomes
compared to community-onset stroke, and, in one study,
surgical patients represented almost 50 % of all in-hospital
strokes [2]. Although well recognized in the cardiac, neu-
rologic, and vascular surgery settings, perioperative stroke
in the context of noncardiac, nonneurological surgery has
not been as thoroughly studied. Current evidence indicates
that perioperative stroke in the noncardiac, nonneurologic
surgical setting is a distinct clinical entity associated with
higher morbidity and hospital length of stay, and up to an
8-fold increase in mortality compared to patients not suf-
fering stroke [3]. The purpose of this article is to review the
current evidence on perioperative stroke in the noncardiac,
nonneurologic setting, with particular emphasis on the
consensus recommendations for perioperative care of
patients at risk for stroke by the Society for Neuroscience
in Anesthesiology and Critical Care (SNACC) [4e].

Definition

Until recently, there was no universally accepted definition
for perioperative stroke. Consequently, there was wide
variation in the reported incidence, risk factors, and man-
agement of this event. The SNACC consensus statement
has provided a standardized definition of perioperative
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stroke: “a brain infarction of ischemic or hemorrhagic
etiology that occurs during surgery or within 30 days after
surgery” [4++]. The American Heart Association (AHA)/
American Stroke Association (ASA) definition for CNS
infarction is “Brain, spinal cord or retinal cell death
attributable to ischemia based on neuropathological, neu-
roimaging, and/or clinical evidence of permanent injury”

[1].

Incidence

There is wide variation in the reported incidence of peri-
operative stroke because of the lack of a standardized
definition, low incidence, and difficulty recognizing stroke
in the perioperative setting. Furthermore, unlike perioper-
ative myocardial infarction, there is also a lack of easily
accessible biomarkers, further complicating the recognition
of stroke in the postoperative patient [3, 5e¢]. Table I
depicts the wide variance of stroke reported for different
surgical procedures. The incidence of perioperative stroke
in noncardiac, nonneurologic surgery is estimated as 0.1 %
[3]. This figure excludes cases of covert stroke which is a
clinically silent ischemic event detected by neuroimaging
[6]. In a relatively low-risk surgical population, the inci-
dence of covert stroke may be as high as 10 % [7]. The
incidence of other subtle clinical neurologic outcomes such
as cognitive dysfunction is likely to be even higher,
although there is currently insufficient evidence to quantify
this. It is important to understand that most postoperative
strokes present at least 24 h after surgery, and that only
5-15 % occur intraoperatively or in the immediate post-
operative period [5, 8ee].

Pathophysiology
Stroke can be broadly classified as ischemic or hemor-

rhagic. The majority of perioperative strokes are ischemic
[17-19]; <4 % are secondary to hemorrhage [8ee, 20].

Table 1 Incidence of perioperative stroke in representative surgical
populations [9]

Surgical procedure Incidence (%)

Noncardiac nonneurologic [3] 0.1
Total hip arthroplasty [10] 0.2
Vascular noncarotid [5°, 11] 0.4-0.8
Vascular carotid [12] 0.9
Coronary artery bypass [13, 14] 2.0-3.1
Double and triple valve replacement [15] 9.7
Aortic arch procedures with DHA [16] 19.2

Although the Acute Stroke Treatment classification system
is useful to differentiate the etiology of ischemic stroke in
the nonoperative setting [21], the lack of robust studies and
infrequent occurrence prevent the same level of granularity
in defining the etiologies of perioperative stroke. The
majority of perioperative strokes are cortical infarcts
located in the MCA territory [22]. The major mechanisms
implicated in the development of perioperative stroke are
thrombosis, embolism, anemic tissue hypoxia, and cerebral
hypoperfusion [17, 23-25]. Stroke presenting on the day of
surgery is relatively infrequent (<6 %) [8¢¢]. The majority
of perioperative strokes occur after the second postopera-
tive day [26], suggesting that postoperative events may
play an important role in their pathogenesis [17, 26]. This
has important clinical consequences as it highlights the
importance of continued meticulous monitoring during the
recovery and postoperative periods.

