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ABSTRACT

Periprocedural medical management is an important aspect in optimizing the outcome of patients
who undergo endovascular treatment for acute ischemic stroke. Blood pressure, fluid hydration,
and antithrombotics are some of the elements that need to be tailored carefully to the patient
according to the patency of his or her cerebral vasculature, the extent of his or her infarct, and the
potential for hemorrhagic transformation. This article reviews the medical care of acute stroke
patients before and after endovascular therapy. Neurology® 2012;79 (Suppl 1):S182–S191

GLOSSARY
AHA � American Heart Association; ASPECTS � Alberta Stroke Program With Early CT Score; DWI � diffusion-weighted
imaging; ECASS � European Cooperative Acute Stroke Study; IA � intra-arterial; MCA � middle cerebral artery; MERCI �

Mechanical Embolus Removal in Cerebral Ischemia; MR � magnetic resonance; MR RESCUE � Mechanical Retrieval and
Recanalization of Stroke Clots Using Embolectomy study; NEST � Neurotherma Effectiveness and Safety Trial; NIHSS �

NIH Stroke Scale; NINDS � National Institute of Neurological Disorders and Stroke; PROACT � Prolyse in Acute Cerebral
Thromboembolism; tPA � tissue plasminogen activator.

Intra-arterial (IA) treatment of stroke has made important strides in advancing acute stroke therapy
in the past 2 decades. The Prolyse in Acute Cerebral Thromboembolism (PROACT) II trial was the
first study demonstrating benefit of IA urokinase in comparison with IV heparin in patients with
middle cerebral artery (MCA) occlusion presenting within 6 hours.1 The Interventional Manage-
ment of Stroke II trial showed that endovascular treatment improved outcome after acute stroke in
comparison with historical controls from the National Institute of Neurological Disorders and
Stroke (NINDS) trial of tissue plasminogen activator (tPA).2 Similarly, pooled data from the Me-
chanical Embolus Removal in Cerebral Ischemia (MERCI) and multi-MERCI registries suggested
that recanalization of a large-vessel occlusion is associated with improved outcomes.3,4 The Interven-
tional Management of Stroke III trial compared IV tPA to IV tPA bridging to endovascular therapy
in patients with acute stroke presenting within 3 hours.5 Trial enrollment was held in April 2012.
There were no serious safety concerns and further analysis is pending. The Mechanical Retrieval and
Recanalization of Stroke Clots Using Embolectomy (MR RESCUE) trial was recently completed,
comparing mechanical thrombectomy with best medical management in patients with ischemic
stroke and large-vessel occlusion presenting within 8 hours of onset of symptoms. The results of
these trials will be an important step forward in providing evidence that endovascular therapy
improves outcomes.

Despite the plethora of past and ongoing studies on IA stroke therapy, the literature on
periprocedural medical management for these patients is sparse. Attention to antithrombotic
management, blood pressure control, hydration, and neuroimaging state are important details
that can impact patient outcome. The purpose of this article is to provide an overview of major
aspects of the management of acute ischemic stroke before, during, and after endovascular
interventions. The evidence to support the periprocedural management of these cases is largely
based on a case series level of data. Although several of these topics are discussed elsewhere in
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this supplement, this article highlights patient
selection, neuroimaging, medical manage-
ment, and novel therapies that are currently
under investigation.

PREPROCEDURAL MANAGEMENT Proper selec-
tion and rapid triage of patients with acute stroke as
candidates for IA treatment is important in order to
salvage as much at-risk brain as possible. Delays in pa-
tient presentation or transfer from a referring hospital
may be a contributing factor to the ineligibility of stroke
patients for endovascular stroke treatment. In one
study, every minute of delay in patient transfer de-
creased the chances of being treated with IA therapy by
2.5%.6 In patients who are being referred to an endo-
vascular center, pretransfer notification of the stroke,
neuroradiology, and neuroangiography teams of a can-
didate for intervention may reduce vital minutes from
door to needle and reperfusion time. A medical record
number could be created ahead of time and the patient
could be registered prior to arrival. Obtaining the pa-
tient’s medical history, family contact, laboratory values
(creatinine, coagulation parameters, complete blood cell
count, EKG), and CT scan results in advance can help
prepare and triage management at the recipient institu-
tion. The neurologic evaluation should begin rap-
idly at arrival, while the patient’s airway,
breathing, and circulation are being evaluated in
the emergency department.

