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Preface

I am pleased to present these proceed-
ings from the December 1996 National
Symposium on Rapid Identification and
Treatment of Acute Stroke, sponsored by
the National Institute of Neurological
Disorders and Stroke. This document
describes how we can change our health
care system to create a Chain of Recovery
necessary for treating patients with acute
brain attack. The ideas discussed represent
the consensus of a wide array of health pro-
fessionals who for the first time can now
offer effective treatment for acute stroke.

Many decades of painstaking research bring
us to this point in time. Basic laboratory
research, animal studies, and clinical trials all
contributed to the accumulation of knowl-
edge that led to the development of the
stroke treatment now available. Currently
available treatments have the potential to
spare many ischemic stroke patients from

a life of disability. More research to refine
these treatments will guide us to even more
effective interventions for the growing pop-
ulation of stroke-prone individuals.

A key to success in implementing the steps
outlined in this volume will be cooperation

among professionals from many disciplines.
These include neurologists, neurosurgeons,
emergency physicians and nurses, intensi-
vists, emergency medical services person-
nel, radiologists and radiology technicians,
epidemiologists, public educators, and
others. To offer the best care for stroke,
hospitals across the nation must develop
Stroke Teams capable of responding imme-
diately to the needs of stroke patients.

I am most grateful to the dozens of Partners
who join us in this new era of stroke treat-
ment. In addition to advising the NINDS
during the symposium planning process, the
Partners will play a pivotal role in helping
the Institute disseminate the conference
recommendations to those on the front
lines of health care delivery.

On behalf of the NINDS staff, I am proud
to present the medical community with this
blueprint for achieving success in the treat-
ment of all patients who experience stroke.

Zach W. Hall, Ph.D.

Director

National Institute of Neurological Disorders
and Stroke
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Introduction

This monograph demarcates a new era in
the treatment of stroke. Acute early inter-
vention to reduce the disability caused by
stroke has been shown to be effective.
No longer can we stand by while stroke-
threatened brain undergoes irreversible
injury. The national effort to change the
way stroke is treated began at a National
Symposium on the Rapid Identification
and Treatment of Acute Stroke held on
December 12 and 13, 1996.The recom-
mendations and conclusions of the
participants at that Symposium are
summarized in the following pages.

This monograph is not about one particular
treatment for stroke or one particular type
of stroke. All stroke presents as the sudden
onset of a neurological deficit such as weak-
ness, paralysis, or loss of speech. While the
syndrome of strokes is the same, the causes
can vary widely and be as different as bleed-
ing in one case and the formation of a blood
clot in another. Each type is treated differ-
ently. Common to all stroke types is the
need for rapid emergency examination,
diagnostic testing, and treatment, if possible,
before the few minutes or hours pass that

it takes for brain injury to become perma-
nent. This monograph is about how the
current medical system can be changed

to meet the needs created by the recent
demonstration that the majority of stroke

patients could receive effective treatment
if they could be seen and treated soon
enough. Rapid response is required if
we are to see the benefits resulting from
decades of laboratory and clinical stroke
research devoted to the development of
effective methods to treat and prevent
stroke from all causes.

The recommendations and suggestions pre-
sented in this monograph were developed
during the Symposium by representatives
from more than 50 organizations interested
in the care of stroke patients. Many different
points of view are included. The partici-
pants agree that rapid treatment of stroke is
required if we are going to reduce disability
and improve the quality of life for stroke
victims. The actual systems needed to accom-
plish the task will be different in each com-
munity. A wide variety of recommendations
for national planning and community action
were developed by the participants. If success-
ful, this monograph will facilitate planning
and development of systems that give the
same urgency of care to stroke patients that
is given to patients with myocardial infarc-
tion and trauma.

John R. Marler, M.D.

Medical Officer

National Institute of Neurological Disorders
and Stroke
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Executive Summary

The announcement, in late 1995, that acute
ischemic stroke can be successfully treated
with thrombolytic agents created the need
for a national plan on how to make this
treatment available to eligible patients as
rapidly as possible. In response to this need,
the National Institute of Neurological
Disorders and Stroke sponsored a National
Symposium on Rapid Identification and
Treatment of Acute Stroke on December
12 and 13, 1996.The goal was to provide a
platform for coordinating nationwide efforts
aimed at implementing acute stroke therapy
for all types of stroke. While thrombolytic
therapy of ischemic stroke with t-PA was
the impetus for this Symposium, it was rec-
ognized from the outset that the successful
treatment of any type of stroke will require
rapid response to all stroke types. The theme
of the Symposium was that rapid evaluation
and treatment will improve the outcome
for all stroke patients.

