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Abstract
Purpose of Review Neurological complications are common during cardiac procedures. The type of procedure influences the
profile of neurological complications and their management. In this article, we review the different neurological complications
encountered following cardiac procedures, and treatment strategies for managing those complications.
Recent Findings Recent clinical trials have expanded the time window of eligibility for mechanical thrombectomy and intrave-
nous thrombolysis. As a result, more options are now available for the treatment of periprocedural strokes.
Summary Early recognition of neurological complications, particularly stroke, will allow more patients to be treated effectively.
The expanded window for intravenous thrombolysis and mechanical thrombectomy using advanced neuroimaging for selection
provides more opportunities for treatment of periprocedural stroke. There is a paucity of data on the management of cerebro-
vascular complications, such as ischemic and hemorrhagic strokes, in the setting of left ventricular assist device or mechanical
valve.

Keywords Cardiac procedure . Acute ischemic stroke . Intracranial hemorrhage . Nerve injury . Contrast neurotoxicity . Valve
replacement . Coronary artery bypass grafting . Percutaneous coronary intervention . Left ventricular assist device

Introduction

Neurological complications following cardiac procedures sig-
nificantly increase the morbidity and mortality. These compli-
cations range in severity from asymptomatic changes found
incidentally on imaging to significantly disabling complica-
tions and death (Table 1). Neurological complications of car-
diac procedures can involve both the central and peripheral
nervous systems. It has been estimated that 6–28% of patients
experience neurological complications following coronary
bypass surgery [1]. The risk for neurological adverse events
varies depending on the procedure itself and the premorbid

condition. It is important to readily recognize those complica-
tions and provide appropriate management in a timelymanner.
The management of the same complication might differ fol-
lowing different procedures; for example, intravenous tissue
plasminogen activator (IV-tPA) is likely contraindicated after
a major heart surgery but may not be contraindicated follow-
ing percutaneous coronary intervention (PCI). Mechanical
thrombectomy, however, is not contraindicated after major
surgeries.

In this article, we review the possible neurological compli-
cations following different cardiac procedure.We discuss their
frequency, prevention, diagnosis, and treatment. These com-
plications are summarized in (Table 2).

Acute Ischemic Stroke

Coronary Revascularization Procedures

Acute ischemic stroke is a known complication and a major
cause of morbidity and mortality following cardiac revascu-
larization procedures. Coronary artery bypass grafting
(CABG) has higher rates of stroke (1–5%) in the short-term
perioperative period compared to PCI (< 1%) [2–4]. However,
PCI has higher rates of repeat revascularization which
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increases the long-term risk for stroke [2, 5•]. Stroke could
either be embolic because of dislodging clots during vascular
manipulations, or result from hypotension and hypoperfusion
during the procedure.

Several factors are known to increase the risk for stroke
following CABG: the complexity of the procedure itself,

manipulation of the aorta, on-pump CABG, and perioperative
onset of atrial fibrillation [3, 6]. Patient’s premorbid factors
can also increase the risk for stroke after CABG including
older age, prior cardiac surgery, history of a prior stroke, poor
ejection fraction, known carotid stenosis, and known periph-
eral vascular disease [3].

Table 2 Common neurological complications associated with each cardiac procedure and their management

Procedure Complications Management

Cardiac catheterization Contrast-induced neurotoxicity Supportive care

Ischemic stroke IV-tPA mechanical thrombectomy

ICH SBP < 140
Supportive care
Surgical evacuation

Lubosacral plexus and femoral nerve injury
(femoral approach)

Supportive care

Radial nerve injury (radial approach) Supportive care

Arterial line placement Radial nerve injury Supportive care

CABG Ischemic stroke The benefit of IV-tPA should be weighed against the
risk for bleeding into the surgical site

Evaluate for mechanical thrombectomy

ICH SBP < 140

RLN injury Supportive for unilateral. May need respiratory support if
bilateral

Valve replacement (TAVR and
SAVR)

Early ischemic stroke Discuss eligibility for IV-tPAwith surgeon. Evaluate
for mechanical thrombectomy

ICH due to anticoagulation and antiplatelet use SBP < 140
Considered reversing anticoagulation in the acute settings.

The duration of anticoagulation withholding is decided
on case by case basis, usually between 3 days and 10 weeks

LVAD Ischemic stroke Continue anticoagulation

ICH SBP < 140
Considered reversing anticoagulation in the acute settings.