The vascular neurologist’s evaluation is important
for deciding whether or not to attempt endovascular
therapy in a patient with an acute ischemic stroke. A
brief history and physical examination establish the
time of symptom onset, probable location of the
ischemic insult, and severity of the stroke. An NIH
Stroke Scale (NIHSS) score provides an estimate of
the stroke severity and probability of large-vessel
occlusion.7 A higher NIHSS score is more likely to
correlate with the presence of a proximal vessel occlu-
sion.7,8 The goal of the evaluation is to select patients
with small volumes of core infarction, large areas of
brain at risk for infarction, and significant clinical
deficits. Efficient selection of patients for endovascu-
lar therapy may be a moving target because the neu-
rologic examination findings may fluctuate greatly.
The stroke and neuroangiography teams should be
ready to adapt accordingly.

Blood pressure management. Augmentation of cere-
bral blood flow is important in the management of
acute ischemic stroke patients to increase perfusion to
the area of ischemia and to recruit collateral flow. This
can be achieved by withholding antihypertensive treat-
ment prior to the procedure, allowing the patient’s
blood pressure to rise spontaneously as part of the phys-

iologic response to stroke. If a patient is a candidate for
IV tPA, the goal is also for permissive hypertension, but
not to exceed 185/105 mm Hg, because this increases
the risk of hemorrhagic conversion after tPA and ex-
cludes the patient’s candidacy for IV thrombolysis.9 In
patients who are not eligible for IV or IA tPA, the 2007
acute ischemic stroke American Heart Association
(AHA) guidelines recommend blood pressure should
not be lowered unless it is greater than 220/120.10

Lowering the head of the bed is another strategy that
may improve cerebral perfusion.11,12 In cases where a
patient’s clinical deficit worsens at a lower blood pres-
sure, administration of a vasopressor may be considered,
but it is not recommended for most stroke patients out-
side of the setting of clinical trials.10 A retrospective re-
view of patients who were given vasopressors for acute
stroke demonstrated that this practice may be safe and
was not associated with hemorrhagic conversion of the
infarct.13,14 However, after the first 24 to 48 hours from
onset of symptoms, the likelihood of benefit from in-
duced hypertension waned as the territory of the isch-
emic penumbra evolved into infarct. Gradual lowering
of blood pressure should be undertaken. If a vasopressor
agent is used in management of ischemic stroke,
careful monitoring is essential, as induced hyper-
tension may cause myocardial ischemia due to in-
creased afterload and myocardial demand, leading
to myocardial infarction. Continuous telemetry,
serial cardiac enzyme, and EKG monitoring
should be performed for the rare cases in which it
is necessary to induce hypertension.

Hydration. Proper hydration is important in acute
stroke patients, particularly those who are being con-
sidered for contrast studies such as CT angiography
or catheter angiography. If the patient’s blood pres-
sure is low or the patient appears hypovolemic, the
blood pressure can be increased with IV fluids. Hy-
potonic fluids should not be given as these may ag-
gravate cerebral edema. Fluids containing dextrose
should also be avoided unless the patient is hypogly-
cemic.10 Because catheters used during the procedure
are continuously flushed, the patient may receive a
higher amount of fluid during the embolectomy, de-
pending on the length of the procedure. The pa-
tient’s total fluids in and urine output should be
monitored during the procedure so that the net fluid
balance can be calculated. In patients with congestive
heart failure or a low ejection fraction, it may be
helpful to have a member of the anesthesia or neuro-
critical care team present to monitor the patient to
prevent pulmonary edema.

