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Abstract Perioperative ischemic stroke occurs in approxi-
mately 0.08-0.7% of patients after non-cardiovascular
surgery and confers a significant risk of morbidity and
mortality. The mortality rate of this major complication is
similar in non-cardiovascular and cardiovascular surgery. Its
incidence appears to be similar in Japan, Europe, and the
United States. Perioperative physicians should be aware of
the pathophysiology and predictors of ischemic stroke, and
the anti-thrombotic strategies to prevent it. The main causes
of perioperative ischemic stroke include cerebral athero-
thrombosis; lacuna stroke; cardiac thrombi due to atrial
fibrillation; dehydration; hypotension; and perioperative
systemic hypercoagulability. Perioperative management
includes detailed informed consent regarding potential
stroke risks, counseling, careful surgical treatment decisions,
and identification of the high-risk patient for perioperative
antithrombotic strategies. The 2009 Japanese guidelines for
the management of stroke recommend using the appropriate
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intravenous infusions to avoid dehydration and consider-
ation of anticoagulation in the patients who are at high risk
for thrombosis and embolism while antithrombotic agents
are discontinued. Understanding how to prevent periopera-
tive ischemic stroke remains a challenge. In this article, we
review the incidence, timing of the occurrence, mortality,
risk factors, and pathophysiology of perioperative ischemic
stroke in the non-cardiovascular surgery patient.
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Introduction

Perioperative ischemic stroke is one of the most debilitating
and prognostically ominous complications of surgery and
anesthesia. An accurate characterization of perioperative
ischemic stroke can contribute to informed consent, patient
counseling, and appropriate surgical treatment decisions.
Cardiac and vascular surgeries are associated with an
increased risk of stroke; the incidence rate ranges from 2.0 to
10.0% [1-3] and the mortality rate is 22.2% [4]. Non-car-
diovascular surgery is associated with a lower risk of stroke,
with an incidence rate that ranges from 0.08 to 0.7%. Peri-
operative mortality in non-cardiovascular surgery patients
who suffer a perioperative ischemic stroke is remarkably
high at 18-26% [5-7], and is comparable to the mortality
rate in cardiovascular surgery patients [4]. However, there
are few studies regarding the risk management of perioper-
ative ischemic stroke in non-cardiovascular surgery.

Stroke is projected to remain the second leading cause
of death worldwide until 2020, and is the main cause of
long-term neurological disability in the adult [8]. A recent
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large comparative study documents a relatively high inci-
dence of strokes in the Japanese population, compared with
most other populations in the world [9]. Our recent study
also documents a higher incidence of perioperative ische-
mic stroke than perioperative myocardial infarction [10].
This may indicate that Japanese patients are more vulner-
able to perioperative ischemic stroke, compared with
populations in other countries of the world.

In this article, we review the incidence, mortality, risk
factors, and pathophysiology of symptomatic perioperative
ischemic stroke in the non-cardiovascular surgery patient.

Incidence

Two recent large observational studies report that the
incidence of symptomatic perioperative stroke is 0.3-0.4%
in non-cardiovascular surgery patients [7, 10]. In these
studies, perioperative new neurological deficits that per-
sisted for more than 24 h were included. Silent or mild
ischemic stroke may be overlooked and undiagnosed;
therefore, the actual incidence of perioperative stroke,
including transient or silent ischemic attacks, is probably
higher than has been reported.

Age

Two recent observational studies demonstrate that the
incidence of perioperative ischemic stroke increases with
age (Fig. 1) [7, 10]. The incidence is 0.1-0.2% for people
under 65 years old, increases to 0.5% in people
65-74 years old; and further increases to 1.0% in people
over 75 years old. These two studies were based on dif-
ferent ethnic populations—one study was conducted in the
United States [7] and the other in Japan [10]. Nevertheless,
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Fig. 1 The incidence of perioperative ischemic stroke increases with
age, and two recent observational studies, one conducted in the
United States and the other in Japan, demonstrate similarity. Modified

from Kikura et al. [10], and Bateman et al. [7] with permission
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the incidence of perioperative ischemic stroke with aging
was similar.

