EMS MANAGEMENT OF ACUTE STROKE— PREHOSPITAL TRIAGE
(RESOURCE DOCUMENT TO NAEMSP POSITION STATEMENT)

T.J. Crocco, J. C. Grotta, E. C. Jauch, S. E. Kasner, R. U. Kothari, B. R. Larmon, J. L. Saver,
M. R. Sayre, S. M. Davis

ABSTRACT

PREHOSPITAL EMERGENCY CARE 2007;11:313-317

INTRODUCTION

Stroke is the third leading cause of death and the
leading cause of adult disability in the United States.!
Roughly one American suffers a stroke every minute,
and one American dies of stroke every 3.5 minutes.? In
1995, the National Institute of Neurological Disorders
and Stroke (NINDS) study showed that intravenous ad-
ministration of tissue plasminogen activator (tPA) had
clinical benefit for a select group of patients with acute
ischemic stroke. Most importantly, patients maximally
benefit from intravenous administration of tPA if treat-
ment is started as soon as possible within 3 hours of
symptom onset.>~°

In addition to intravenous fibrinolysis, emerging en-
dovascular therapies have shown promise or have re-
ceived FDA approval as treatments for stroke in early
time windows. Intra-arterial fibrinolysis within 6 hours
of onset of middle cerebral artery infarction improved
outcome in a randomized phase 3 trial.” Endovascu-
lar mechanical embolectomy with the MERCI Clot Re-
triever within 8 hours of onset showed technical success
in achieving recanalization and was approved by FDA
in 2004 for the restoration of blood flow in the neu-
rovasculature in patients experiencing acute ischemic
stroke.®? Other therapies are also likely to be time de-
pendent because the viability of ischemic brain tis-
sue diminishes rapidly with time. This would be the
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case for not only specific pharmacological or interven-
tional therapy targeting reperfusion, neuroprotection,
and limitation of bleeding but also for blood pressure
control, correction of hyper- or hypoglycemia, and re-
versal of hypoxemia.

The narrow therapeutic window of stroke therapy
has important implications for emergency medical ser-
vices (EMS) system operation. EMS professionals must
be proficient in their ability to recognize, assess, man-
age, treat, triage, and transport stroke patients. On the
basis of areview of the literature, we make the following
recommendations for the prehospital triage of stroke
patients.

DISCUSSION

Expeditious EMS Dispatch and Response

An EMS response begins with the dispatch priority
level. Because approved treatment for acute stroke must
be initiated rapidly, dispatches for suspected stroke pa-
tients should be expedited.!’~!* Consequently, the pre-
hospital response to a suspected acute stroke patient
should always assume that a therapeutic window for
treating an ischemic stroke is closing.

EMS transport to and arrival at the emergency de-
partment increases the odds that a patient will present
within the 3-hour time window, compared to pri-
vate physician referral and self-transport,’°and sig-
nificantly reduces the time from symptom onset to
CT evaluation.'®=? These findings imply that patients
and their family members who suspect development
of acute stroke should be encouraged to use EMS to
expedite care. Unfortunately, the general public has
limited understanding of the signs and symptoms of
stroke.?!=% Therefore, the burden of suspecting stroke
is often transferred to EMS dispatchers. By providing
additional guidance to EMS dispatchers to encourage
appropriate questioning of callers to public safety an-
swering points, the possibility of acute stroke may be
recognized and aid sent quickly.

Patients with ischemic stroke and hemorrhagic stroke
often have similar signs and symptoms, yet they require
very different treatment. Only computerized tomogra-
phy (CT) or magnetic resonance imaging (MRI) of the
brain interpreted by an appropriately trained physician
can determine whether the stroke is ischemic or hem-
orrhagic in etiology and guide appropriate selection of
therapies.
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Prehospital Stroke Screening and Patient
Assessment

Early identification of stroke symptoms by emergency
medical personnel is a valuable part of optimal care for
victims of stroke. To optimize stroke identification in the
field, prehospital professionals should be competent in
the use of a prehospital stroke screening instrument
that has been prospectively evaluated for sensitivity,
specificity, reproducibility, and validity.” =3

The sensitivity of paramedic identification of stroke
patients unaided by a formal screening algorithm has
varied between 61% and 72%?27-31 However, the use of
a prehospital stroke assessment instrument has been
shown to markedly increase paramedic sensitivity to
stroke identification in the field. Two common prehos-
pital stroke instruments, the Los Angeles Prehospital
Stroke Screen (LAPSS) and the Cincinnati Prehospital
Stroke Scale (CPSS), have both demonstrated sensitiv-
ities of greater than 90%2?>3 In addition, the more
recent Melbourne Ambulance Stroke Screen (MASS),
which is an amalgamation of the CPSS and LAPSS, has
also shown a sensitivity of 90%.3-34

Some studies have shown that EMS dispatchers may
be trained to a modified stroke identification instru-
ment, which can be effective in optimizing stroke
care.~3 EMS personnel should be familiar with a tech-
nique of prehospital stroke assessment and use it rou-
tinely on patients suspected of having a stroke. Prehos-
pital care providers should be capable of incorporat-
ing their prehospital stroke findings with the patient’s
signs, symptoms, and risk factors to make a final strat-
ification of stroke likelihood.*

EMS professionals should attempt to determine the
time of onset of the patient’s neurological symptoms
and the time the patient was last known to be symptom
free. EMS professionals frequently have access to his-
torical and medical information from family members,
caregivers, or bystanders that may not be immediately
available when the patient arrives in the emergency de-
partment. Time of onset is an essential component of
prehospital stroke screening instruments and may be a
factor in determining triage and transport modality de-
cisions (see air medical transport of stroke patients). The
onset time is based on when the patient was last seen
at his or her normal or baseline level of function. With-
out a clear time of symptom onset, most recanalization
(intravenous tPA) strategies may be precluded.?$2:40

Furthermore, EMS providers should have specific ba-
sic knowledge of, and document the proper use of, im-
portant principles of stroke management as embodied
in acute stroke guidelines,>!'~!* such as treatment of
glucose and hypoxia.

Despite the importance of identifying stroke in the
field, stroke-related subject matter has been given scant
attention in the Department of Transportation’s (DOT)
National Standard Curriculum for all Emergency Med-
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ical Service personnel. However, didactic material per-
taining to stroke has been included in the majority of
the most popular textbooks and reference materials for
EMS providers. Furthermore, many of the handbooks
and training manuals used in first responder training
programs include a detailed coverage of stroke.