Antithrombotic therapy. Proper administration and
timing of antithrombotic agents also plays an impor-
tant role in the management of the patient with acute
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ischemic stroke. In a study of IV thrombolysis, the
combination of aspirin and clopidogrel at baseline
was associated with a significantly higher rate of
symptomatic intracranial hemorrhage.15 In patients
who have received tPA, antithrombotic and anti-
platelet agents should not be given for 24 hours after-
ward, by the NINDS study protocol, to mitigate the
risk of bleeding.9 After administration of IV or IA
tPA, antiplatelet therapy with aspirin (or aspirin/
dipyridamole, clopidogrel) can be given after a 24-
hour interval has elapsed. If the patient did not
receive any tPA but only underwent mechanical
thrombectomy, then an antiplatelet agent can be ad-
ministered earlier after CT or MRI confirms absence
of intracranial hemorrhage post-intervention.

Neuroimaging. Neuroimaging, including CT and
MRI with or without perfusion, is critical in providing
information to optimize medical management for the
patient and to select patients for endovascular therapy.
Information such as an estimate of the volume of in-
farct, the location of an occlusion, and the volume of
viable brain at risk for infarction due to decreased blood
flow is critical in orienting medical and endovascular
management. A limitation of using the advanced neu-
roimaging techniques is the time required to perform
the studies.16 It has been estimated that in a typical
large-vessel supratentorial infarct, 1.9 million neurons
and 12 kilometers of myelinated fibers are lost each
minute.17 Information about the ischemic penumbra
and volume of infarct should be determined as quickly
and efficiently as possible.

CT. A noncontrast head CT is invaluable in the triage
of patients to endovascular intervention. The study is
widely available, offers useful information quickly, and
rapidly excludes patients with intracranial hemorrhage.
Loss of gray–white differentiation, obscuration of the
lentiform nucleus,18 and loss of the insular ribbon19 are
early signs of ischemia on CT that may be used to esti-
mate the extent of infarction. A hyperdense MCA or
basilar artery on CT can be indicative of the presence of
thrombus in the appropriate clinical setting.20

An infarct greater than one-third of the MCA ter-
ritory on noncontrast head CT has been proposed as
a contraindication for endovascular intervention,
which was based on the risk of hemorrhagic transfor-
mation after IV tPA that was seen in patients with
large infarcts in the European Cooperative Acute
Stroke Study (ECASS) trial.21 The ECASS trial ran-
domized patients to 1.1 mg/kg of IV tPA or placebo.
Von Kummer et al.22 prospectively evaluated the pre-
treatment noncontrast head CTs of patients in both
arms of the trial and categorized them as having no
hypoattenuation, hypoattenuation in less than 1/3 of
the MCA territory, or hypoattenuation in greater

than 1/3 of the MCA territory. Patients with hy-
podensity in greater than 1/3 of the MCA territory
experienced no beneficial effect of IV tPA and had an
increased risk of fatal brain hemorrhage. Patients
with infarct in less than 1/3 of the MCA territory
experienced benefit from IV tPA and had a decreased
risk of hemorrhagic conversion of the infarct. Ideally,
CT studies should take place within 1 hour of the
endovascular intervention to maximize the chances
of detecting an area of infarction and the presence of
hemorrhagic transformation prior to endovascular
intervention.16

Use of ASPECTS. Visual estimation of the size of the
infarct can be difficult to ascertain and reproduce
consistently. A more reliable method of identifying
the extent of an infarction is the use of the Alberta
Stroke Program With Early CT Score (ASPECTS).23

An ASPECTS is calculated by counting 10 standard-
ized areas on a noncontrast head CT and deducting a
point for each area with hypoattenuation. A higher
ASPECTS correlates with a low area of infarction
and vice versa. ASPECTS were shown to provide
greater interrater reliability in quantifying the extent
of early ischemic changes, compared with visual esti-
mation of identifying an infarct greater than 1/3 of
the MCA territory.23 A low ASPECTS (less than 7)
has been validated in a retrospective study24 as a use-
ful tool for predicting which patients are less likely to
have a good outcome after mechanical thrombec-
tomy and which patients are more likely to have
hemorrhagic conversion of infarct after IV thrombo-
lytics.25 In a retrospective study of data from the
PROACT II trial, an ASPECTS greater than 7 corre-
lated with improved functional outcome in patients
with MCA occlusion undergoing thrombolysis with
IA prourokinase.26