Operations

The incidence of perioperative ischemic stroke varies,
depending on the type of operation (Table 1). High-risk
surgery increases the risk of ischemic stroke by 1.5-fold
[10]. The incidences of perioperative ischemic stroke
reported in previous studies are 0.08-0.7% in general
surgery [1, 7, 10-12]; 0.2-0.9% in orthopedic surgery
[7, 10, 12]; 0.6-0.9% in lung operations [7, 10]; and
0.3-3.0% in peripheral vascular surgery [1, 10, 12].

Timing of the occurrence of an ischemic stroke

The time from the surgery to the occurrence of an ischemic
stroke ranges from the day of surgery to postoperative day
30 (Fig. 2) [6, 10-13]. The median day for the occurrence
of an ischemic stroke is postoperative days 2 through 9,
while the mean day for the occurrence of an ischemic
stroke is postoperative days 8 through 12. The peak inci-
dence of perioperative stroke is early after the surgery, but
the incidence declines thereafter [10, 12]. Our recent study
shows the incidence is at a relatively constant rate during
the postoperative period (Fig. 3) [10].

Mortality

Perioperative mortality following perioperative ischemic
stroke is relatively high and various studies report rates of
4.8% [10]; 16.7% [11]; 18.0% [6]; 26.0% [5]; and 26.2%
[7]. These mortality rates are comparable to the 22.2%
perioperative mortality rate in cardiac surgery [4].

Table 1 Incidence of perioperative ischemic stroke (%) according to
type of operation, as reported in the literature

Operations Perioperative ischemic stroke (%)

General surgery 0.2 [11], 0.24 [10], 0.08-0.7 [1]

Lower abdominal surgery 0.31 [10]

Hemicolectomy 0.7 [7]
Orthopedic surgery 0.29 [10], 0.9 [12]

Total knee replacement 0.17 [10]

Total hip replacement 0.2 [7], 0.4 [10]

Spine surgery 0.48 [10]

0.6 [7], 0.87 [10]
0.3 [12], 0.56 [10], 0.8-3.0 [1]

Lung surgery
Peripheral vascular surgery
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The duration from surgery to ischemic stroke
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Fig. 2 The time from the surgery to the occurrence of an ischemic
stroke reported in the literature; the mean day for the occurrence of an
ischemic stroke is postoperative days 8 through 12
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Fig. 3 The daily distribution of postoperative stroke (n = 126) is
shown, and a linear regression line best fitted the distribution of
postoperative ischemic stroke (P = 0.0004). Dotted lines indicate
95% confidence intervals. From Kikura et al. [10], with permission

Risk factors

The main risk factors for perioperative ischemic stroke are
an advanced age, high-risk surgery, a history of cerebro-
vascular disease, peripheral vascular disease, and chronic
obstructive pulmonary disease [1]. Minor predictors are
hypertension, atrial fibrillation, coronary or valvular heart
disease, and congestive heart failure. Strong predisposing
factors for postoperative stroke are prolonged hypotension,
dehydration, hypoxemia, and prolonged ventilation.

Table 2 summarizes the odds ratios noted in previous
reports concerning the risk factors of age, female sex, high-
risk surgery, metabolic diseases, cardiac diseases, and
cancer [7, 10, 14]. Since the number of surgery patients
who have the risk factors associated with ischemic stroke
has been increasing, the incidence of perioperative ische-
mic stroke is also projected to increase [14].

Table 2 Odds ratios of risk factors for perioperative ischemic stroke
reported in the literature

Risk factors Odds ratio

Age (years)

18-64 1 as reference
65-74 2.7 [7], 5.5 [10]
75-84 4.1 [7], 10.9 [10]
>85 6.1 [7], 14.6 [10]
Female 1.2 [7]
High-risk surgery 1.5 [10]

History of ischemic stroke 1.6 [7], 2.4 [14]
Metabolic diseases

Diabetes mellitus 1.2 [7], 2.2 [10]

Hyperuricemia 3.5 [14]
Renal disease 3.0 [7]

Cardiac diseases
Atrial fibrillation 2.0 [7], 5.5 [10]
Ischemic heart disease 2.3 [10]
Congestive heart failure 1.4 [7], 1.7 [10]
Valvular disease 1.5 [7]

Cancer 1.6 [14]

Pathophysiology: hypercoagulability

Anesthesia and surgery increase the risk of ischemic stroke
by fourfold [12]. The mechanisms of perioperative ische-
mic stroke are cerebral atherothrombosis and embolism
due to atherosclerosis; lacuna stroke; cardiac thrombi due
to atrial fibrillation; and hypotension.