This monograph presents the conclusions
of the Symposium participants, who repre-
sented a full range of professionals involved
in treating stroke patients, managing hospital

and emergency response systems throughout
the United States, and educating the public
about health risks and new treatments.

Each year, 500,000 Americans suffer acute
brain attacks, 400,000 of which are ischemic
strokes caused by blood clots occluding brain
arteries. The remainder are hemorrhagic
strokes caused by intracerebral hemorrhage
and subarachnoid hemorrhage. There are
currently more than 3 million Americans
living with some disability resulting from
stroke. Therapy given promptly to carefully
selected stroke victims could reduce the
extent of this disability. To make prompt
treatment widely available, a number of
critical changes must be made in the nation’s
health care delivery systems. Specifically:

W Prehospital emergency response systems must
train personnel to correctly identify
potential candidates for treatment and
work closely with hospital emergency
departments to transport these patients

iif
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rapidly to appropriate stroke centers.
Thrombolytic therapy for ischemic
stroke requires an especially rapid
response in the first few minutes after
a patient arrives at a hospital.

B Emergency departments must have special-
ized protocols in place for identifying
candidates for therapy and treating those
that require therapy within a narrow
therapeutic time window.

B Hospitals must develop comprehensive
acute stroke plans that define the spe-
cialized roles of nursing staffs, diagnostic
units, stroke teams, and other treatment
services such as pharmacy and rehabilita-

tion.

B To take full advantage of effective
stroke treatment, all health care systems
involved in managing eligible patients
must be carefully integrated, taking
into consideration the wide diversity
of health care that exists throughout
the United States, from rural settings
with minimal access to specialized care
to urban settings with a high volume
of emergency patients.

B Public education is critically important
in ensuring that all of the efforts cited
above are successful. The public must
learn that a brain attack is a medical
emergency, that a treatment is now
available for some stroke patients, and
that this treatment is only effective
when given within a few hours of
the onset of symptoms.

w

As a first step in planning the Symposium,
the NINDS created a Steering Committee
whose members developed the overall
Symposium goals, guided by the five
domains above. The committee then created
three task forces (Prehospital and Hospital
Care, Health Care Systems, and Public
Education), each of which had responsibility
for setting the agenda for that topic area.
The committee members for all groups

are listed in the Appendices section of

this monograph.

Another critical element in the planning
and implementation of the Symposium was
outreach to the many professional groups
(see Partners in the Appendices) who will be
instrumental in changing the existing health
care system. These Partners include the full
range of allied health professionals—emer-
gency physicians and nurses, emergency
medical services personnel, radiologists,
neurologists, and many others. Also repre-
sented among the Partners are govern-
ment agencies, such as the Food and

Drug Administration and the Health

Care Financing Administration, and private
advocacy groups, such as the Dana Alliance
for Brain Initiatives and the National Coali-
tion for Research in Neurological Disorders.
By involving all such interested parties in
the Symposium the NINDS hoped to reach
into every corner of the national health care
system to ensure that nothing was over-
looked as we developed a consensus on a
national stroke treatment plan.



Full details of the conclusions reached

at the Symposium can be found in the
Recommendations section of this mono-
graph. The following represents an
overview of these recommendations:

Prehospital Emergency Medical
Care Systems:

B EMS personnel must be trained to

treat stroke as a time-dependent, urgent

medical emergency, similar to acute
myocardial infarction.

B A Chain of Recovery—beginning with
the identification (either by the patient
or an onlooker) of a possible stroke in
progress and ending with a rehabilitation
plan—must be established in every com-

munity of the country.

B New educational initiatives must be
developed and implemented for all
medical personnel in the Chain of
Recovery, including 911 dispatchers,
EMS technicians, and air medical
transport personnel. This will require
the creation of task forces to develop

model educational initiatives, and stan-
dardized data sets to help ensure effec-

tive research and outcomes analyses.
Emergency Department:

B Acute stroke patients should be classi-
fied as quickly as possible to identify

those eligible for thrombolytic therapy.

Although this classification will often
be done by physicians in emergency
departments, it may also be accom-
plished by others, e.g., prehospital
care providers, triage nurses, or other

Executive Summary

individuals competent to apply cate-
gorization criteria. Patients deemed
ineligible for thrombolytic therapy
will undergo a different rapid catego-
rization to establish what treatment
they should receive.