CT perfusion. The goal of CT perfusion is to differ-
entiate between brain tissue with cerebral blood flow
so low that it is likely to be already infarcted (the
“infarct core”) and surrounding areas of brain still
viable but likely to infarct if sufficient blood flow is
not restored (the “ischemic penumbra”). Thresholds
for blood flow have been used to estimate volume of
the infarct core and ischemic penumbra, but these
have not been validated in prospective trials, as many
of these parameters may differ between patients.
Also, definitions of the ischemic penumbra and in-
farct core differ between studies of CT perfusion,
and protocols for these studies are not standardized
across institutions.27,28 The reliable use of perfusion
studies is also made difficult in patients who have
contralateral stenosis or occlusion, patients with car-
diac failure, and patients who are agitated or moving
during imaging acquisition.
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MRI. Emergent MRI can rapidly detect the core of
the infarct with a diffusion-weighted imaging (DWI)
sequence or location of an occlusion of proximal in-
tracranial arteries by magnetic resonance angiogra-
phy. The presence of hemorrhage, either acute or
occult, can be detected with gradient echo with high
sensitivity compared with CT.29 The application of
ASPECTS to DWI may also predict hemorrhagic
risk after IA thrombolysis, as shown in one retrospec-
tive study.30 DWI lesion volume can also be used to
decide whether to administer endovascular therapy; a
DWI lesion �70 mL correlated with better outcome
in patients who received IA thrombolysis in one
study.31

Magnetic resonance (MR) perfusion can provide
information similar to that obtained with CT perfu-
sion, but with the added benefit of defining the in-
farct core with greater reliability, merely by DWI
sequence. A disadvantage of MR perfusion, and MRI
in general, is the increased time required to perform
the study.16 Although many neuroradiologists claim
that MRIs can be obtained in fifteen minutes, in our
experience it usually takes about 30 minutes if you
include the time required to transport the patient to
MRI and move them onto and off of the MRI table.

One of the most efficient methods of selecting
patients is to use the concept of clinical diffusion
mismatch.32 A patient presenting with a high NIHSS
score is expected to have a large territory of infarction
or ischemic penumbra. Diffusion-weighted MRI, if
it can be performed within 15 to 30 minutes, can
define the core infarct rapidly. A high NIHSS score
(greater than 8) with a relatively small area of DWI
abnormality (�25 mL) may indicate a clinical diffu-
sion mismatch, which has high specificity in predict-
ing infarct growth and the presence of an ischemic
penumbra.32,33

Using MRI and CT to select patients for embolectomy
when the time of onset is unknown. It is possible that
a subset of stroke patients who present greater than 8
hours after the onset of symptoms with an imaging-
defined ischemic penumbra may benefit from me-
chanical clot retrieval.34 Mechanical thrombectomy
may be safe in these patients who are selected with
MRI or CT perfusion.35 The MR RESCUE study is
currently identifying whether presence of a CT- or
MRI-defined penumbra can identify patients who
benefit from mechanical embolectomy, regardless of
the size of the infarct.

Collateral blood flow. The presence of collateral
blood flow prior to endovascular treatment is not
typically used to guide endovascular therapy selec-
tion. However, its absence may indicate an area of
brain destined to infarct.36 The presence of collaterals

may prevent further infarction until recanalization
occurs and is associated with improved outcome after
IV and IA thrombolysis.37 The presence of a greater
degree of collateral blood flow to an area of ischemia
has also been shown to be associated with a higher
rate of recanalization in a retrospective study of 222
patients.38

INTRAPROCEDURE MANAGEMENT Every effort
should be made to reduce the time for pertinent lab-
oratory study results to become available, the time to
IV tPA administration, and the time for preparation
of the angiography suite. If the patient is a candidate
for intervention, he or she should be directly trans-
ferred from the emergency department to CT or
MRI and then to the angiography suite. Goal time
from door to IV tPA has been recommended to be
less than 60 minutes for eligible candidates. In endo-
vascular therapy, similar benchmarks of time have
not been established.