The duration of anticoagulation withholding is decided on
case by case basis

Aortic aneurysm repair Spinal cord ischemia Consider CSF drain for prevention

Coarctation of aorta repair Spinal cord ischemia Consider CSF drain for prevention

Cardioversion Dislodging a clot from the atrium Evaluate for IV-tPA and mechanical thrombectomy

Recurrence of atrial fibrillation

TEE Ischemic stroke Evaluate for IV-tPA and mechanical thrombectomy

RLN injury Supportive for unilateral. May need respiratory support if bilateral

ICH intracerebral hemorrhage

Table 1 Neurological
complications associated with
cardiac procedure organized by
system

Central nervous system Peripheral nervous system injuries

Ischemic stroke, embolic, or hypoperfusion Lumbosacral plexus

Hemorrhagic stroke Femoral nerve

Spinal cord ischemia Laryngeal nerve

Contrast-induced toxicity Radial nerve

Transient cortical blindness Ulnar nerve

Cognitive decline and dementia (controversial) Median nerve
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The risk for stroke following PCI is also affected by the
complexity of the cardiac lesion and procedural aspects (such
as guidewire caliber, multiple catheter exchanges, and the use
of intra-aortic balloon pump). The risk for stroke is also higher
in patients who are hemodynamically unstable or have higher
pre-procedural stroke risk factors [3].

Aspirin and clopidogrel treatment prior to the procedure
lowers the risk for periprocedural stroke [7, 8]. Several peri-
operative neuroprotection techniques have been tried includ-
ing mild hypothermia, embolic protection devices, cerebral
ischemic preconditioning, erythropoietin administration, and
intraoperative transesophageal echocardiogram (TEE) to iden-
tify aortic atheroma, the results of which have been controver-
sial and require further investigation.

Valvular Procedures

Periprocedural ischemic stroke is a known complication fol-
lowing valve replacement procedures. The risk varies based
on the procedure and type of valve chosen. Radiological sub-
clinical strokes have been detected in most patients following
transcatheter aortic valve replacement (TAVR) [9]. The
overall incidence of symptomatic ischemic stroke or TIA at
30 days following TAVR procedure is 3.3% ± 1.8% [10].
Endovascular manipulations such as performing balloon aor-
tic valvuloplasty, crossing a severely calcified aortic valve,
position of the rigid device across the native valve, and de-
ployment of the prosthetic valve further increase the risk for
stroke [11]. However, a large meta-analysis showed no signif-
icant difference in 30-day risk for stroke between the SAPIEN
valve 3% and the CoreValve 2.4% [12]. There was no differ-
ence in stroke incidence between transfemoral and transapical
approaches [12]. Higher incidence of embolic strokes has
been reported with TAVR procedure compared to surgical
and non-operative control groups [13]. Ischemic stroke rates
are higher in the acute periprocedural phase and subside there-
after. Procedural factors explain very early strokes presenting
within 24 h, whereas arrhythmias explain the rest of the stroke
during the acute phase [14].

Several embolic protection devices have been used during
TAVR procedures. Many of those devices have proven safe in
clinical trials [15]. A meta-analysis showed that embolic pro-
tection devices were associated with smaller volume of silent
strokes but did not reduce the number of clinical events or
mortality [15].

Following TAVR, dual antiplatelet therapy with aspirin and
clopidogrel for 3–6 months is currently used for ischemic
stroke prevention [11, 16]. However, one meta-analysis
showed that dual antiplatelet therapy was not associated with
lower 30-day stroke rates and resulted in higher rates of bleed-
ing (17% vs 7%, P = 0.0006) compared to single antiplatelet
therapy [17].

Surgical valve replacement has been associated with 1.5%
risk for stroke. A prospective study reported up to 17% inci-
dence of stroke detected by a neurologist following surgical
aortic valve replacement [18]. Risk factors associated with
higher rates of ischemic stroke included older age, prior
strokes, emergent (non-elective) surgery, high blood transfu-
sion requirements, longer cardiopulmonary bypass times, and
the use of hemofiltration [19].