Thrombosis

The perioperative period induces a hypercoagulable state in
surgical patients. The reasons for this are multifactorial and
include a combination of activation of prothrombotic
inflammatory cascades [27], endothelial dysfunction, and
rebound hypercoagulation secondary to discontinuation of
antiplatelet or anticoagulant therapy [28, 29].

The prothrombotic inflammatory cascade is characterized
by an elevation in inflammatory markers including inter-
leukins-1 and -6, tumor necrosis factor o [30], and C-reac-
tive protein [31]. Inflammation is an important component in
stroke pathophysiology [32, 33], and peak plasma concen-
tration of interleukin-6 correlates significantly with infarct
volume, clinical outcomes, and mortality following stroke
[34, 35]. Further, the antiinflammatory effect of statins has
been shown to have a protective role in the prevention of
stroke in nonoperative [36] and perioperative settings in
vascular and cardiac surgery patients [37, 38].

Endothelial dysfunction in the postoperative period is a
recognized event, and general anesthetics, especially
nitrous oxide, can further impair endothelial function
[39, 40]. In combination with the pro-inflammatory state
induced by surgery, vascular endothelial dysfunction may
predispose to increased risk of thrombotic stroke in the
perioperative period. However, as of yet these concerns
remain theoretical and there is no evidence for this asso-
ciation in clinical practice.

Embolism
In cardiac surgery, cardioembolism is the major cause of
perioperative ischemic stroke (>60 %) [20], related to

manipulation of the heart and aorta, and the risks inherent
to cardiopulmonary bypass [15, 41]. In contrast, in the
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noncardiac nonneurosurgical setting, the majority of
strokes occur secondary to thrombosis (68 %)
[17,23, 42, 43]. The main etiology of embolic stroke in the
noncardiac setting is preexisting or new onset atrial fibril-
lation [10, 44].

Anemia

Cerebral hypoxia in the setting of hemodilution and anemia
has been demonstrated in animal studies [45]. In humans,
an increased risk of stroke has been observed in surgical
patients receiving beta-blockers, particularly metoprolol,
with hemoglobin levels below 9 g/dl [24]. The underlying
mechanism of this increased stroke risk may be the sup-
pression of the protective, compensatory increase in car-
diac output by metoprolol. Based on animal studies,
another theory for the observed increased risk of stroke
may be antagonism of [,-mediated cerebral vasodilation
[46, 47]. When this antagonism was minimized, the risk for
ischemia and stroke was lessened further supporting this
theory [48].

Hypoperfusion

Watershed areas occur at the junction of the distal fields of
two or more nonanastomosing arterial systems. Perfusing
pressures may be limited in these regions making them
particularly vulnerable to ischemia [49]. Watershed infarcts
are responsible for approximately 10 % of strokes in car-
diac surgery [50]. Relative hypotension may result in
hypoperfusion to vulnerable vascular beds, particularly
when combined with fixed vessel stenosis proximal to the
area at risk. Interestingly, deliberate hypotension does not
seem to adversely affect cerebral perfusion [51]. Even if
hypotension per se is not the cause of a stroke, it might still
adversely affect its severity by compromising perfusion to
the ischemic penumbra [52] and by reducing the clearance
of microemboli, thus increasing the ischemic insult [53].

Risk Factors

There are three major categories of risk that may contribute
to the development of perioperative stroke—patient
comorbidities, surgical factors, and perioperative events.
These major components and related causes are illustrated
in Fig. 1. As regards the patient comorbidities associated
with perioperative stroke, Mashour et al. developed a
model to predict the risk of perioperative stroke based on
National Surgery Quality Improvement Program (NSQIP)
data from more than 350,000 noncardiac, nonneurologic
surgical patients [3]. This model was validated in a second
cohort that included more than 150,000 patients (Table 2).
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It is important to note that, while the incidence of periop-
erative stroke in this low-risk surgical population was
0.1 % in patients with <2 risk factors, stroke incidence
increased 20-fold for patients with >5 risk factors.