General anesthesia is often considered but may
cause hypotension during induction, furthering cere-
bral ischemia. Waiting for the patient to be intubated
may also prolong the time to recanalization. If con-
scious sedation is used instead of general anesthesia,
there is concern among some interventionalists that
patients may be more likely to move during the pro-
cedure, which could increase the risk of microcath-
eter or microwire perforation of an intracerebral
blood vessel. However, in a retrospective multicenter
study, patients who were given conscious sedation
for acute ischemic stroke intervention were not at a
higher risk for intracranial hemorrhage. There was
also lower mortality and better clinical outcomes in
nonintubated patients vs patients treated with gen-
eral anesthesia.39 Similarly, another retrospective
study found that performance of the procedure in the
nonintubated state was associated with a smaller final
infarct volume, lower mortality, and a better chance
of a good outcome.40 Further prospective random-
ized studies are needed to confirm that better out-
comes are a result of not intubating the patient rather
than inherent imbalances in the comparison of pa-
tients who are intubated or not.

Antiplatelet therapy. Intracranial stenting for acute
ischemic stroke has been offered at some centers and
may be associated with a high rate of recanaliza-
tion,41,42 but long-term follow-up of the mortality
and outcomes is needed to evaluate for restenosis and
recurrent ischemic symptoms. If placement of an in-
tracranial stent is anticipated, adjuvant clopidogrel
and aspirin is often given to prevent stent thrombosis
and is continued for 3 months after placement, fol-
lowed by aspirin indefinitely. In the acute phase, the
timing and dosage of the medications vary among
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neurointerventionalists. Glycoprotein IIb/IIIa inhib-
itors are favored by some neurointerventionalists
prior to or during intracranial stent placement but
carry a risk of hemorrhagic transformation.43 With
the high recanalization rates associated with the use
of removable embolectomy and stentriever devices,
intracranial stenting for acute ischemic stroke should
be considered as a measure of last resort so as not to
leave the patient with a foreign body and expose the
patient to the risks of dual antiplatelet therapy.

Blood pressure goal. During the procedure, target
blood pressure within 10% to 20% of the blood pres-
sure on admission to the emergency department is a
reasonable goal prior to recanalization. As previously
mentioned, if a patient received IV tPA prior to in-
tervention, then blood pressure maintenance should
follow NINDS guidelines of less than 185/105 mm
Hg.9 A systolic blood pressure consistently greater
than 180 mm Hg or diastolic pressure greater than
100 mm Hg was an exclusion criterion for IA pro-
urokinase in the PROACT II study.1 If IA lysis is
planned, then blood pressure should be maintained
below these goals to prevent reperfusion hemorrhage
or hemorrhagic transformation of infarct.

POSTPROCEDURE MANAGEMENT Blood pres-

sure. Patients should be monitored in a neurologic
intensive care unit, where blood pressure should be
recorded at frequent intervals. The optimum blood
pressure after the procedure has not been formally
studied, but it should be titrated according to the
degree of arterial recanalization and the patient’s
neurologic examination. If full recanalization and
good neurologic recovery are achieved, then goal
blood pressure may be lowered to a systolic 120 to
140 mm Hg to prevent reperfusion hemorrhage.
However, opinions vary among interventionalists re-
garding the target blood pressure after recanalization;
blood pressures of up to 180/105 mm Hg in patients
who have been recanalized but have not received IV
tPA are recommended by some.44 If there is partial
recanalization, then blood pressure could be permit-
ted up to 185 mm Hg systolic for 24 to 48 hours.
Allowing the blood pressure to spontaneously rise to
optimize collateral blood flow may also help to clear
emboli from distal vessels.45 In most patients, blood
pressure spontaneously decreases within days after
admission without any medical treatment.46 With
time, a benefit of secondary stroke prevention has
been seen in stroke patients who have their blood
pressure lowered over days or weeks after stroke to a
normal range, defined as less than 120/80 mm Hg.47

Thus, in many cases, a normal blood pressure will be
the goal after several days or weeks.