Communication with Receiving Facilities

Previous studies on the prehospital management of
acute myocardial infarction have shown that prehos-
pital notification of impending patient arrival can re-
duce the time to reperfusion treatment.*!~* Similarly,
early EMS notification of an in-bound stroke patient
can provide significant preparation time to hospi-
tal personnel.* Physicians, nurses, CT/MR technol-
ogists, pharmacists, and others are able to use early
notification to mobilize necessary resources for the
patient.>#>#6Prehospital notification of in-bound stroke
has been demonstrated to shorten delays from ED ar-
rival until initial neurological assessment and initial
brain imaging, and to increase the proportion of pa-
tients treated with reperfusion therapy, both as an in-
dividual intervention,'®1? and as one element in the
implementation of a comprehensively organized pre-
hospital stroke care system.?47~0

Local/Regional Strategies for Stroke Patient
Destination

Several factors are important in determining a hospi-
tal’s capability in providing emergent stroke care. Some
of these important factors include (1) the presence of
physicians with expertise in the diagnosis and man-
agement of stroke and head CT and/or MRI interpre-
tations, (2) the availability of essential brain imaging
capacity (CT or MRI) and adequate emergent ancillary
care, and (3) the availability of knowledgeable person-
nel to carry out approved stroke therapies including the
use of IV-rtPA, and (4) the presence of an institutional
plan to handle, or at least provide initial evaluation of,
primary hemorrhages and hemorrhagic transformation
of cerebral infarcts.”! Itis unreasonable to expect all hos-
pitals (urban, suburban, and rural) to provide this level
of care for patients with stroke on a 24-hour basis. How-
ever, any limitations in the availability of these impor-
tant factors should be incorporated into the regional
protocol for triaging acute stroke patients in the pre-
hospital setting and agreed upon by the stakeholders.
The stakeholders for developing such protocols should
include (but are not limited to) EMS personnel, EMS
medical directors, emergency physicians, neurologists,
radiologists, neurosurgeons, and stroke patients. Many
state health departments and EMS agencies in collabo-
ration with the American Heart Association/American
Stroke Association are working with these stakeholders
to facilitate the development of these protocols.
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Previous research has documented the improved out-
come of patients who receive in-hospital care at facili-
ties specializing in stroke care.%?~5* In addition, trans-
porting patients to a center with immediate access to
stroke expertise and willingness to treat has been shown
to increase tPA use.®* Lattimore also found that be-
coming a stroke center increased tPA use.” These find-
ings suggest that bypass of facilities unable to reliably
provide basic stroke care in favor of primary stroke cen-
ter facilities capable of providing this care may increase
the number of patients treated with thrombolytic ther-
apy and thus promote better patient outcomes, when
resultant additional travel times and system burden are
not too great.

The Joint Commision on Accreditation of Healthcare,
nationally, and several state Departments of Health, re-
gionally, now provide credentialing for hospitals that
meet minimum criteria for carrying out acute stroke
care. These are being adopted by some state legisla-
tures to foster statewide stroke triage plans (New York,
Massachusetts, Michigan, Florida, Texas, New Jersey,
New Mexico, and others). Prehospital stroke triage poli-
cies should address time variables (interval between
symptom onset and EMS evaluation), distance vari-
ables (transport distance to available health care fa-
cilities), and available stroke care capabilities in the
region.

Because almost half of all acute stroke patients will
not use EMS to access health care, it is important that
all emergency departments develop plans to quickly
assess and treat victims of stroke. It may be useful
to secondarily transfer stroke patients to a regional
stroke unit regardless of the age, size, or severity of the
stroke as well as the administration (or lack thereof)
of fibrinolytic therapy. Any protocols with respect to
secondary transfers to regional stroke units should be
developed with EMS operational and medical direction
involvement to ensure timely transport by appropriate
EMS personnel.

Emerging Alternative: Air Medical
Transport

In remote geographical areas without nearby hospital
facilities, the use of air medical transport from the field
to a stroke center or other facility capable of managing
acute stroke patients should be considered.”” Air med-
ical transport may reduce transit times, may increase
the availability of thrombolytic therapy to residents of
rural communities,*® and may be cost-effective.’”® The
air medical evacuation of a stroke patient in the prehos-
pital setting could be considered if both of the following
conditions are present:’!

1. The closest facility capable of providing treatment to
the patient with an acute stroke is more than an hour
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away by ground ambulance. Given the current 3-
hour window for fibrinolytic therapy, ground trans-
portation for more than 1 hour is likely to preclude
intravenous tPA administration. Transport times ex-
ceeding 60 minutes could potentially be used more
effectively for in-hospital evaluation and supportive
care than in transit.

2. The patient can reach a facility providing definitive
stroke diagnosis and treatment within the 3-hour
therapeutic time window for intravenous thrombol-
ysis, or longer if medically appropriate for other in-
terventions, using air medical transport.

If these conditions cannot be achieved, then prehos-
pital triage should be determined by the guidelines set
forth above, and the patient should be transported to
the nearest hospital for initial assessment and stabiliza-
tion. Secondary interfacility transport to a stroke cen-
ter, either by ground or air, may follow when feasible if
medically appropriate.®®~62

In any situation where air medical evacuation is
necessary, we strongly support prehospital discus-
sion with medical oversight because air transporta-
tion may be influenced by weather, availability of per-
sonnel and air ambulances, maintenance issues, and
other factors that may negate its potential advantage of
speed.

In summary, EMS systems should consider develop-
ing a policy of transporting acute stroke patients by air
if the closest facility capable of treating acute stroke is
more than 1 hour away by ground transport, and the
patient can reach the facility within the treatment time
windows for selected therapies. Because of the many
factors that influence the success of air medical trans-
port, future research should examine the factors that
are most strongly associated with the optimal use of air
medical transport for stroke patients.
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EMS MANAGEMENT OF ACUTE STROKE— OUT-OF-HOSPITAL TREATMENT
AND STROKE SYSTEM DEVELOPMENT
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ABSTRACT

The American Heart Association estimates an annual inci-
dence of stroke in the United States at 700,000, leading to over
150,000 deaths. Of all strokes, approximately 88% are ischemic
and 12% are hemorrhagic. Almost half of all stroke deaths
occur in the out-of-hospital environment.! Within a given re-
gion, the emergency medical services (EMS) system has an
important role in the management of the acute stroke patient.
Decisions made by EMS personnel can affect treatment and
contribute to the immediate, short-term, and long-term out-
comes of the patient. Because the patient may require emer-
gent treatment regardless if the stroke is ischemic or hem-
orrhagic, EMS personnel should manage all potential stroke
patients in a time-dependent nature. Proper treatment and
disposition of the stroke patient begins in the out-of-hospital
environment, continues in the emergency department, and
then extends to the inpatient admission. This article reviews
the literature on the out-of-hospital treatment of stroke pa-
tients and the role of EMS in the development of stroke sys-
tems of care. Key words: stroke; emergency medical services;
systems of care.
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INTRODUCTION

The American Heart Association estimates an annual
incidence of stroke in the United States at 700,000, lead-
ing to over 150,000 deaths. Of all strokes, approximately
88% are ischemic and 12% are hemorrhagic. Almost
half of all stroke deaths occur in the out-of-hospital
environment.! If recent trends continue, the 30-year
projections suggest a 98% absolute increase in stroke
deaths from 139,000 in 2002 to 275,000 in 2032 with a
corresponding increase in the U.S. population of only
27%.2

Within a given region, the emergency medical ser-
vices (EMS) system has an important role in the man-
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agement of acute stroke patients. Decisions made by
EMS personnel can affect treatment and contribute to
the immediate, short-term, and long-term outcomes of
the patient.

The first step for EMS is the early identification of pa-
tients who may be having a stroke. This begins with
entry of the patient into the EMS system via “911”
or equivalent emergency call centers. Once potential
stroke patients have been entered into the EMS sys-
tem, it then falls to the responsibility of the on-scene
EMS personnel to accurately screen and assess potential
stroke patients. Because the patient may require emer-
gent treatment regardless if the stroke is ischemic or
hemorrhagic, EMS personnel should manage all poten-
tial stroke patients in a time-dependent nature.