Risk Reduction
Preoperative Management
Timing of Elective Surgery After Recent Stroke

All patients presenting for surgery with a history of cere-
brovascular compromise should be regarded as high risk
for perioperative stroke [4e]. Stroke results in deranged
cerebral autoregulation that persists for several months,
thereby increasing the likelihood of cerebral ischemia with
minimal additional stress [54-57]. A recent large study
using the Danish nationwide cohort dramatically supported
this concern [58¢]. When elective noncardiac surgery was
performed within 3 months of a known stroke, the adjusted
odds of perioperative stroke was increased 67-fold com-
pared to patients with no prior history of stroke. This ele-
vated risk of perioperative stroke extended up to 9 months
beyond the initial stroke event. Additionally, in this large
cohort the risk of major adverse cardiac events (MACE
include ischemic stroke, acute myocardial infarction, and
cardiovascular death) was also markedly increased in
patients having suffered recent stroke, and this increased
risk also persisted up to 9 months following the initial
stroke event [58¢]. Based on these recent data it can be
concluded that, when possible, elective surgery should be
delayed 6-9 months following acute ischemic stroke and
that patients requiring emergent surgery within 9 months
of stroke are not only at risk for recurrent stroke but also
for other major cardiovascular complications.

Anticoagulant and Antiplatelet Therapy

Discontinuation of antiplatelet and antithrombotic therapy in
nonoperative patients is associated with a 5.2 % incidence of
stroke within 60 days compared to patients who continue
treatment [29]. Because of the increased risk of bleeding
with continued antiplatelet therapy [59¢], this becomes a
complex clinical issue in the perioperative setting. The
bleeding complications resulting from continued antiplatelet
therapy should be balanced against the risk of thrombosis
resulting in stroke or myocardial ischemia when antiplatelet
agents are withheld. A practical approach is to continue
antiplatelet drugs in patients scheduled for minor surgeries
or those in which high blood loss is unlikely. If a procedure
is associated with significant bleeding, discontinuation of
antiplatelet therapy should be considered and treatment
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Table 2 Increasing risk of perioperative risk with increasing number of comorbidities in a low-risk surgical population [3]

Risk factors Model

Incidence of
perioperative stroke

Risk classification

<2 Risk factors
3—4 Risk factors
>5 Risk factors

Age >62 years

MI within 6 months
Acute renal failure
Previous stroke
Dialysis

Hypertension

H/O Transient Ischemic
Attack

COPD

Current tobacco use
BMI 35-40 (Protective)

Low risk 0.1 %
Intermediate risk 0.7 %
High risk 1.9 %

restarted as soon as the risk of surgical bleeding is consid-
ered to be low, with appropriate bridging strategies.

Several studies have confirmed that aspirin taken within
5 days prior to cardiac surgery is protective against peri-
operative stroke [60—62]. The evidence for this protection
is less conclusive for noncardiac, noncarotid surgery,
except for hip arthroplasty [63]. Thus current evidence
does not support the initiation of aspirin before and after
noncardiac surgery for stroke prevention [64]. Patients
presenting for surgery who are taking aspirin for primary
(10-year Framingham coronary risk estimate >10 %) or
secondary (prevention of MI, stroke, and death secondary
to vascular causes) preventative therapy, and who are
undergoing nonclosed space or nonprostate procedures,
should be considered for aspirin continuation throughout
the perioperative period [65]. Further study is needed to
clarify management of this patient group.

Perioperative Beta-Blockade

Since the PeriOperative ISchemic Evaluation (POISE) trial
demonstrated a higher risk of stroke and death in patients
receiving metoprolol in the immediate preoperative period
[25], considerable interest surrounds the possible associa-
tion between beta-blockers and stroke. It is unclear if this
association represents a metoprolol-specific effect, or if the
poor outcomes were related to the observed bradycardia
and hypotension in patients randomized to receive meto-
prolol. Subsequent studies have shown no increased risk of
stroke with clinically routine doses of bisoprolol [66], and
that bisoprolol is associated with lower stroke risk than
either metoprolol or atenolol [24].