Ischemic stroke prevention following surgical valve replace-
ment depends on the valve type (Fig. 1). Anticoagulation with
warfarin for the first 3 months followed by aspirin thereaf-
ter is recommended following bioprosthetic valve surgical
replacement [16]. Mechanical valves are more durable and
used for patients with long life expectancy; however, they
are thrombogenic and require lifelong anticoagulation ther-
apy. Warfarin therapy decreases the rates of thromboem-
bolic events to 1 per 100 patient-years [20]. Current guide-
lines recommend a target INR of 2.5 in addition to aspirin
for aortic mechanical valves with no additional thrombo-
embolic risk factors. Mitral valve requires an INR goal of 3
in addition to aspirin [16]. Several factors affect the risk for
stroke following mechanical valve placement including
valve design, valve location, association with atrial fibril-
lation, cardiac ejection fraction, age, left atrial diameter,
and associated mitral stenosis [20].

Cardioversion

Cardioversion is sometimes used for converting atrial fibrilla-
tion into sinus rhythm. The risk for periprocedural cardioem-
bolic events has been reported to be as high as 7%
without using anticoagulation and 0.8% with the use of
anticoagulation prior to the procedure [21]. The risk for recur-
rent Afib after initial cardioversion is about 32% [22]. Several
mechanisms have been described for ischemic stroke follow-
ing cardioversion including preexisting left atrial thrombus
dislodgement, activation of inflammatory responses, and the
presence of structural abnormalities in the atrium [23].
Transesophageal echocardiography (TEE) can be used to rule
out preexisting left atrial thrombus but is not routinely used
unless cardioversion is needed urgently without adequate
anticoagulation. TEE itself can rarely dislodge a clot and
cause acute ischemic stroke [24].

LVAD

Ischemic stroke is the most serious complication of left ven-
tricular assist device (LVAD) and a major contributor to mor-
bidity and mortality. Continuous flow devices are currently
the most common ventricular assist devices used in the USA
[25]. The risk for ischemic stroke following LVAD placement
ranges from 6 to 18% [25, 26]. The thrombogenicity of
LVAD may be related to the artificial surfaces and the
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higher blood shear forces inside LVADs, which could lead to
the activation of the coagulation and fibrinolytic systems [27].
Anticoagulation is typically used to prevent LVAD thrombosis
and to decrease the risk for ischemic stroke.

Management of an ischemic stroke occurring in the setting
of LVAD is challenging. Despite the increased risk for hem-
orrhagic transformation, anticoagulation is commonly contin-
ued in the acute stroke period to prevent further LVAD throm-
bosis and embolization.

Management of Acute Ischemic Stroke Following Cardiac
Procedures

After stabilizing the patient, the first step in managing acute
ischemic stroke is determining the last known well time.
Intravenous thrombolysis is recommended within 4.5 h from
last known well. Often, symptoms are discovered after the
procedure when the anesthesia effect subsides. For those pa-
tients, last known well time is the time of the anesthesia in-
duction. Unfortunately, many of these patients will be outside
the treatment window for standard IV-tPA treatment.

These patients might still benefit from advanced neuroim-
aging to determine eligibility for IV-tPA. Recent clinical trial
investigated the use of IV-tPA guided by a mismatch between
diffusion-weighted imaging and FLAIR in the region of ische-
mia in patients with unclear last known well. It showed better
functional outcomes with IV-tPA despite a relative increase in
intracranial hemorrhages than placebo [28••].

CABG is a major surgical procedure and typically consid-
ered a contraindication for IV-tPA due to the concern for
bleeding into the surgical site. The risk for bleeding into the
surgical site should be weighed against the severity of the
stroke and the potential for disability. We recommend estimat-
ing the risk for bleeding for every individual patient with the
surgeon who performed the procedure. Recent MI (including
STEMI and NSTEMI) is a relative contraindication for IV-tPA
[29]. Periprocedural anticoagulation is considered a contrain-
dication for IV-tPA [29]. On the other hand, mechanical
thrombectomy is not contraindicated after cardiac surgery
and is an option in case of a large vessel occlusion.

Patients with mechanical valves are often on warfarin.
INR > 1.7 remains an absolute contraindication for IV-tPA
[29]. We do not recommend reversing the INR in the setting
of ischemic stroke to qualify for IV-tPA. Dual antiplatelet use,
however, is not a contraindication for IV-tPA.