In 1995, the National Institute of Neurological Disor-
ders and Stroke (NINDS) published a study in which
tissue plasminogen activator (t-PA), given within 3
hours of symptom onset, improved outcome for pa-
tients with acute ischemic stroke.’> The NINDS study
showed that patients given t-PA were more likely to
have minimal or no disability at 3 months compared
to placebo (favorable outcome by Barthel index of 50%
compared to 38%, respectively; relative improvement of
31.6%). At the same time, however, patients given t-PA
were at a statistically significant higher risk for intra-
cerebral hemorrhage within 36 hours than the placebo
group at 6.4% compared to 0.6% respectively (increased
relative risk of 9.7%).

Over the past 10 years there has been much contro-
versy over the use of t-PA for acute ischemic stroke.
Much of this controversy has revolved around proto-
col violations and the exact subset of patients that are
appropriate to receive t-PA.*> Another element of the
controversy has been related to the statistical methods
used in the NINDS trial. Some authors have argued
that the results are not valid due to an imbalance in
the study groups.® Because of this concern, a group of
independent reviewers recently published results on a
reanalysis of the findings from the NINDS trial. Their
findings reaffirmed support for the use of t-PA to treat
patients with acute ischemic stroke within 3 hours of
onset of symptoms, despite an increased incidence of
symptomatic intracranial hemorrhage.”8

Regardless of the findings from the independent com-
mission, there continues to be only a small fraction of
acute stroke patients who are eligible for thrombolyt-
ics due to the restrictive inclusion criteria.’ However,



Downloaded By: [UPEC - Prehospital Emergency Care] At: 18:37 2 August 2007

Millin et al.  EMS MANAGEMENT OF STROKE PATIENTS

beyond the use of intravenous t-PA for the treatment of
acute ischemic stroke, there are other treatment modal-
ities that may be beneficial for stroke patients. Many
of these additional treatment modalities may be initi-
ated in the out-of-hospital environment and continued
in the emergency department and following admission.
The ideal agent for field use would be a neuroprotective
agent that could be administered during transport.!%!!
However, to date, no neuroprotective agent has been
shown to be effective in reducing the morbidity or mor-
tality associated with acute ischemic stroke.

In addition to stroke specific therapies, there are sev-
eral other treatment measures that should be consid-
ered by all EMS personnel when caring for the pa-
tient with a potential stroke. These measures include
position of patient during transport, use of oxygen
therapy and airway management, placement of intra-
venous lines and administration of intravenous fluids,
electrocardiographic monitoring, blood glucose moni-
toring and correction of hypoglycemia, administration
of aspirin, and monitoring of blood pressure derange-
ments. In the emergency department, acute stroke pa-
tients should be assessed for potential candidacy for
intravenous or intra-arterial t-PA, or neurosurgical con-
sultation for hemorrhagic stroke. Once the patient has
been admitted, acute stroke patients should be man-
aged in consultation with a neurologist and assessed
for short-term (e.g., fever, blood glucose derangements,
blood pressure derangements, aspiration pneumonia,
deep venous thrombosis) and long-term (i.e., rehabili-
tation, psychological health) sequela of stroke.

Recently, two independent groups, the Brain Attack
Coalition (BAC) and the American Stroke Associa-
tion (ASA), a division of the American Heart Associ-
ation, have developed recommendations for the treat-
ment of stroke patients and the development of stroke
centers.!>!3 The recommendation that all acute stroke
patients receive treatment at accredited stroke centers
has significant implications because many acute stroke
patients are transported to acute care centers through
the EMS system. The early identification of the potential
stroke patient and subsequent transport to an appropri-
ate care facility is the responsibility of the EMS system.
Therefore, EMS medical directors should develop re-
gional protocols for the identification and treatment of
potential stroke patients and should be involved in the
development of any regional stroke systems of care.

REVIEW OF SUPPORTING LITERATURE

Out-of-Hospital Screening for Stroke
Patients

Because the outcome of some stroke treatments is time
dependent, itis important to rapidly enter a patient who
is possibly experiencing a stroke into the EMS system.
Entry into the EMS system begins with the “911” or
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equivalent emergency operator and continues with the
EMS personnel that provide direct care to the patient.

For EMS personnel to accurately identify a patient
who may be having a stroke, it is valuable to have
a screening tool that is easy to perform. Two stroke
screening assessments have been documented to have a
high sensitivity in identifying patients who may be hav-
ing a stroke in the out-of-hospital setting: the Cincinniti
Prehospital Stroke Scale and the Los Angeles Prehospi-
tal Stroke Screen.!*1° It is recommended that all EMS
personnel use a screening tool for the assessment of
patients who may be having a stroke.

Out-of-Hospital Treatment of Stroke
Patients

Transport Position

The primary aim of acute stroke treatment is to restore
blood flow to poorly oxygenated brain tissue. Position-
ing of the head at zero degrees, or supine, during assess-
ment and transportation may increase arterial blood
flow through the effects of gravity. Traditional posi-
tioning for most acute neurological conditions has been
with 30° of head elevation to decrease intracranial pres-
sure (ICP).!~!® However, in ischemic stroke patients,
ICP does not peak until 48 hours postinfarction, and in-
creased blood flow may be more beneficial in the acute
setting.!??” Schwartz et al. demonstrated an improve-
ment in cerebral perfusion pressure (CPP) from 64.7 +
1.7 mmHg with a 30° elevation to 77+ 1.8 mmHg with
a flat position (p < 0.001).2!ICP changes were found
to be clinically insignificant. Wojner-Alexandrov et al.
demonstrated a 20% improvement in middle cerebral
artery (MCA) blood flow in a flat position compared
to 30° of head elevation with no detrimental effects
noted.??

As of this date, there are no published studies that
have examined head positioning of stroke patients in
the out-of-hospital setting. Furthermore, proper assess-
ment and management of airway, breathing, and circu-
lation are of primary importance in acute stroke. Stroke
patients may need stabilization of airway and trans-
portation with aspiration precautions. Therefore, the
benefits and risks of flat head positioning in the prehos-
pital setting are unknown at this time, and further stud-
ies need to be performed. However, a flat assessment
and transport position for patients with acute stroke
that have no clinical evidence of elevated ICP and can
tolerate positional changes may improve blood flow to
the brain.

Oxygen

Supplemental oxygen therapy is frequently a rou-
tine intervention in the prehospital patient with
acute stroke. Decreases in oxygen saturation can lead
to worsening of cerebral ischemia.”® Furthermore,
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administration of supplemental oxygen to those that
are not hypoxic may improve oxygen supply to is-
chemic tissue and thereby minimize the ischemic
penumbra.

Animal studies have suggested that there may be
some benefit to administering 100% supplemental oxy-
gen to nonhypoxic ischemic stroke victims.?*? How-
ever, human studies that have compared the use of
supplemental oxygen to no oxygen therapy for stroke
patients have shownno additional improvement of out-
comes with oxygen administration.?*?” The use of hy-
perbaric oxygen therapy has also been shown to have
no benefit in the treatment of stroke.?® Furthermore,
there is some evidence that suggests that hyperoxia
may be harmful % Currently, the best evidence with
regards to the use of oxygen is in the maintenance of
homeostasis.?! Stroke units that have tried to maintain
normal oxygen saturation in addition to euglycemia
and normothermia have demonstrated the best stroke
outcomes.31~3

Current recommendations based on available liter-
ature are to monitor oxygen saturation continuously
with a pulse oximeter and treat hypoxia with supple-
mental oxygen. Because there is no conclusive evidence
that supplemental oxygen for those that are not hypoxic
causes harm, clinicians may consider the use of oxygen
in stroke for patients who are not hypoxic.3* However,
because the goal of treatment should be to maintain
normoxia, supplemental oxygen for those who are not
hypoxic should be given at low flow rates. Additional
research is needed to determine if there are any ben-
efits or harm from the use of supplemental oxygen in
nonhypoxic acute stroke patients.