There is evidence of a reduced risk of MACE with
perioperative beta-blockade, though this may come at the
expense of an increased risk of stroke in noncardiac
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surgery patients [67]. The 2014 American College of
Cardiology/AHA guidelines recommend balancing the
risks and benefits of perioperative beta-blockade on a
patient-specific basis [68]. In cases where the risk of
MACE may be higher than that of perioperative stroke,
perioperative beta-blockade may be beneficial. In such
circumstances it is suggested that beta-blockers be gradu-
ally up-titrated prior to surgery when possible [4e¢]. For
patients on chronic beta-blocker therapy, at present the
known risks of acute cessation outweigh the theoretical
risks of stroke with continued therapy. Beta-blocker ther-
apy should therefore be continued through the periopera-
tive period in such patients.

Perioperative Statins

In the nonoperative setting, discontinuation of statins in
individuals with acute ischemic stroke is associated with a
high risk of early neurologic deterioration [69]. In
asymptomatic surgical patients presenting for carotid
endarterectomy, statins can reduce neurologic injury [70].
The protective effects of statins for noncardiac and non-
carotid patients, however, are less clear. While the Vas-
cular Events in Noncardiac Surgery Patients Cohort
Evaluation study demonstrated that preoperative statin use
was associated with a lower risk of a composite of adverse
cardiovascular events (all-cause mortality, myocardial
injury after noncardiac surgery or stroke), there was no
protection against myocardial infarction or stroke per se
[71]. Thus, with regard to perioperative stroke in the
noncardiac and nonvascular surgical population, to date
there are no data to support any beneficial effect from the
initiation of statins. It seems advisable however to continue
statins perioperatively for patients presenting on chronic
statin therapy.

Intraoperative Management

While intraoperative events are frequently cited as a direct
cause of perioperative stroke, the evidence for this is not
strong. Based on NSQIP data from over 47,000 noncarotid
major vascular surgery patients, Sharifpour et al. demon-
strated that only 15 % of strokes occurred on postoperative
day O or 1 [5ee]. This is consistent with results from other
studies [11, 42, 72], and suggests that the postoperative
rather than intraoperative period may be critical for stroke
development. None of the independent predictors of stroke
identified by Sharifpour et al. (increasing age, cardiac
history, female sex, history of cerebrovascular disease, and
acute renal failure or dialysis dependence) is potentially
modifiable [5¢¢], highlighting the importance of conducting
further prospective investigations to identify intraoperative
and postoperative risk factors. Nevertheless, we discuss
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different intraoperative anesthetic techniques and strategies
that have been studied to decrease postoperative stroke
risk.

Anesthetic and Monitoring Techniques

Regional versus General Anesthesia There is no conclu-
sive evidence to suggest that either a regional or general
anesthesia technique is superior with regard to periopera-
tive stroke risk reduction [8¢¢]. The General Anesthesia
versus Local Anesthesia for carotid surgery (GALA) trial,
an international multicenter study, did not show any
definitive difference in stroke outcomes between regional
or general anesthesia for carotid endarterectomy [73].
However, there is some evidence to suggest that central
neuraxial blocks may be associated with lower risk of
stroke (0.07 vs. 0.13 %) and reduced mortality in joint
arthroplasty [74]. This is further supported by another
single-center observational study that identified general
anesthesia as an independent predictor of postoperative
stroke in joint arthroplasty patients (OR 3.54, 95 % CI
1.01-12.39) [75]. The SNACC Perioperative Stroke Con-
sensus Statement recognizes that neuraxial techniques may
be associated with a lower incidence of perioperative
stroke for joint arthroplasty, but emphasizes that this
finding may not be applicable to other surgical populations.

Nitrous Oxide Nitrous oxide can increase plasma homo-
cysteine levels [39]. There is a hypothetical risk that this
could result in impairment of endothelial function which
may lead to adverse cardiovascular events including stroke.
However, neither the Nitrous oxide and perioperative car-
diac morbidity (ENIGMA-II) trial [76] nor subgroup
analysis in the GALA trial [77] supports this hypothesis.
Based on several studies, it is safe to deduce that there is no
clinically significant association between intraoperative
administration of nitrous oxide and postoperative stroke
[8ee, 77-79]. This view is also reflected in the SNACC
consensus statement [4ee].