Antithrombotics. Whenever possible after the proce-
dure, the groin sheath should be promptly removed
to avoid thrombotic complications such as lower-
limb ischemia. If heparin is used during the proce-
dure, most interventionalists would not reverse with
protamine unless bleeding occurred, because reversal
of heparin may be associated with stroke.48 Unfrac-
tionated heparin is administered after intervention in
some centers, depending on the degree of residual
clot burden, and this practice was allowed after em-
bolectomy in the MERCI trial at the discretion of
the treating physician.4 Data to support this practice
are inadequate, and the AHA clinical guidelines do
not discuss the administration of heparin after embo-
lectomy.10 For large strokes, the risk of hemorrhagic
conversion while on heparin is greater, and heparin is
therefore contraindicated.10 Administration of deep
venous thrombosis prophylaxis is independently as-
sociated with an improved outcome after acute
stroke.49 Prophylactic subcutaneous heparin should
be given to this high-risk population to prevent deep
venous thrombosis once a neuroimaging study con-
firms absence of hemorrhage or after 24 hours has
elapsed from tPA administration. Pneumatic com-
pression devices can be used on the legs immediately
after the patient leaves the interventional suite.

Dyslipidemia. The effect of HMG Co-A reductase
inhibitor (statin) administration in acute stroke pa-
tients undergoing endovascular intervention has not
been adequately studied. One study of a prospec-
tively maintained database of patients undergoing IA
fibrinolysis and mechanical thrombectomy did not
find an association of statin use with increased fre-
quency of recanalization.50 In the same study, statin
use at the time of mechanical thrombectomy was as-
sociated with a 6.5-point decrease in the NIHSS
score at the time of discharge. In patients who were
already on statins at the time of their large-vessel
ischemic stroke, greater collateralization of blood ves-
sels was seen prior to endovascular intervention in a
retrospective study.51

Statins are not known to have an immediate effect
on hemodynamics in acute ischemic stroke patients,
but it is reasonable to start them during admission
because of their beneficial effects on lowering the in-
cidence of future cardiovascular events. The Stroke
Prevention by Aggressive Reduction of Cholesterol
(SPARCL) study showed that atorvastatin, 80 mg
daily, started within 1 to 6 months of an acute stroke,
reduced the incidence of future stroke and cardiovas-
cular events and improved outcomes with recurrent
ischemic stroke.52,53 Therefore, a statin is recom-
mended for stroke patients with a low-density lipo-
protein level �100 mg/dL. In June 2011, the US
Food and Drug Administration issued a warning that
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the 80-mg dose of simvastatin should not be pre-
scribed to patients who are not already taking this
dose, because it is associated with a high risk of my-
opathy, especially within the first 12 months of
use.54 This recommendation was derived from a
comprehensive review of clinical trial data from
the agency’s Adverse Event Reporting System.
Other HMG Co-A reductase inhibitors may be
used as substitutes for the high dose of simvastatin
if the lower doses are not effective.

Fever. Hyperthermia should be avoided in the acute
phase because it potentiates injury to the ischemic
brain and is associated with worse clinical outcomes
after stroke.55 The mechanism by which fever causes
worsened outcomes may be related to increased levels
of GABA and glycine in febrile patients56 or to in-
creased free radical production in febrile patients.56,57

The 2007 AHA guidelines suggest that cooling
stroke patients with fever might be beneficial.10

Hyperglycemia. The presence of hyperglycemia in
acute ischemic stroke patients at the time of admis-
sion is associated with worse clinical outcome and
higher risk for symptomatic intracranial hemorrhage,
regardless of whether or not IV thrombolysis was
performed.58 Similarly, Kase et al.59 found that hy-
perglycemia at the time of stroke onset was associated
with a higher risk of intracranial hemorrhage after IA
thrombolysis. The reason for the association of hy-
perglycemia with a worse outcome after stroke is un-
clear, but tissue acidosis, lactic acidosis, free radical
production, altered blood–brain barrier permeabil-
ity, and development of brain edema are possible ex-
planations.10 In patients with acute ischemic stroke
undergoing endovascular intervention, higher blood
glucose on admission and failure of glucose levels to
decrease in the first 48 hours were associated with
higher mortality and worse outcome at 90 days.60