IV Access

Since acute stroke should be treated as a time-
dependent emergency, rapid transport to a definitive
care facility is of utmost importance. Delays in the pre-
hospital setting need to be avoided. One potential time
delay relates to the establishment of intravenous (IV)
access. A field line may be appropriate for cases when
acute resuscitation medications are needed. Otherwise,
transportation should be started immediately and IV
access secured en route. Although paramedics have
demonstrated proficiency at prehospital line place-
ment, attempts prior to transport can lead to increased
scene time. %

In the hospital, intravenous lines are useful for ob-
taining blood for laboratory tests and for administering
medications including contrast agents during imaging.
The current imaging gold standard for acute stroke is
computed tomography (CT) without contrast to sepa-
rate hemorrhagic from ischemic stroke.*% Other imag-
ing modalities that are being used with increased fre-
quency include magnetic resonance imaging (MRI)
with or without contrast, diffusion weighted imaging
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with MR, CT angiography, and CT perfusion imaging.
MRI contrast is administered manually such that the
size of the line is not crucial. However, contrast CTs
are performed with power injectors that often require
IV lines to be large bore and no more distal than the
antecubital fossa.

The current recommendations for patients not requir-
ing acute resuscitation are to minimize scene time and
to establish IV access en route. Medical directors should
know the diagnostic capabilities of area hospitals and
encourage EMS units to establish IV access to meet these
needs. Assuming that establishing an IV does not in-
crease the EMS transport time, placing a line that meets
therapeutic and diagnostic requirements may save crit-
ical time by eliminating the need to establish anIV as a
first priority when the patient arrives at the hospital.!%1!

IV Fluid Administration

Once vascular access has been established, there is
a tendency for EMS providers to administer intra-
venous fluids. However, it remains unclear what type
of fluid to administer and how much to give. In the-
ory, hemodilution will decrease viscosity, improve cere-
bral blood flow, and subsequently decrease infarct size.
A Cochrane review on hemodilution for acute stroke
using plasma volume expanders concluded that this
therapy has not been proven to improve survival or
functional outcome.* The administration of hypertonic
saline has also been recommended to decrease ICP in
the setting of acute stroke.*! However, correcting ICP in
the prehospital setting where it cannot be measured or
monitored is potentially dangerous. In an animal study
using hypertonic saline acutely for stroke without re-
gard to monitoring ICP, hypertonic saline was shown
to worsen the infarct size of cortical infarcts.*? Glucose-
containing solutions must be avoided because hyper-
glycemia has been shown to be detrimental in the acute
setting.*3-44

IV fluids should be used cautiously in stroke pa-
tients with other underlying medical conditions such as
heart failure or renal failure in which volume overload
could be detrimental. Conversely, patients who are de-
hydrated or poorly perfusing, should receive boluses of
balanced salt solutions to improve circulation and po-
tentially cerebral blood flow.*>%¢ No benefit from rou-
tine hemodilution has yet been demonstrated for use in
the acute setting. In patients who are hemodynamically
stable, the current recommendation is to saline lock the
line or run a balanced salt solution at a minimal rate to
keep the line open (TKO).

Electrocardiographic (ECG) Monitoring

Stroke patients are at risk for adverse cardiac outcomes
as mediated through an increase in sympathetic tone
and the release of catecholamines causing a proar-
rhythmic state.* " The increase in tone can also cause
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heart strain and myocardial infarction.”! Potential ECG
changes include QT prolongation, T-wave flattening or
inversion, ST segment alteration, and supraventricular
dysrhythmias.??>* Moreover, stroke itself can be caused
by the release of blood clots associated with under-
lying atrial fibrillation or prior myocardial infarction.
Given the wide range of cardiac risk factors and compli-
cations, continuous three-lead ECG monitoring, when
available, is recommended for all cases.

Blood Glucose Monitoring

In the setting of acute stroke symptoms, capillary
blood glucose (CBG) measurement should be obtained
as soon as possible. Early hypoglycemic patients can
present with focal neurological findings that mimic
a stroke.* In addition, severe and prolonged hypo-
glycemia canlead to brain injury such that promptiden-
tification and correction of hypoglycemia is imperative.

The identification of hyperglycemic patients is also
important. Hyperglycemia is recognized as an indepen-
dent risk factor for increased morbidity and mortality
following stroke.**#45 Hyperglycemia worsens cere-
bral edema, enhances hemorrhagic transformation of
the stroke, and exacerbates the postischemic injury.>*>’
The underlying mechanisms include increased anaer-
obic glycolysis leading to tissue acidosis as well as
increased permeability of the blood brain barrier. Re-
cent studies have identified the importance of starting
early insulin therapy to achieve euglycemia.’®> On-
going prospective trials to evaluate early glucose reg-
ulation will hopefully show the ideal interventions to
improve long-term outcomes.®“! In the future, early
management of hyperglycemia may be warranted in
the prehospital setting. However, at present, no data
exist to support this treatment.

In summary, it is important to check a CBG early
to identify and treat hypoglycemic patients as well
as identify hyperglycemic patients so that early in-
hospital intervention can be started to establish eug-
lycemia.

Aspirin

The goal of early intervention in acute ischemic stroke
is to restore blood flow to brain tissue by physically
disrupting the clot and preventing further clot forma-
tion. Platelets are believed to play an important role in
the pathogenesis of acute ischemic stroke and the an-
tiplatelet drug aspirin has been demonstrated to have
beneficial effects in the treatment of acute stroke.®>6
The International Stroke Trial (IST) and the Chinese
Acute Stroke Trial (CAST) evaluated the effects of early
aspirin therapy (within 48 hours) on acute stroke and
showed a reduction in the immediate risk of further
stroke or death in the hospital setting and in the overall
risk of death or dependency.t*°
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In theory, giving aspirin to a person with a hemor-
rhagic stroke could worsen the bleeding. However, a
subgroup analysis of the IST and CAST studies showed
anetbenefit with no unusual risk of hemorrhagic stroke
in the use of early aspirin therapy.®® Other studies have
also failed to show an increased risk in the develop-
ment or worsening of hemorrhagic stroke with the use
of aspirin.t”-¢

There is no literature that has examined the bene-
fits and risks of aspirin therapy for suspected stroke
in the prehospital environment. Because the available
literature does not show an increased risk of hemor-
rhage, aspirin could theoretically be given to patients
with suspected stroke in the prehospital environment.
However, as the literature demonstrates a benefit to as-
pirin therapy when given in the first 48 hours after onset
of symptoms and there is a theoretical risk of hemor-
rhage, itis acceptable to delay aspirin therapy until after
the patient has arrived at the emergency department.
Further research is needed to delineate the benefits and
risks of aspirin administration for suspected stroke pa-
tients in the prehospital environment.