Ventilation Strategies Although there is no direct rela-
tionship between ventilation strategies and stroke risk,
hyperventilation results in hypocapnia with consequent
reduction in cerebral blood flow. In the nonoperative set-
ting, imaging studies have demonstrated a higher incidence
of cerebral ischemia and worse outcome in stroke patients
who were hypocapnic when compared to normocapnic
patients [80]. There is no similar evidence in the surgical
cohort. In theory, hyperventilation can cause an ‘inverse
steal phenomenon’ and therefore favorably redistribute
blood flow to ischemic regions, but animal studies do not
support this hypothesis [8§1-84]. Intraoperative hyperven-
tilation has other deleterious effects such as reduced
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oxygenation, increased myocardial oxygen, dysrhythmias,
and reduced cerebral blood flow. Thus hyperventilation
should not be employed because of a theoretical potential
for favorable cerebral blood flow distribution after stroke,
and it seems reasonable to maintain normocapnia when
possible.

Physiologic Management

Blood Pressure and Positioning Until recently there was
very little evidence to support a link between intraoperative
hypotension and postoperative stroke [17]. The low inci-
dence of watershed infarctions in noncardiac surgical
patients [85], and the possibility of embolic phenomena as
the cause of cortical watershed infarcts [53, 86], suggest a
cause other than intraoperative hypotension. However, the
hypotension associated with acute beta-blockade in the
POISE trial revived interest on this subject [25]. Bijker
et al. demonstrated a small association between intraoper-
ative hypotension and postoperative stroke when mean
arterial pressure (MAP) was reduced by 30 % compared
with baseline (OR 1.01; 99.9 % CI 1.00-1.03) [22],
although the clinical significance of this result is unclear.
Mashour et al. also found an association between postop-
erative stroke and intraoperative hypotension defined as
blood pressure 20 % below baseline for both systolic blood
pressure and MAP [8e¢]. Thus, while it seems reasonable to
assume that there is an association between intraoperative
hypotension and postoperative stroke, the threshold and
duration at which this association is significant is not clear.
Further prospective studies are required to assess the
strength of this association.

Given the evidence for the detrimental effects of intra-
operative hypotension on stroke incidence, one might
assume that the reverse scenario (maintaining blood pres-
sure near preoperative baseline values) should lower the
risk of postoperative stroke risk. However, evidence for
this notion is lacking. Further, the timing of postoperative
stroke (most common after 24 h), emphasizes the impor-
tance of hypotension in the postoperative period as an
important contributing factor.

Postural hypotension, especially in the beach chair
position, may also play a role in stroke incidence after
noncardiac surgery [87]. Neurologic injury may result from
inadvertent reduction in cerebral perfusion pressures
despite acceptable recorded blood pressures because of the
postural effects of the seated position on blood pressure
[88]. MAP measured at the level of the brain stem can be
12-24 mmHg lower than the pressure measured by cuff on
the nonoperative arm, and further divergent if measured on
the lower extremity [89]. Cerebral oximetry studies reveal
a high incidence of regional cerebral oxygen desaturation
in the beach chair position [90-92], but the relationship

between the severity and duration of these episodes of
desaturation and the risk of neurologic injury is not yet
known [93, 94].

Intraoperative Hemorrhage and Optimal Transfusion
Therapy There is evidence in nonoperative patients that
anemia is associated with stroke even in the absence of
hypotension [95, 96]. In cardiac surgery, there is evidence
of an association between low hematocrit and increased
risk of perioperative stroke [97-99]. The POISE trial
identified ‘significant bleeding’ to be an independent pre-
dictor of postoperative stroke in the population of high-risk
patients undergoing noncardiac surgery [25]. Furthermore,
in noncardiac, noncarotid, and nonneurologic surgery, it
has been demonstrated that patients receiving more than
four units of packed red blood cells have a 2.5-fold
increased risk of stroke [100]. Although there is evidence
to demonstrate increased risk of stroke or myocardial
infarction relating to number of units of transfusion [101],
the possibility still remains that any transfusion is simply a
marker for unmeasured or unmeasurable variables such as
a clinical instability, more extensive surgery, or an indi-
vidual clinician’s threshold to transfuse. As previously
discussed, patients on beta-blockers may be at particular
risk for cerebral ischemia in the setting of anemia due to
inhibition of B,-mediated cerebral vasodilation [24]. The
SNACC consensus statement recommends maintaining
hemoglobin >9 gm/dl in surgical patients on chronic beta-
blocker therapy.