Perioperative systemic hypercoagulability also contrib-
utes to ischemic stroke. Surgery presents the opportunity
for perioperative hemodynamic disturbance, bed rest, and a
state described in the cell-based model of vascular throm-
bosis [15]. This state is characterized by hypercoagulabil-
ity; reduced fibrinolysis; thrombin generation promoted by
inflammatory cytokines and tissue factor; and thrombosis
resulting from activated neutrophils and platelets adhering
to activated endothelial cells [16—18]. All perioperative
thromboembolic events such as myocardial infarction, vein
thromboembolism, and ischemic stroke appear to share a
common pathophysiology as a syndrome [19].

Hoffman and Monroe [15] proposed a cell-based model of
blood coagulation (Fig. 4). In this model, tissue factor and
factor VIla initially activate tissue factor-bearing cells.
These cells activate the conversion of prothrombin to
thrombin (Initiation). The thrombin activates platelets; the
platelet activation amplifies, thereby activating more plate-
lets and generating more thrombin (Amplification). The
thrombin propagates the activation of platelets, which gene-
rates more thrombin (Propagation). This cell-based model
clearly explains the upregulation of coagulability under the
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generation of tissue factor and thrombin. Figure 5 illustrates
the mechanism of arterial thrombosis formation by the tissue
factor-bearing cells (Fig. 5) [20]. In the artery, tissue factor-
bearing cells activate cytokines and thrombins on the surface
of the injured and dysfunctional endothelium, thereby lead-
ing to platelet activation and vasoconstriction. These
inflammatory responses and platelet activation are gradually
amplified and propagated to cause arterial thrombosis.

Initiation

Propagation

I\pmthmmbin thrombin

L vWF/VIIIa

prothrombin

platelet

Amphﬁcahon activated platelet

Fig. 4 Tissue factor (TF) and factor VIla (VIla) initially activate
tissue factor-bearing cells, and these cells activate the conversion of
prothrombin to thrombin (Initiation). The thrombin activates platelets;
the platelet activation amplifies, thereby activating more platelets and
generating more thrombin (Amplification). The thrombin propagates
the activation of platelets, which generates more thrombin (Propaga-
tion). vVWF, von Willebrand factor. From Hoffman and Monroe [15],
with permission

In Fig. 6, we illustrate a conceptualization of how the
timing of perioperative ischemic stroke may be related to
the time course of perioperative inflammatory and hyper-
coagulable responses. The perioperative inflammatory
response and hypercoagulable responses peak following
surgery, while the incidence of ischemic stroke declines
linearly. Pre-existing risk factors shift the incidence
regression curve upward. The speculated responses of
C-reactive protein and tissue factor-bearing cells following
surgery are shown as a dotted line in this figure. These
inflammatory and hypercoagulable responses have impor-
tant roles for the development of perioperative ischemic
stroke (Fig. 6).

Perioperative considerations

Recognition of the incidence, risks, and pathophysiology
are necessary for informed consent, patient counseling, and
surgical treatment decisions; and for identifying high-risk
patients for prophylactic antithromboembolic treatment
and identifying the critical postoperative period. In high-
risk patients, preoperative consultations are necessary for
assessing their past history, preoperative comorbidities,
systemic atherosclerosis (especially in the cerebral and
carotid arteries), performing echocardiography, controlling
atrial fibrillation, and determining the risk—benefit balance
in preoperatively discontinuing antiplatelet and anticoag-
ulant agents.

Atherosclerosis and the mechanisms of arterial thrombosis

Mechanisms . | L |

1. Inflammatory response Platelets Activated Platelets 3. Platelets activation

2. Endothelial injury, dysfunction ‘
T imulati

3. Platelets activation Stimulation

4. Vascular constriction

1. Inflammatory response |

Tissue factor - bearing cells
Activated monocytes
and leucocytes

TNF-a

Fig. 5 The mechanism of arterial thrombosis formation by tissue
factor-bearing cells. TNF-o, tumor necrosis factor alpha; ADP,
adenosine diphosphate; TAF-I, thrombin activatable fibrinolysis
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Fig. 6 A conceptualization of how the timing of perioperative
ischemic stroke may be related to the time course of perioperative
inflammatory and hypercoagulable responses