Blood Pressure Management

Blood pressure management in acute stroke has been
a controversial topic.”’ In theory, a reduction in blood
pressure should prevent additional strokes, reduce fur-
ther vascular damage, decrease cerebral edema, and
lessen the chance for hemorrhagic transformation of
an ischemic area.”! However, reducing blood pressure
could also reduce cerebral perfusion and lead to en-
largement of the area at risk for ischemic injury. Cere-
bral autoregulation is often disrupted in the setting of
ischemia, and cerebral perfusion depends almost en-
tirely on systemic arterial blood pressure. In studies
that focused on the first 24 hours after an acute ischemic
stroke, it has been noted that although initial hyperten-
sion is common, blood pressure often declines without
intervention in the first 90 minutes.”>”® Other studies
have found that the initial hypertension associated with
an acute ischemic stroke was protective and that in-
terventions to lower it in the first 24 hours worsened
outcome.”*~76

For ischemic stroke, a range of systolic blood pres-
sure (SBP) from 140 to 180 mmHg appears to be optimal
and reducing SBP below 140 mmHg or by more than
20 mmHg is detrimental.”® In fact, evidence is emerg-
ing for the use of vasopressors to increase SBP in the
management of acute ischemic stroke.””-”8 Current rec-
ommendations for blood pressure management in is-
chemic stroke are to avoid anti-hypertensives in the
acute setting unless SBP is >220 mmHg or if medi-
cally necessary for treating accompanying conditions
such as acute myocardial infarction, decompensated
heart failure, aortic dissection, acute renal failure, or
hypertensive encephalopathy.” In hemorrhagic stroke,
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the goal of blood pressure management is to maintain
mean arterial blood pressure <130 mmHg and CPP >70
mmHg.%

Because of the importance of not overaggressively
treating hypertension in acute stroke, blood pressure
management in acute stroke should be done in a con-
trolled manner with continuous assessment and close
titration of medications used. Because it is very dif-
ficult to closely monitor blood pressures and titrate
medications in the prehospital environment, current
recommendations for the management of blood pres-
sure in the prehospital environment for potential stroke
patients are to not intervene and to let the body
autoregulate.

Level of Prehospital Care

The availability of advanced life support (ALS) level
prehospital care varies from community to commu-
nity. In communities where ALS care is notimmediately
available, basic life support (BLS) services can provide
promptand coordinated care of patients with suspected
acute stroke, and transport should not be delayed when
ALS care is not immediately available. Unless resusci-
tation is required, the BLS skills of early recognition of
patients with suspected acute stroke, prompt transport,
and coordination of care with the receiving facility are
of more importance than the ALS skills listed above.

Stroke Centers

As recently as 2000, Alberts et al. published recommen-
dations from the BAC for the establishment of primary
stroke centers.®! These recommendations have since
been adopted by the Joint Commission on Accredita-
tion of Healthcare Organizations (JCAHO) for the ac-
creditation of primary stroke centers.®? The recommen-
dations from the BAC focus on two main objectives:
patient care areas and support services.

Since the publication of the original recommenda-
tions by the BAC, this organization, composed of a
multidisciplinary group representing a variety of pro-
fessional organizations and medical specialties, has
subsequently published further recommendations for
the development of comprehensive stroke centers.? It
is the belief of the BAC that there should be two lev-
els of stroke centers: (1) primary centers that are able
to provide care for most acute stroke patients and (2)
comprehensive stroke centers that act as a referral cen-
ter for complex cases as well as provide a base for stroke
education. In addition to these recommendations, the
ASA has also published recommendations for the es-
tablishment of stroke systems. !

Both the BAC and the ASA recommendations in-
clude sections on EMS and the management of stroke
patients. These recommendations highlight the impor-
tance of early identification and notification to receiv-
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ing hospitals of potential stroke patients, appropriate
treatment of these patients, and transport and /or trans-
fer to area stroke centers. Recommendations from the
BAC stress the importance of continuing education pro-
grams on stroke for EMS personnel and the integration
of the EMS system with the greater medical commu-
nity in the development of stroke systems. The rec-
ommendations from the ASA focus on the appropriate
identification of stroke patients, dispatch of appropriate
level of service to these patients, and timely transport
to stroke centers.!?

To this date, there have been no studies published that
have compared outcomes in patients who are primar-
ily transported to a stroke center to patients primarily
transported to a non-stroke center. However, there have
been a number of studies published that have demon-
strated improved outcomes when patients are either
admitted to a stroke unit or receive specialized stroke
care.®¥~% There are many possible reasons forimproved
outcomes when a patient is admitted to a stroke center.

In a prospective study of patients admitted to nine VA
hospitals with acute ischemic stroke, Goldstein et al.
demonstrated that patients cared for by neurologists
have improved outcomes.?’ Mitchell et al. published
similar findings in their study in which stroke patients
treated by a neurologist had a 22% less mortality rate
than similar patients treated by an internist.”* A few of
the possible explanations for improved outcomes when
stroke patients are managed by a neurologist might be:
focused diagnostics, appropriate treatment, prevention
of complications, and rehabilitation.

On the basis of the available literature demonstrating
improved outcomes when stroke patients receive spe-
cific treatment plans, JCAHO has published a list of 10
measures that should be considered in the certification
of stroke centers.”!*?> While many of these measures can
be accomplished at a typical community hospital, the
coordination of all of these measures by a neurologist
at an accredited stroke center has the potential to lead
to improved outcomes in the care of stroke patients.

IMPLICATIONS FOR EMS SYSTEMS

Emergency medical services systems are a vital compo-
nent to the management of stroke patients. There con-
tinue to be emerging treatment modalities for stroke
patients that are applicable to the out-of-hospital en-
vironment. Therefore, EMS medical directors should
develop protocols that address a multitude of issues
related to the care of stroke patients. These protocols
may include appropriate identification and treatment
of stroke patients as well as the integration of the EMS
system into regional stroke systems.

For the identification of potential stroke patients,
EMS medical directors should include training in stroke
screening as a part of the formal curriculum within
the EMS system. EMS providers working in emergency
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dispatch centers as well as in the field should use a stan-
dardized method to identify and assess patients who
may be having a stroke. Standardized screening is an
important tool in early identification of potential stroke
patients.

For the treatment of stroke patients, protocols should
address position of patient during transport, use of
oxygen therapy and airway management, placement
of intravenous lines and administration of intravenous
fluids, electrocardiographic monitoring, blood glucose
monitoring and correction of hypoglycemia, adminis-
tration of aspirin, and monitoring of blood pressure de-
rangements. These protocols should be continuously
reviewed to reflect current evidence-based treatment
practices. EMS providers should also have regular con-
tinuing education in the evaluation and treatment of
potential stroke patients.

Regarding stroke centers, there may be times when
primary transportation to a stroke center is not feasible
within an EMS system. There may be some EMS sys-
tems that will not have a stroke center in the geographic
region. Some EMS systems may be in areas where pri-
mary transportation will require excessively long trans-
ports taking an EMS unit out of its primary coverage
area. There may also be times when primary transporta-
tion to a stroke center may be contraindicated such as
if the primary hospital is not the closest hospital and
the patient is in need of emergent treatment for situa-
tions such as a compromised airway. However, in these
situations when primary transportation to a stroke cen-
ter is not feasible, secondary transfer of these patients
to a hospital with specialized stroke services may be
necessary.

Regarding the development of stroke systems of care,
EMS medical directors and administrators should be
active participants, if not leaders, in the development
of regional stroke systems. It is important to note that
there is controversy in the concept of developing stroke
systems of care. There are no data that demonstrate
improved outcomes when patients are primarily trans-
ported to stroke centers. However, there are data that
show improved outcomes when patients are ultimately
cared for at a hospital with the capacity to deliver spe-
cialized stroke care, even if this means secondary trans-
fer from the facility where the initial therapy, including
the decision to administer or not administer throm-
bolytics, is made. Therefore, EMS systems and medi-
cal directors should take a leadership role in develop-
ing local and regional strategies for the transportation
of patients with acute stroke symptoms. These strate-
gies should include the indentification of (1) centers
that are capable of providing acute stroke treatment
(e.g., thrombolysis) and the criteria for identifying the
patients who should be transported from the scene to
these centers and (2) centers that have the capacity to
deliver postacute stroke care, and EMS systems should
anticipate and be able to accommodate potential sec-
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ondary transfers of patients if they are initially taken to
a center that doesn’t offer these services.