Response systems, including optimal
time-frames, must be established, main-
tained, and monitored in all emergency
departments. The goal should be to

(a) perform an initial patient evalua-
tion within 10 minutes of arrival in
the emergency department, (b) notify
the stroke team within 15 minutes of
arrival, (c) initiate a CT scan within

25 minutes of arrival, (d) interpret the
CT scan within 45 minutes of arrival,
(e) ensure a door-to-drug (needle)
time of 60 minutes from arrival, and

(f) transfer the patient to an inpatient
setting within 3 hours of arrival.

Although medical management of blood
pressure remains a controversial and
complex topic, general guidelines were
outlined at the Symposium. For exam-
ple, for acute stroke patients who are
candidates for thrombolytic therapy
antihypertensive treatment should not
be given if systolic blood pressure is less
than 185 mm Hg or diastolic pressure
is less than 105 mm Hg. Acute stroke
patients with a diastolic pressure greater
than 140 mm Hg or a systolic pressure
greater than 220 mm Hg on two read-
ings are generally not candidates for
thrombolytic therapy, although antihy-
pertensive treatment should be given.
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Acute Hospital Care:

Vi

Every hospital providing care to stroke
patients should develop a Stroke Plan
that defines the optimal treatment
pathways appropriate for that parti-
cular institution.

Patients who meet thrombolytic treat-
ment criteria should have access to
stroke expertise within 15 minutes

of hospital arrival and neurosurgical
expertise within 2 hours of hospital
arrival. Other time-frame recommen-
dations are outlined above under
Emergency Department.

A Stroke Toolbox containing guide-
lines, algorithms, critical pathways,
NIH Stroke Scale training tapes, and
other stroke templates should be
created, updated, and made easily
available through the NINDS.

Health professional training programs
should be modified to include standards
of acute stroke care, and the Acute
Health Care Panel endorsed specialty-
specific continuing medical education
related to acute stroke.

Criteria for primary, intermediate, and
comprehensive stroke centers should

be established.

Communities should be encouraged
to create local and regional stroke net-
works encompassing all levels of acute
stroke care.

Health Care Systems:

B Creating an efficient stroke care delivery
system should start with identifying
committed prehospital and hospital lead-
ers who will act as “champions.” The
task of these champions will be to devel-
op and sustain teams for managing
stroke patients through the various phas-
es of care. Champions should use
flow-charting techniques to help them
understand the current components of
care, decide on necessary modifications,
and implement these modifications.

B All components of the stroke care
delivery system must be integrated
functionally, financially, and legally so
they work together seamlessly. Those
who activate the acute stroke treatment
system should work with the approach
that “one call does it all,” with everyone
on the team linked with pagers or
cellular phones.

B Key indicators for acceptable outcomes
of acute stroke care must be identified.
Indicators should be established for
the prehospital setting, the emergency
department, and the acute stroke care
unit within the hospital, as well as for
the variety of discharge settings, includ-
ing rehabilitation facilities.



Public Education:

B Behavior change is achievable, as
demonstrated by many past public
education successes. But change occurs
slowly, so those implementing public
education campaigns must be persistent
and patient.

B Big, comprehensive programs that
employ many communications
vehicles are the most effective.

B Motivation to change occurs when
the public perceives that the benefits
of change exceed the cost of change.
The messages about seeking prompt
health care after a stroke must be
simple, clear, and repeated often.

B We must understand our audience,
which is comprised of many subgroups
with different backgrounds and different
methods of learning. Messages must be
tailored to these various groups.

B Success is most likely if public educators
follow a Madison Avenue approach to
delivering messages. In this approach,
strategy always precedes execution, and
the best strategy tool to use is the cre-
ative brief, a document that defines the
target audience, identifies the desired
actions to be taken by that audience,
presents current consumer beliefs and
barriers to taking action, and establishes
long-term goals.

B Strong national leadership will be
required to move this initiative forward,
and the Public Education Panel recom-
mended that the NINDS take this

leadership role.

Executive Summary

The goal of successtully delivering throm-
bolytic therapy to all eligible ischemic
stroke patients is an achievable one, but
one that will take a great deal of thought-
ful and informed decision-making. The
NINDS, working closely with the Acute
Stroke Partners and the Brain Attack
Coalition,* are confident that changes

in the health care delivery system will
occur and that thousands of Americans
will be spared many of the catastrophic
disabilities that currently afflict more

than 3 million surviving stroke victims.

* The Brain Attack Coalition is a group of
national organizations dedicated to reducing

the occurrence of stroke and death and disability
associated with stroke. The Coalition facilitates
coordination and communication among the
many groups involved in stroke care and educa-
tion, and is currently chaired by the National
Institute of Neurological Disorders and Stroke.
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Magnitude of the Problem of Stroke and
the Significance of Acute Intervention

Patrick D. Lyden, M.D.