Hallevi et al.61 showed that hyperglycemia in stroke
patients undergoing endovascular intervention at the
time of admission is associated with a worse outcome
at the time of discharge. The cause of this relation-
ship is unclear. It is unknown whether administra-
tion of insulin with tight glycemic control can
improve outcomes, but in one pilot randomized
study of acute stroke patients, this was found to be
feasible and safe, although the group with the tightest
glycemic control (70–110 mg/dL) had a 30% rate of
hypoglycemic episodes.62 Staszewski et al.63 demon-
strated that a 24-hour continuous insulin infusion to
keep blood glucose at 81–126 mg/dL resulted in a
3-point decrease in the NIHSS score at 30 days.

Other. Administration of a swallow evaluation is in-
dependently associated with an improved outcome
after acute stroke.49 A bedside swallow examination

should be done on admission and may need to be
repeated after sedation from the procedure wears off.
If the patient cannot safely swallow, a nasogastric
tube may be inserted (but delayed for 24 hours if the
patient received tPA). If needed, tube feeds should be
started early because protein energy malnutrition
after stroke is associated with an increased rate of
bedsores and infections and a worse outcome.64,65

Aspiration precautions should be undertaken in all
patients.

Communication. An important and sometimes over-
looked aspect of periprocedural care for stroke pa-
tients is the need to communicate with the patient’s
family on the gravity of the stroke, expected natural
history, and procedural risks. Following the proce-
dure, the family should be updated about the results
of the procedure and any changes in the patient’s
neurologic status. One of the most common reasons
that physicians are sued is that families feel that the
physician did not talk openly, did not warn them
about long-term problems, or that information was
communicated poorly.66

FUTURE DIRECTIONS IN STROKE CARE Sev-
eral emerging technologies such as ultrasound, infra-
red laser, the Neuroflo catheter,67 and medications
are being studied in acute stroke patients. While they
may not replace standard mechanical thrombectomy
and IA tPA as a means of revascularization, it is pos-
sible that in the future they may improve outcomes
when used as an adjunct to standard endovascular
procedures.

Ultrasound. Multiple randomized and nonrandom-
ized studies have shown that ultrasound facilitates
the lysis of blood clots in patients who are adminis-
tered tPA.68,69 Ultrasound has been shown in vitro to
increase the penetration of tPA into blood clot.70

Catheter-based ultrasound delivery has undergone
testing in a pilot study with the EKOS catheter and is
being tested in human trials.2 Microbubbles are small
lipid particles that can be used in conjunction with
ultrasound to enhance lysis of IA thrombus.71 Micro-
bubbles increase the turbulence created by ultra-
sound around the clot. The bubbles combined with
ultrasound are thought to increase the microfrag-
mentation of the clot and increase the surface area of
clot for tPA to act upon.72

Infrared laser. Infrared laser may stimulate adenosine
triphosphate formation in mitochondria and prevent
cell death in the ischemic penumbra.73,74 The Neuro-
therma Effectiveness and Safety Trial (NEST-1) was
a randomized controlled study of infrared laser ap-
plied, on average, 16 hours after onset of stroke. The
trial revealed that use of the laser was associated with
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reduced disability at 90 days.73 In addition, a recent
meta-analysis of data from NEST-1 and NEST-2
showed a significantly improved outcome at 90 days
for patients treated with low-energy transcranial laser
within 24 hours of an ischemic stroke.74 Another
randomized controlled trial showed a non–statisti-
cally significant improvement in outcome with laser
therapy started within 24 hours of ischemic stroke.75

If larger trials show a benefit, then this technology
has the potential to treat many patients with stroke
who are beyond the 6-hour time window at the time
of their arrival in the emergency department.