Even though many of post-cardiac procedure patients may
not be eligible for IV-tPA due to presenting outside the treat-
ment window or the presence of the contraindications de-
scribed above, some of them can be eligible for mechanical
thrombectomy. Patients with suspected large vessel occlusion
strokes should be evaluated for mechanical thrombectomy.
The timewindow for thrombectomy has been recently extend-
ed to 24 h for patients who meet certain clinical and radio-
graphic criteria [30••, 31••].

Hemorrhagic Stroke

The risk for intracranial hemorrhage (ICH) following CABG
is lower (< 0.5%) than the risk for ischemic stroke. The ICH
could be related to the periprocedural use of heparin [32].
Renal dysfunction can further increase the risk for ICH fol-
lowing CABG [32].

Valvular replacement procedures are associated with in-
creased risk for thromboembolism. Patients are placed on dual
antiplatelet therapy for 3–6 months following TAVR or on
anticoagulation following surgical replacement. Mechanical
valve placement requires lifelong anticoagulation. While the
risk for ischemic events is higher in the acute phase following
the valve replacement, the risk for hemorrhagic events in-
creases in the late phase following valve replacement and is
related to anticoagulation and antiplatelet therapy. Dual anti-
platelet therapy for bioprosthetic valves provides better pre-
vention of ischemic events compared with single antiplatelet
therapy but is associated with higher risk for ICH.
Anticoagulation for mechanical valves increases the risk for
hemorrhagic strokes; this risk is increased with higher INR
goal [33]. Figure 1 summarizes the recommendations for
thromboembolic prevention following valvular procedures.

Continuous anticoagulation is needed for LVAD patients to
help prevent device thrombosis. Besides, acquired von

Fig. 1 Guidelines for
antithrombotic management for
ischemic stroke prevention
following valve replacement
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Willebrand disease has been associated with LVAD which
further increases the risk for ICH [34]. As a result, 8–11% of
patients with LVAD suffer from ICH [35]. Highmortality rates
(> 50%) have been reported in patients who developed ICH in
the setting of LVAD.

Management of ICH in the Setting of Mechanical Valves
or LVAD

Management of this neurological emergency starts with stabi-
lizing the patient, including securing the airway which may
require endotracheal intubation in cases with severely de-
creased level of consciousness. The systolic blood pressure
should be maintained below 140 mmHg in the acute phase
following the hemorrhage [36]. A CTscan of the brain should
be obtained as soon as possible, and a hemorrhage severity
score (ICH score) should be performed as a part of the initial
evaluation [36]. Consider obtaining contrast-enhanced imag-
ing if underlying vascular malformation is suspected and to
evaluate for sign of active bleeding (the spot sign) [36].
Consider repeating non-contrasted CT scan in 6 h to evaluate
for hemorrhage expansion. It is unlikely for an ICH to cause a
drop in the hemoglobin so that occurrence should trigger in-
vestigation into a second source of bleeding.

Management of the anticoagulation could be challenging.
In the absence of clinical trials, the decision regarding
anticoagulation reversal and/or timing for restarting
anticoagulation should be determined on a case-by-case basis
depending on the severity of the hemorrhage and the risk for
device thrombosis.

In general, rapid reversal of INR to < 1.4 is recommended
in the acute setting of warfarin-related hemorrhage [36, 37].
Achieving adequate reversal of INR within 4 h of admission
was associated with lower rates of hematoma expansion [37].

The optimal time for resumption of anticoagulation is un-
certain and depends on the estimated risk for thromboembo-
lism. Restarting anticoagulation within 2–10 weeks following
the initial ICH was associated with increased risk for hemor-
rhage expansion [36, 38, 39]. However, this risk for ICH
should be weighed against the risk for thromboembolism
and mechanical valve thrombosis. The European Society of
Cardiology Working Group on Thrombosis suggested in
their consensus statement that heparin may be safely restarted
3 days following ICH and switched to warfarin on day 7 [40].
This recommendation was based on observational studies. In a
pooled analysis of 2504 patients, the risk for hemorrhage sig-
nificantly outweighed the benefit when anticoagulation was
started within the first 6 days following ICH; as a result, au-
thors recommended against starting anticoagulation during
that period [39].

Limited data is available to guide anticoagulation manage-
ment following ICH in the setting of LVAD. Patients often
undergo reversal of anticoagulation in the acute settings with

data from case series showing no increase in the thrombotic
events [41, 42]. In two case series studies, patients with small-
er ICH were successfully managed without reversal (mean
ICH volume 0.4 cc and 19 cc) [41, 42].