References

1. Heart Disease and Stroke Statistics—2005 Update. American Heart
Association. Available at: http://www.americanheart.org/pres-
enterjhtml?identifier=1200026. Accessed Novemebr 7, 2005.

2. Elkins JS, Johnston SC. Thirty-year projections for deaths from
ischemic stroke in the United States. Stroke. 2003;34(9):2109-12.

3. Tissue plasminogen activator for acute ischemic stroke. The Na-
tional Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. N Engl ] Med. 1995;333(24):1581-87.

4. Katzan IL, Furlan AJ, Lloyd LE, Frank JI, Harper DL, Hinchey
JA, Hammel JP, Qu A, Sila CA. Use of tissue-type plasminogen
activator for acute ischemic stroke: the Cleveland area experience.
JAMA 2000;283(9):1151-8.

5. Bravata DM, Kim N, Concato J, Krumholz HM, Brass LM. Throm-
bolysis for acute stroke in routine clinical practice. Arch Intern
Med. 2002;162(17):1994-2001.

6. Lenzer ]. Alteplase for stroke: money and optimistic claims but-
tress the “brain attack” campaign. BMJ. 2002;324(7339):723-9.

7. Ingall TJ, O’Fallon WM, Asplund K, Goldfrank LR, Hertzberg VS,
Louis TA, Christianson TJ. Findings from the reanalysis of the
NINDS tissue plasminogen activator for acute ischemic stroke
treatment trial. Stroke. 2004;35(10):2418-24.

8. O’Fallon WM, Asplund K, Goldfrank LR, Hertzberg VS,
Ingall T, Louis TA. Report of the t-PA Review Committee. Na-
tional Institute of Neurological Disorders and Stroke Available
at: http:/ /wwwnindsniggov/t-PA review_committee. Accessed
November 7, 2005.

9. O’Connor RE, McGraw P, Edelsohn L. Thrombolytic therapy for
acute ischemic stroke: why the majority of patients remain ineli-
gible for treatment. Ann Emerg Med. 1999;33(1):9-14.

10. Crocco T, Gullett T, Davis SM, Flores N, Sauerbeck L, Jauch E,
Threlkeld B, Pio B, Ottaway M, Pancioli A, Chenier T. Feasibility
of neuroprotective agent administration by prehospital personnel
in an urban setting. Stroke. 2003;34(8):1918-22.

11. Saver JL, Kidwell C, Eckstein M, Starkman S. Prehospital neuro-
protective therapy for acute stroke: results of the Field Admin-
istration of Stroke Therapy-Magnesium (FAST-MAG) pilot trial.
Stroke. 2004;35(5):106-108.

12. Alberts MJ, Latchaw RE, Selman WR, Shephard T, Hadley MN,
Brass LM, Koroshetz W, Marler JR, Booss ], Zorowitz RD, Croft
JB, Magnis E, Mulligan D, Jagoda A, O’Connor R, Cawley CM,
Connors JJ, Rose-DeRenzy JA, Emr M, Warren M, Walker
MD. Recommendations for comprehensive stroke centers: a
consensus statement from the Brain Attack Coalition. Stroke.
2005;36(7):1597-616.

13. Schwamm LH, Pancioli A, Acker JE 3rd, Goldstein LB, Zorowitz
RD, Shephard TJ, Moyer P, Gorman M, Johnston SC, Duncan PW,
Gorelick P, Frank ], Stranne SK, Smith R, Federspiel W, Horton KB,
Magnis E, Adams RJ. Recommendations for the establishment
of stroke systems of care: recommendations from the American
Stroke Association’s Task Force on the Development of Stroke
Systems. Circulation. 2005;111(8):1078-91.

14. Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati
Prehospital Stroke Scale: reproducibility and validity. Ann Emerg
Med. 1999;33(4):373-8.

15. Kidwell CS, Starkman S, Eckstein M, Weems K, Saver JL. Identi-
fying stroke in the field. Prospective validation of the Los Angeles
prehospital stroke screen (LAPSS). Stroke. 2000;31(1):71-6.

16. Kenning JA, Toutant SM, Saunders RL. Upright patient position-
ing in the management of intracranial hypertension. Surg Neurol.
1981;15(2):148-52.

17. Rosner M]J, Coley IB. Cerebral perfusion pressure, intracranial
pressure, and head elevation. ] Neurosurg. 1986;65(5):636—41.



Downloaded By: [UPEC - Prehospital Emergency Care] At: 18:37 2 August 2007

324

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Woischneck D, Gaab MR. Intracranial pressure with head eleva-
tion. ] Neurosurg. 1992;77(4):651-2.

Silver FL, Norris JW, Lewis A]J, Hachinski VC. Early mortality
following stroke: a prospective review. Stroke. 1984;15(3):492—
6.

Frank JI. Large hemispheric infarction, deterioration, and in-
tracranial pressure. Neurology. 1995;45(7):1286-90.

Schwarz S, Georgiadis D, Aschoff A, Schwab S. Effects of body
position on intracranial pressure and cerebral perfusion in pa-
tients with large hemispheric stroke. Stroke. 2002;33(2):497-501.
Wojner-Alexander AW, Garami Z, Chernyshev OY, Alexandrov
AV. Heads down: flat positioning improves blood flow velocity
in acute ischemic stroke. Neurology. 2005;64(8):1354-7.

Rowat AM, Dennis MS, Wardlaw JM. Hypoxaemia in acute
stroke is frequent and worsens outcome. Cerebrovasc Dis.
2006;21(3):166-72.

Singhal AB, Wang X, Sumii T, Mori T, Lo EH. Effects of normobaric
hyperoxia in a rat model of focal cerebral ischemia-reperfusion.
J Cereb Blood Flow Metab. 2002;22(7):861-8.

Singhal AB, Dijkhuizen RM, Rosen BR, Lo EH. Normobaric hy-
peroxia reduces MRI diffusion abnormalities and infarct size in
experimental stroke. Neurology. 2002,;58(6):945-52.

Ronning OM, Guldvog B. Should stroke victims routinely re-
ceive supplemental oxygen? A quasi-randomized controlled
trial. Stroke. 1999;30(10):2033-7.

Singhal AB, Benner T, Roccatagliata L, Koroshetz WJ, Schaefer
PW, Lo EH, Buonanno FS, Gonzalez RG, Sorensen AG. A pilot
study of normobaric oxygen therapy in acute ischemic stroke.
Stroke. 2005;36(4):797-802.

Bennett MH, Wasiak J, Schnabel A, Kranke P, French C. Hy-
perbaric oxygen therapy for acute ischaemic stroke. Cochrane
Database Syst Rev. 2005(3):CD004954.

Omae T, Ibayashi S, Kusuda K, Nakamura H, Yagi H, Fujishima
M. Effects of high atmospheric pressure and oxygen on middle
cerebral blood flow velocity in humans measured by transcranial
Doppler. Stroke. 1998;29(1):94-7.