Neuroprotection. Theoretically, it may be possible to
block many of the enzymatic steps in the biochemical
cascade that leads to neuronal cell death. However,
despite the growing understanding of the biochemi-
cal mechanisms of free radical generation and the
influx of calcium into cells, clinical trials of “neuro-
protective agents” have not demonstrated efficacy in
stroke patients. As one author has pointed out, many
clinical trials have tested therapies greater than 6
hours after the onset of stroke. This may be beyond
the window during which many therapies may be
effective.76 Several neuroprotective agents have been
proposed, including oxygen and albumin.

Although hyperbaric oxygen was not shown to be
useful, high-flow oxygen at normal atmospheric pres-
sure has been considered as a method to slow cell
death after ischemic stroke.77–79 However, the rou-
tine use of oxygen is not currently recommended by
the AHA for acute stroke patients.10

A phase I pilot trial in human ischemic stroke
patients showed that albumin could be tolerated,
with the only adverse event being pulmonary edema
in a minority of subjects.80 However, final results of
part 1 of the trial revealed that the 90-day death rate
in patients treated with albumin within 5 hours of
the onset of symptoms was higher than in patients
treated with saline.81 The excess deaths were mostly
in older patients with large strokes who had received
large volumes of IV fluids. Increased rates of pulmo-
nary edema and myocardial infarction also occurred
in the albumin group. Changes were made in the
study protocol, including imposing an upper age
limit for study subjects, restricting the rate of IV fluid
administration, and excluding patients with elevated
troponins. The study has continued as a separate
study called the ALIAS Part 2 Trial.81

Neuroflo dual aortic balloon catheter. The Neuroflo
device (CoAxia, Maple Grove, MN) is an inter-
mittently inflating balloon catheter placed in the
descending aorta that may improve cerebral perfu-
sion by augmenting flow toward the cranium rather
than the splanchnic bed. The increase in cerebral

perfusion pressure may enhance recruitment of col-
laterals, prevent arteriolar collapse, and result in sal-
vage of penumbral tissue.82 Interestingly, in a
nonstroke porcine model, the increase in cerebral
blood flow persisted for 90 minutes after the aortic
balloon occlusion was removed.83

The SENTIS trial of the Neuroflo device in-
cluded patients presenting with strokes up to 14
hours after symptom onset, with baseline NIHSS
scores between 5 and 18.84 Patients were randomized
1:1 to either Neuroflo treatment or standard medical
care. The primary efficacy endpoint was a return to
normal neurologic status, based on the NINDS
Global Score, and the secondary efficacy measure of a
modified Rankin Scale score of 0 –2 and Rankin
shift. The trial did not reach statistical significance in
its primary efficacy measure. However, it did achieve
the trial’s primary safety endpoint. A post hoc analy-
sis showed a non–statistically significant trend to-
ward improved neurologic outcomes, as measured by
90-day modified Rankin Scale scores of 0–2 in early-
presenting patients, patients with moderate strokes,
and patients over 70 years of age. There was also a
trend toward decreased mortality from all causes in
patients treated with the device. Anticipated throm-
bolysis or thrombectomy was an exclusion criterion
for the SENTIS trial.

The Neuroflo device has also been tested in pa-
tients after IV tPA.85 In a rodent stroke model, the
combination of tPA and 70% occlusion of the ab-
dominal aorta for 1 hour reduced infarct volume
greater than tPA alone or aortic occlusion alone.82

There was no increase in the risk of hemorrhagic
conversion of infarct with the combined use of tPA
and aortic occlusion, suggesting the possibility that
the Neuroflo device might be used in patients who
receive tPA in the future.

DISCUSSION Patient selection with the aid of neu-
roimaging, timely endovascular intervention, and
proper medical therapy are important components in
the management of patients undergoing endovascu-
lar therapy for acute ischemic stroke. Future techno-
logic developments such as ultrasound, infrared laser
therapy, and partial aortic occlusion may add to our
therapeutic arsenal.
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