Blood Glucose Homeostasis In cardiac surgery, both
hypoglycemia [102] and hyperglycemia [103] have been
identified as risk factors for perioperative stroke. Hyper-
glycemia has also been identified as a risk factor for peri-
operative stroke in carotid endarterectomy [104] and open
cerebral aneurysm surgery [105], but similar evidence in
noncardiac, nonneurologic surgery is lacking. Most authors
recommend intervention for serum glucose values
exceeding 150 mg/dl, with an absolute upper limit of
180 mg/dl in patients undergoing major surgery [106, 107].
For avoidance of hypoglycemia, insulin therapy should be
reduced if blood glucose concentrations decline below
100 mg/dl with an absolute lower limit of 70 mg/dl [108].

Intraoperative Beta-Blockade The most important intra-
operative pharmacologic association with postoperative
stroke is the administration of beta-blockers. As discussed
earlier, the POISE trial identified an association between
perioperative metoprolol and postoperative stroke [25], and
subsequent studies have confirmed this effect. Mashour
et al. found a greater than threefold increased risk of
perioperative stroke in patients who received intraoperative
metoprolol [8+]. This effect was not observed with esmolol
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and labetalol. As a nonselective beta-blocker, metoprolol
may uniquely place patients at risk for stroke in the setting
of hemodilution [46, 47, 109, 110]. Accordingly, the
SNACC consensus statement suggests that beta-blockers
with a short duration of action and greater P, selectivity
such as esmolol should be considered for intraoperative
use.

Management of Perioperative Stroke

Clinical recognition of perioperative stroke is predictably
difficult in the setting of emergence from general anes-
thesia, pain, sleep deprivation, and ongoing opiate therapy.
Delayed recognition of symptoms, delayed neuroimaging,
lower rates of thrombolysis, and exceptionally severe
stroke have all been associated with in-hospital stroke [2].
Whenever possible, management should follow the most
recent AHA guidelines for the management of patients
with acute ischemic stroke [111], although postoperative
patients clearly present unique clinical problems that are
not relevant in the nonoperative setting. An organized
protocol for emergency evaluation of surgical patients with
suspected perioperative stroke facilitates the activities of a
multidisciplinary team. An institutional pathway also pro-
motes higher efficiency, more rapid therapeutic interven-
tion, and a more reliable transfer of information pertinent
to a patient’s optimal care [112]. In the management of
stroke, it should be remembered that ‘Time is Brain’! See
Fig. 2 for a suggested treatment algorithm.

Initial Assessment

A high index of suspicion, particularly in patients with
known risk factors for stroke, is the key to early identifi-
cation and management of perioperative stroke. A delay in
emergence from anesthesia, altered mental status upon
emergence, or any new focal neurological deficit should
immediately alert the clinical team to the possibility of
stroke. If suspected, a rapid assessment should be per-
formed using a simple, quick screening tool. This could
include any of a number of scales, including FAST [113],
LAPSS [114], MASS [115], and ROSIER [116], although
all of them were established for recognizing stroke in the
nonoperative setting. Currently, there is no ideal tool for
recognizing stroke in the postoperative patient.

Confirmation of Diagnosis
If the initial assessment is nonreassuring then the hospital
stroke team should be activated immediately. The members

of this team generally include stroke neurology, interven-
tional neuroradiology, intensive care, and anesthesia. This
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team can perform a detailed evaluation, and confirm or
refute the clinical diagnosis of stroke.