Watson NA, Beards SC, Altaf N, Kassner A, Jackson A. The effect
of hyperoxia on cerebral blood flow: a study in healthy volun-
teers using magnetic resonance phase-contrast angiography. Eur
J Anaesthesiol. 2000;17(3):152-9.

Langhorne P, Tong BL, Stott DJ. Association between physi-
ological homeostasis and early recovery after stroke. Stroke.
2000;31(10):2518-9.

Evans A, Perez I, Harraf F, Melbourn A, Steadman J, Donaldson
N, Kalra L. Can differences in management processes explain
different outcomes between stroke unit and stroke-team care?
Lancet. 2001;358(9293):1586-92.

Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL. Treat-
ment in a combined acute and rehabilitation stroke unit: which
aspects are most important? Stroke. 1999;30(5):917-23.

Part 9: Adult Stroke. Circulation 2005;112(24_suppl):IV111-IV120.
Pace SA, Fuller FP, Dahlgren TJ. Paramedic decisions with place-
ment of out-of-hospital intravenous lines. Am ] Emerg Med.
1999;17(6):544-7.

Henderson RA, Thomson DP, Bahrs BA, Norman MP. Unneces-
sary intravenous access in the emergency setting. Prehosp Emerg
Care. 1998;2(4):312-6.

Slovis CM, Herr EW, Londorf D, Little TD, Alexander BR,
Guthmann R]. Success rates for initiation of intravenous ther-
apy en route by prehospital care providers. Am ] Emerg Med.
1990;8(4):305-7.

Kidwell CS, Chalela JA, Saver JL, Starkman S, Hill MD, Dem-
chuk AM, Butman JA, Patronas N, Alger JR, Latour LL, Luby
ML, Baird AE, Leary MC, Tremwel M, Ovbiagele B, Fredieu A,
Suzuki S, Villablanca JP, Davis S, Dunn B, Todd JW, Ezzeddine
MA, Haymore ], Lynch JK, Davis L, Warach S. Comparison of MRI
and CT for detection of acute intracerebral hemorrhage. JAMA.
2004;292(15):1823-30.

PREHOSPITAL EMERGENCY CARE

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

JuLy / SEPTEMBER 2007 VOLUME 11 / NUMBER 3

Fiebach JB, Schellinger PD, Gass A, Kucinski T, Siebler M, Vill-
ringer A, Olkers P, Hirsch JG, Heiland S, Wilde P, Jansen O, Rother
J, Hacke W, Sartor K. Stroke magnetic resonance imaging is accu-
rate in hyperacute intracerebral hemorrhage: a multicenter study
on the validity of stroke imaging. Stroke. 2004;35(2):502—6.
Asplund K. Haemodilution for acute ischaemic stroke. Cochrane
Database Syst Rev. 2002(4):CD000103.

Schwarz S, Georgiadis D, Aschoff A, Schwab S. Effects of hyper-
tonic (10%) saline in patients with raised intracranial pressure
after stroke. Stroke. 2002;33(1):136—40.

Bhardwaj A, Harukuni I, Murphy SJ, Alkayed NJ, Crain BJ,
Koehler RC, Hurn PD, Traystman R]. Hypertonic saline wors-
ens infarct volume after transient focal ischemia in rats. Stroke.
2000;31(7):1694-701.

Bruno A, Biller ], Adams HP Jr, Clarke WR, Woolson RF, Williams
LS, Hansen MD. Acute blood glucose level and outcome from
ischemic stroke. Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) Investigators. Neurology. 1999;52(2):280—4.

Weir CJ, Murray GD, Dyker AG, Lees KR. Is hyperglycaemia
an independent predictor of poor outcome after acute stroke?
Results of a long-term follow up study. BMJ. 1997;314(7090):1303—
6.

Kelly J, Hunt BJ], Lewis RR, Swaminathan R, Moody A, Seed PT,
Rudd A. Dehydration and venous thromboembolism after acute
stroke. QJM. 2004,97(5):293-6.

Bhalla A, Sankaralingam S, Dundas R, Swaminathan R, Wolfe
CD, Rudd AG. Influence of raised plasma osmolality on clinical
outcome after acute stroke. Stroke. 2000;31(9):2043-8.
Laowattana S, Zeger SL, Lima JA, Goodman SN, Wittstein IS,
Oppenheimer SM. Left insular stroke is associated with adverse
cardiac outcome. Neurology. 2006,;66(4):477-83; discussion 463.
Oppenheimer SM, Hachinski VC. The cardiac consequences of
stroke. Neurol Clin. 1992;10(1):167-76.

Myers MG, Norris JW, Hachinski VC, Weingert ME, Sole M]J.
Cardiac sequelae of acute stroke. Stroke. 1982;13(6):838—42.
Korpelainen JT, Sotaniemi KA, Makikallio A, Huikuri HV, Myl-
lyla VV. Dynamic behavior of heart rate in ischemic stroke. Stroke.
1999;30(5):1008-13.

Touze E, Varenne O, Chatellier G, Peyrard S, Rothwell PM, Mas
JL. Risk of myocardial infarction and vascular death after tran-
sient ischemic attack and ischemic stroke: a systematic review
and meta-analysis. Stroke. 2005;36(12):2748-55.

Oppenheimer SM, Cechetto DF, Hachinski VC. Cerebrogenic car-
diac arrhythmias. Cerebral electrocardiographic influences and
their role in sudden death. Arch Neurol. 1990;47(5):513-9.

Lane RD, Wallace JD, Petrosky PP, Schwartz GE, Gradman AH.
Supraventricular tachycardia in patients with right hemisphere
strokes. Stroke. 1992,23(3):362—6.

Huff JS. Stroke mimics and chameleons. Emerg Med Clin North
Am. 2002;20(3):583-95.

Bruno A, Levine SR, Frankel MR, Brott TG, Lin Y, Tilley BC,
Lyden PD, Broderick JP, Kwiatkowski TG, Fineberg SE. Admis-
sion glucose level and clinical outcomes in the NINDS rt-PA
Stroke Trial. Neurology. 2002;59(5):669-74.

Berger L, Hakim AM. The association of hyperglycemia with cere-
bral edema in stroke. Stroke. 1986;17(5):865-71.

Demchuk AM, Morgenstern LB, Krieger DW, Linda Chi T, Hu
W, Wein TH, Hardy R], Grotta JC, Buchan AM. Serum glu-
cose level and diabetes predict tissue plasminogen activator-
related intracerebral hemorrhage in acute ischemic stroke. Stroke.
1999;30(1):34-9.

Gentile NT, Seftchick MW, Huynh T, Kruus LK, Gaughan J. De-
creased mortality by normalizing blood glucose after acute is-
chemic stroke. Acad Emerg Med. 2006;13(2):174-80.

Walters MR, Weir CJ, Lees KR. A Randomised, Controlled pi-
lot study to investigate the potential benefit of intervention with
insulin in hyperglycaemic acute ischaemic stroke patients. Cere-
brovasc Dis. 2006;22(2-3):116-22.



Downloaded By: [UPEC - Prehospital Emergency Care] At: 18:37 2 August 2007

Millin et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

EMS MANAGEMENT OF STROKE PATIENTS

Johnston K. Glucose Regulation in Acute Stroke Patient Trial.
Stroke Trials Registry. Updated on 03/02/06. Available at:
http:/ /www.strokecenter.org/trials. Accessed May 18, 2006.
Bruno A. Treatment of hyperglycemia in ischemic stroke.
Stroke Trials Registry. Updated on 02/16/06. Available at:
http:/ /www.strokecenter.org/trials. Accessed May 18, 2006.
Sandercock P, Gubitz G, Foley P, Counsell C. Antiplatelet ther-
apy for acute ischaemic stroke. Cochrane Database Syst Rev.
2003(2):CD000029.