An observational study of 36 patients recommended with-
holding anticoagulation for 10 days following ICH in the set-
ting of LVAD [43]. In our practice, we assess the risks and
benefits of reversing and withholding anticoagulation follow-
ing ICH in the setting of LVAD on a case-by-case basis by
factoring the size of the hemorrhage, location, and the severity
of the clinical symptoms.

Spinal Cord Ischemia

Spinal cord infarction is a known complication of aortic an-
eurysm and coarctation of aorta repair surgeries. Spinal cord
ischemia occurs in 0.2% of cases undergoing endovascular
abdominal aortic aneurysmal repair (EVAR) [44].

The symptoms depend on the affected spinal vascular ter-
ritory. The most common territory involved is the anterior
spinal artery. The onset is sudden or rapidly progressive over
minutes or hours, and can include radicular acute pain from
ischemia in the nerve roots.Most commonly, patients wake up
from anesthesia with established symptoms of bilateral paral-
ysis, bowel and bladder dysfunction, loss of temperature, and
pain sensation with preserved vibration sensation. Sometimes,
only part of those symptoms is present. Technical difficulties
during the EVAR procedure itself have been associated with
higher risk for spinal cord ischemia [44]. A CSF drainage
device and steroids have been suggested for the prevention
of spinal cord ischemia [44, 45]. Intraoperative somatosensory
evoked potential (SSEP) monitoring is also used to detect cord
ischemia early during the surgery [46].

Cognitive Decline and Dementia

The risk for cognitive decline following CABG procedure
remains controversial. In one study, 41% of patients had worse
performance on their neuropsychological testing 5 years after
CABG compared to their performance at baseline [47]. It was
suspected that the use of cardiopulmonary bypass was the
cause of the cognitive decline and was sometimes referred to
as “pump-head.” However, subsequent studies have not repli-
cated those findings and found similar degrees of cognitive
declines in patients who underwent CABG when compared to
patient who had medical management [48]. Furthermore, cog-
nitive decline rates have been similar in patients after on-pump
CABG and those after off-pump surgeries [49, 50]. It appears
that the risk for cognitive decline following CABG is closely
related to the cardiac disease itself rather than the surgery.
Many candidates for CABG were found to have cerebral in-
farction on MRI prior to any surgeries which might be
related to the subsequent cognitive decline [51]. Thus,
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cerebrovascular risk modification may play and important role
in minimizing the risk for cognitive decline following cardiac
procedures. Multiple studies failed to show any benefit for
using hypothermia to prevent cognitive decline during the
cardiac surgery [52, 53].

Interestingly, valve replacement procedures such as TAVR
have shown preservation or improvement in the cognitive
function [54, 55].

Contrast-Induced Neurotoxicity

Contrast-induced neurotoxicity (CIN) is a rare complication
associated with the use of iodine contrast for cardiac catheter-
ization. This complication is less common than ischemic and
hemorrhagic strokes, with the reported incidence of 1–2% of
all patients [56–58]. The pathophysiology is not completely
understood but is thought to be related to blood-brain barrier
disruption, increased permeability, and cerebral autoregula-
tion dysfunction [56].

Clinical presentation is variable including headache, sei-
zures, diplopia, encephalopathy, and rarely coma. Transient
cortical blindness is a unique presentation and is separately
described below. In most patients, symptoms completely re-
solve within days [56].

Imaging studies are mainly obtained to rule out more com-
mon causes of symptoms such as ischemic and hemorrhagic
strokes. Initial MRI and CT are commonly unremarkable but
can reveal contrast leak in the cortex or the subarachnoid
space, and cerebral edema especially in the vertebrobasilar
territory which is more prone to disturbances of autoregulation
[56].

Renal failure and hypertension have been associated with
contrast-induced neurotoxicity [56, 59]. There has been no
clear association with the amount of contrast used, rate of
infusion, or duration of the endovascular procedure [56, 59].
Management includes hypertension control and close moni-
toring. Some authors reported using corticosteroids, hydra-
tion, mannitol, and antiplatelet therapy without adverse events
[56, 59].