Simultaneously, the clinical team in the postoperative
unit should assess the possibility of any physiologic,
pharmacologic, or pathologic cause that may mimic or
mask features of stroke. Residual action of perioperative
medications (opiates, sedative hypnotics, neuromuscular
blockers, or residual inhalational agent) should be consid-
ered. The primary surgical team should also perform an
initial assessment to rule out any surgical cause of the
patient’s clinical state. Vital signs should be monitored as
part of the initial evaluation and as a baseline to assess
subsequent measurements. Baseline blood investigations,
including complete blood count, electrolytes, coagulation
status, point of care glucose measurement, and arterial
blood gases, should also be considered.

A noncontrast head CT should be immediately obtained
to rule out acute hemorrhage as the cause of neurologic
decline. The information obtained from CT has important
therapeutic implications as the patient can not be consid-
ered for any mode of acute intervention until the absesnce
of intracranial hemorrhage is confirmed. Radiologic find-
ings should be correlated with clinical findings. If the
diagnosis remains unclear, or if stroke is suspected but the
timing of onset is unknown, an MRI may be indicated
recognizing the delays inherent to this imaging modality.

The vast majority of perioperative stroke is ischemic in
origin and therefore further discussion will focus on the
management of ischemic stroke in this population. If a
hemorrhagic stroke is identified, then ASA/AHA guideli-
nes should be followed [117].

To Thrombolyse or Not?

There are three main therapeutic options available in the
management of ischemic stroke: systemic thrombolysis
[111], intraarterial thrombolysis [118-120], or catheter-
based mechanical interventions [121]. If ischemic stroke is
confirmed radiologically and clinically, then a meticulous,
multidisciplinary, risk-benefit analysis should be performed
regarding patient suitability for thrombolysis. This decision
will depend on patient factors, the surgical intervention
performed, time since surgery, and the site and severity of
the stroke. If appropriate resources are available, acute
mechanical endovascular treatment may alleviate the need
for thrombolysis. If pharmacological thrombolysis is deci-
ded then this can be accomplished either by intravenous or
intraarterial routes (if patient is at high risk of systemic
hemorrhage). Recombinant tissue plasminogen activator
(rtPA) is the currently available thrombolytic agent
employed in the United States. Unlike treatment protocols
for acute myocardial infarction, administration of aspirin or
other anticoagulant is not indicated within 24 h of stroke
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Fig. 2 Suggested treatment algorithm for suspected perioperative stroke

onset and may in fact render the patient ineligible for
thrombolytic therapy. There are new prospective studies in
strong support of endovascular management for acute
ischemic stroke, and improved techniques including the use
of stent-retrievers may minimize the need for systemic
thrombolytics in the postsurgical patient [122].

Further Care

Patients who suffer a perioperative stroke should be recov-
ered in a neurocritical care unit or a dedicated stroke unit for
close neurologic and physiologic monitoring. Airway con-
trol with intubation should be strongly considered if GCS is
<8 in order to decrease the chance of aspiration, prevent

Supplemental | | Systolic blood D;:f:jhc
R/Ovariables such| | 02ifsat ||pressure 140- Normoglycemia || Normocapnia | [Normothermia
asresidual <94% 180 mmHg pressure
anesthetic effect, <105 mmHg
hypoglycemia,
hypoventilation,
seizure or prior

hypercapnia, manage intracranial pressure, and treat cerebral
edema. SpO, should be maintained above 94 %, achieved
through oxygen supplementation and mechanical ventilation
as required. Sufficient perfusion pressure should be main-
tained at all times. In this regard, blood pressure lowering is
not recommended unless >180/105 mmHg in thrombolysed
patients, or >220/120 in nonthrombolysed patients or in the
presence of significant comorbidities such as cardiac failure.
Continuous EKG monitoring should be performed because
stroke patients are prone to serious arrhythmias which
require immediate treatment to restore sinus rhythm. Pain
can initiate a stress response and should be avoided or
treated with appropriate analgesia. Hypovolemia should be
corrected with normal saline.
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Conclusion

Perioperative stroke is a devastating consequence for
patients and their families. Risk stratification and risk
reduction strategies are crucial to minimize the risk of
perioperative stroke. Early identification and expeditious
management involving a multidisciplinary approach is the
key to avoiding a poor outcome following perioperative
stroke.
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