The 2009 Japanese guidelines for the management of
stroke recommend using the appropriate infusion to avoid
dehydration and discontinuing the following antiplatelet
agents prior to general surgery: aspirin (7 days prior);
clopidogrel (14 days prior); ticlopidine (10-14 days prior);
and cilostazol (3 days prior) and recommend hepariniza-
tion should be appropriately considered in the patients who
are at high risk for thrombosis and embolism while anti-
coagulants are discontinued [21]. The guidelines for the
perioperative management of antiplatelet therapy published
in Chest in 2008 suggest that for patients undergoing a
major surgical or invasive procedure, if the intent is to
eliminate any effect of antithrombotic therapy, such ther-
apy should be stopped at a time before the procedure (e.g.,
7-10 days in patients receiving aspirin and clopidogrel)
such that there will be minimal or no residual antithrom-
botic effect at time of the procedure and in doing so will
minimize the risk for intraprocedural bleeding [22]. How-
ever, it should be noted that the withdrawal of antiplatelet
therapy is a risk factor for ischemic stroke [23], and in
some instances, when bleeding risks are acceptable, con-
tinuation of antiplatelet therapy may be warranted [24].
Further, the American College of Chest Physicians evi-
dence-based clinical practice guidelines (8th edition),
published in Chest in 2008, suggest that, in patients who
are at high risk for cardiac events, consideration be given to
continuation of aspirin in the perioperative period [22].
Whether this recommendation should be applied to patients
at high risk for stroke, and aspirin continued in the peri-
operative period, is a question that merits investigation, and
balancing thromboembolic risk and bleeding risk could be
warranted.

Perioperative hypotension and dehydration should be
avoided. The early neurological symptoms of ischemic
stroke (e.g., hemiplegia and aphasia) should be carefully
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Fig. 7 Dissociation in brain regional oxygen saturation after the
induction of general anesthesia in patients under 70 and in patients
over 70 years old. Modified from Iwamoto et al. [27] with permission

noted following recovery from general and/or regional
anesthesia. Variation in the risks of cerebrovascular acci-
dent obtained by an anesthetic technique is controversial
[25, 26]. Epidural and/or lumbar spinal subarachnoid
anesthesia is less likely than general anesthesia to result in
perioperative complications [26]. However, patients who
receive antiplatelet and anticoagulant drugs have a risk of
developing an epidural hematoma when undergoing epi-
dural and spinal subdural arachnoid anesthesia. In patients
who should receive or restart antithrombotic drugs after
surgery, intravenous patient-controlled analgesia (i.v.
PCA) provides a safe approach for perioperative analgesia.
Regional neural block techniques also provide an alterna-
tive method for perioperative analgesia.

In elderly patients, the cerebral vascular function that
maintains brain regional oxygen saturation may deteriorate
under general anesthesia. As illustrated in Fig. 7, when
arterial blood pressure was appropriately maintained, we
observed a dissociation in the brain regional oxygen satu-
ration after the induction of general anesthesia in patients
under 70 and in patients over 70 years old (Fig. 7) [27]. In
patients under 70 years old, the brain regional oxygen
saturation was maintained above the baseline before the
induction of general anesthesia and during the following
60 min after anesthetic induction, whereas brain regional
oxygen saturation significantly deteriorated by approxi-
mately 5% from the baseline after anesthetic induction in
patients over 70 years old. Administration of more than
60% oxygen increased brain regional oxygen saturation in
the elderly patient group, to almost the same extent as in
the younger patient group, but the increase was not com-
plete [28]. In elderly patients, peripheral cerebral vascular
circulation might be decreased. The extent to which this
predisposes to watershed infarct, or other stroke types,
remains to be determined.
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In mechanically ventilated patients, sedatives and narcotics
will make neurological assessment difficult after surgery and
mask the occurrence of postoperative ischemic stroke.
Dexmedetomidine—an alpha IT agonist that reduces delirium,
hypertension, and tachycardia—provides better sedation than
the benzodiazepines (e.g., midazolam) [29, 30], and may help
in neurological assessment in patients under sedation.

Perspectives

Our understanding of the prophylaxis, monitoring, and
prevention of perioperative ischemic stroke continues to
evolve for non-cardiovascular surgery patients. Ischemic
stroke in high-risk patients is relatively common and
mortality is high. Further research is needed to better
understand how to prevent this devastating complication.
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