Transient Cortical Blindness

Reported in 0.01–1.0% of patients following cardiac and non-
cardiac endovascular procedures [60], the pathophysiology is
thought to be similar to that of contrast-induced encephalop-
athy (described above) [60, 61]. The blindness is self-limiting
and resolves spontaneously in hours or days; thus, diagnosis
of transient cortical blindness can only be made retrospective-
ly after the resolution of the blindness. Examination reveals
bilateral vision loss with intact retinal examination and intact
pupillary light reflex. It is crucial to exclude ischemic and
hemorrhagic cerebral complications, as these have different
management. MRI and CT imaging can reveal bilateral edema

especially in the posterior circulation territories and contrast in
the cerebral parenchyma or the subarachnoid space [60].

Peripheral Nerve Injury

Radial Nerve Injury

This is a rare complication and could result from arterial line
placement for blood pressure monitoring or transradial ap-
proach catheterization. This complication could result from
either direct nerve injury, pressure from a hematoma, or com-
partment syndrome [62, 63].

Median Nerve Injury

Median nerve could be injured in the antecubital fossa follow-
ing brachial artery catheterization by direct nerve injury or due
to compression by a hematoma.

Patient with history of carpal tunnel syndrome could have
worsening of symptoms following arterial line placement,
whereas developing de novo symptoms of carpal tunnel syn-
drome is very rare following line placement [64].

Lumbosacral Plexus and Femoral Nerve Injuries

These injuries are associated with procedures that use femoral
access for cardiac, cerebrovascular, and peripheral vascular
procedures. The risk of femoral neuropathy following
transfemoral access is very low 4–200 in 100,000 patients
[65, 66]. Sensory deficits are more common than motor defi-
cits [66].

The presenting symptoms will vary depending on the
nerves involved. The femoral nerve (weakness of quadri-
ceps and psoas) is most commonly injured, but other
nerves could be involved including lateral femoral cutane-
ous (numbness in the lateral thigh) and obturator (weak-
ness in thigh adductors).

The most common mechanism of injury is due to pres-
sure from a retroperitoneal hematoma. Retroperitoneal he-
matomas have been reported in 0.5% of patients undergo-
ing femoral artery catheterization [67]. Several risk factors
have been associated with higher rates of hematoma fol-
lowing femoral puncture: multiple procedures, large-
caliber vascular sheaths, high femoral puncture, low body
surface area, obesity, advanced age, peripheral vascular
disease, chronic renal insufficiency, thrombocytopenia,
and excessive anticoagulation [67].

Less commonly, the formation of femoral artery
pseudoaneurysm can also result in pressure on the nearby
femoral nerve. Digital pressure application can also cause di-
rect injury to the femoral nerve.

Diagnosis of this condition requires high level of sus-
picion. Clinical presentation may include pelvic or thigh
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pain, declining hemoglobin and hematocrit values, tachy-
cardia, and arterial hypotension. If hematoma is
suspected, abdominal and pelvic imaging should be ob-
tained to visualize the hematoma. There is no role for
EMG in the acute settings but could be helpful if symp-
toms persisted.

Treatment remains controversial. Conservative manage-
ment has been used for mild cases of femoral nerve compres-
sion. Acute and severe compression may warrant surgical
decompression.

RLN Injury

Recurrent laryngeal nerve (RLN) injury is a known complica-
tion of cardiac surgeries (including CABG) with incidence
rate of 1% [68]. The injury may result from surgical dissec-
tion, topical ice slush, or during traction [68]. This complica-
tion has also been reported following a TEE.

Anatomically, the left RLN is longer and more prone to
injury. It arises from the vagus at aortic arch in the thorax.
Conversely, the right RLN arises from the vagus at the
subclavian artery. Both RLNs ascend on the sides of the
esophagus. Unilateral injury is more common. Although
bilateral injuries are rare, they can be life threatening.
Bilateral RLN injury can cause respiratory compromise
and may occur following bilateral internal thoracic artery
harvesting [68].

Conclusions

Neurological complications following cardiac procedures
are common. They can involve the central and peripheral
nervous systems. They significantly increase morbidity,
mortality, and length of stay. Ischemic stroke is the
most common neurological complication following
cardiac procedures, and the management is challenging.
Standard intravenous thrombolysis may be contraindicated,
but imaging-guided thrombolysis and mechanical
thrombectomy might be options. The need and manage-
ment of anticoagulation in the setting of ischemic and hem-
orrhagic strokes can be problematic.
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