Easton JD. What have we learned from recent antiplatelet trials?
Neurology. 1998;51(3 suppl 3):536-38.

The International Stroke Trial (IST): a randomised trial of aspirin,
subcutaneous heparin, both, or neither among 19435 patients
with acute ischaemic stroke. International Stroke Trial Collab-
orative Group. Lancet. 1997;349(9065):1569-81.

CAST: randomised placebo-controlled trial of early aspirin use in
20,000 patients with acute ischaemic stroke. CAST (Chinese Acute
Stroke Trial) Collaborative Group. Lancet. 1997;349(9066):1641—
9.

Chen ZM, Sandercock P, Pan HC, Counsell C, Collins R, Liu LS,
Xie JX, Warlow C, Peto R. Indications for early aspirin use in
acute ischemic stroke: a combined analysis of 40 000 randomized
patients from the chinese acute stroke trial and the international
stroke trial. On behalf of the CAST and IST collaborative groups.
Stroke. 2000;31(6):1240-9.

Schmulling S, Rudolf ], Strotmann-Tack T, Grond M, Schneweis S,
Sobesky J, Thiel A, Heiss WD. Acetylsalicylic acid pretreatment,
concomitant heparin therapy and the risk of early intracranial
hemorrhage following systemic thrombolysis for acute ischemic
stroke. Cerebrovasc Dis. 2003;16(3):183-90.

He ], Whelton PK, Vu B, Klag MJ. Aspirin and risk of hemorrhagic
stroke: a meta-analysis of randomized controlled trials. JAMA.
1998;280(22):1930-5.

Gorelick PB, Weisman SM. Risk of hemorrhagic stroke with as-
pirin use: an update. Stroke. 2005;36(8):1801-7.

Spengos K, Tsivgoulis G, Zakopoulos N. Blood pressure man-
agement in acute stroke: a long-standing debate. Eur Neurol.
2006;55(3):123-35.

Willmot M, Leonardi-Bee J, Bath PM. High blood pressure in
acute stroke and subsequent outcome: a systematic review. Hy-
pertension. 2004;43(1):18-24.

Bath P. High blood pressure as risk factor and prognostic pre-
dictor in acute ischaemic stroke: when and how to treat it? Cere-
brovasc Dis. 2004;17 (suppl 1):51-7.

Broderick ], Brott T, Barsan W, Haley EC, Levy D, Marler ],
Sheppard G, Blum C. Blood pressure during the first minutes
of focal cerebral ischemia. Ann Emerg Med. 1993;22(9):1438-
43.

Oliveira-Filho ], Silva SC, Trabuco CC, Pedreira BB, Sousa EU,
Bacellar A. Detrimental effect of blood pressure reduction in the
first 24 hours of acute stroke onset. Neurology. 2003;61(8):1047—
51.

Castillo J, Leira R, Garcia MM, Serena ], Blanco M, Davalos A.
Blood pressure decrease during the acute phase of ischemic stroke
is associated with brain injury and poor stroke outcome. Stroke.
2004;35(2):520-6.

Vlcek M, Schillinger M, Lang W, Lalouschek W, Bur A, Hirschl
MM. Association between course of blood pressure within the
first 24 hours and functional recovery after acute ischemic stroke.
Ann Emerg Med. 2003;42(5):619-26.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

325

Hillis AE, UlatowskiJA, Barker PB, Torbey M, Ziai W, Beauchamp
NJ, Oh S, Wityk R]. A pilot randomized trial of induced blood
pressure elevation: effects on function and focal perfusionin acute
and subacute stroke. Cerebrovasc Dis. 2003;16(3):236—46.
Chalela JA, Dunn B, Todd JW, Warach S. Induced hypertension
improves cerebral blood flow in acute ischemic stroke. Neurol-
ogy. 2005;64(11):1979.

Adams H, Adams R, Del Zoppo G, Goldstein LB. Guidelines
for the early management of patients with ischemic stroke: 2005
guidelines update a scientific statement from the Stroke Council
of the American Heart Association/American Stroke Associa-
tion. Stroke. 2005;36(4):916-23.

Broderick JP, Adams HP Jr, Barsan W, Feinberg W, Feldmann E,
Grotta ], Kase C, Krieger D, Mayberg M, Tilley B, Zabramski JM,
Zuccarello M. Guidelines for the management of spontaneous
intracerebral hemorrhage: A statement for healthcare profession-
als from a special writing group of the Stroke Council, American
Heart Association. Stroke. 1999;30(4):905-15.

Alberts M], Hademenos G, Latchaw RE, Jagoda A, Marler JR,
Mayberg MR, Starke RD, Todd HW, Viste KM, Girgus M, Shep-
hard T, Emr M, Shwayder P, Walker MD. Recommendations for
the establishment of primary stroke centers. Brain Attack Coali-
tion. JAMA. 2000;283(23):3102-9.

Joint Commission’s Certificate of Distinction for Primary Stroke
Centers.: Joint Commission on Accreditation of Healthcare
Organizations. Available at: http://www.jcaho.org/dscc/dsc/
certification+information/stroke_brochure.pdf. Accessed Octo-
ber 24, 2005.

Langhorne P, Williams BO, Gilchrist W, Howie K. Do stroke units
save lives? Lancet. 1993;342(8868):395-8.

Indredavik B, Bakke F, Solberg R, Rokseth R, Haaheim LL, Holme
1. Benefit of a stroke unit: a randomized controlled trial. Stroke.
1991;22(8):1026-31.

Wood-Dauphinee S, Shapiro S, Bass E, Fletcher C, Georges P,
Hensby V, Mendelsohn B. A randomized trial of team care fol-
lowing stroke. Stroke. 1984;15(5):864-72.

Sivenius J, Pyorala K, Heinonen OP, Salonen JT, Riekkinen P. The
significance of intensity of rehabilitation of stroke—a controlled
trial. Stroke. 1985;16(6):928-31.

Strand T, Asplund K, Eriksson S, Hagg E, Lithner F, Wester PO.
A non-intensive stroke unit reduces functional disability and the
need for long-term hospitalization. Stroke. 1985;16(1):29-34.
Wojner-Alexandrov AW, Alexandrov AV, Rodriguez D, Persse D,
Grotta JC. Houston paramedic and emergency stroke treatment
and outcomes study (HoPSTO). Stroke. 2005;36(7):1512-8.
Goldstein LB, Matchar DB, Hoff-Lindquist J, Samsa GP,
Horner RD. VA Stroke Study: neurologist care is associated
with increased testing but improved outcomes. Neurology.
2003;61(6):792-6.

Mitchell JB, Ballard D], Whisnant JP, Ammering CJ, Samsa GP,
Matchar DB. What role do neurologists play in determining the
costs and outcomes of stroke patients? Stroke. 1996,27(11):1937-
43.

Primary Stroke Center Certification. Joint Commission on Acre-
didation of Healthcare Organizations. Available at: http:/ /www.
jcaho.org/dscc/psc/index.htm. Accessed October 24, 2005.
Disease-Specific Care Certification Program. Joint Commission
on Accredidation of Healthcare Organizations. Available at:
http://www.jcaho.org/dscc/psc/guide.htm. Accessed October
24, 2005.