University of California at San Diego

Stroke is a serious and common illness. Data
on the incidence of stroke, collected by the
American Heart Association, indicate that
in the United States there is a stroke about
every minute and a person dies of stroke
about every 3'/2 minutes. At the moment,
there are 3 to 4 million Americans who
had a stroke yet are still alive. The death rate
is approximately 30% of all stroke victims.
This rate has declined significantly over the
last several decades, not due to therapy for
stroke, but due to excellent treatment of
the complications that occur after a stroke.

We can put the stroke problem into per-
spective by comparing it to other neuro-
logical illnesses (Figures 1A and 1B). For
example, Parkinson’s disease affects about
50,000 new patients every year, and there
are now at least 350,000 Americans with
Parkinson’s disease. Every year about
400,000 new cases of Alzheimer’s disease
are diagnosed; there are about 1 million
people alive with the disease. About 125,000
new cases of epilepsy occur each year and
about 2 million Americans are currently
affected. Traumatic brain injury affects
300,000 cases each year; new brain tumors
are found in 25,000 people each year.

Clearly, stroke affects more people every
year than any of these other illnesses, with
Alzheimer’s disease coming closest—about
400,000 new cases compared to 500,000
new cases of stroke. And in terms of sur-
vivors—patients who require care and
patients who require resources—the 3

to 4 million stroke patients far and away
present the biggest problem.

‘What happens to stroke survivors? Recent
studies of acute stroke using the modified
Rankin disability scale, in which the worst
outcome is death (a Rankin score of 5),
show that the percentage of patients who
die is between 16 and 23% in the first 3
months. On the Rankin scale, a score of
0 or 1 indicates a good outcome, or nor-
mal recovery, after stroke. In these studies,
only 25% of patients recover fully. Con-
sidering the 20% who die, this leaves
approximately 55% of stroke patients
(those with a Rankin score of 2, 3, or 4)
with varying degrees of disability at 3
months after stroke. These numbers are
approximately the same at 1 year after

the stroke. It is this group that creates an
ongoing burden to society, to the patient,
and to their families.
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Figure 1A. Prevalence of survivors
of various disabling neurological
conditions.
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Figure 1B. Incidence of new cases
of various disabling neurological
condifions.
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These patients are impaired in basic activi-
ties of daily living—feeding, bathing, and
grooming. What other limitations do hand-
icapped stroke survivors face? Figure 2
shows the results of a survey of such
patients (1). The most interesting finding

is that 40% of handicapped survivors feel

they can no longer visit people. Other sig-
nificant handicaps include impairments in
walking, helping around the house, doing
dishes, and cooking. Almost 70% of handi-
capped stroke survivors report that they
can’t read. Life for stroke survivors can be
bleak: they are no longer as mobile as they
once were; they can’t read books or the
newspaper; they can’t enjoy hobbies as they
once did; they can’t help with the shopping
or the gardening. Almost 100% can’t help
out with the housework. The magnitude of
the problem to the individual is enormous.

Figure 2. Self-reported limitations faced
by handicapped stroke survivors.
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From Anderson CS, et al (1). Used with permission.
Copyright 1995, American Heart Association.

We are only beginning to understand how
patients react to and feel about their stroke.
In the survey results shown in Figure 3,
patients rated their reactions to a series

of scenarios, ranging from mild deficits in
language, cognition, or motor function up
to death (2). Increasing scores on this scale
describe the patient’s aversion to that par-



Figure 3. Patient aversion to various
stroke outcomes.
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From Solomon NA, et al (2). Used with permission.
Copyright 1994, American Heart Association.

ticular outcome. What is interesting to me
is that a severe motor, cognitive, or language
deficit is about the same as dying to elderly
patients. In fact, patients would almost
rather die than be left with a severe

motor or cognitive deficit.

In addition to not being able to do what
they once did, these patients require help
from outside the home. About half of
them need day-hospital services, 40%
need home help, 40% have a visiting nurse,
and 14% need Meals on Wheels. Another
area that we have only begun to explore
is the burden on the caregiver. Most of
the 50 to 70% of stroke survivors who
are handicapped after 1 year require help.
If you survey the caregivers and patients,
most caregivers respond that they have
insufficient resources, meaning financial

Keynote Address

as well as personal resources. And, not sur-
prisingly, half of the caregivers develop an
emotional illness at 1 year after their family
member’s stroke, primarily depression, but
also anxiety and other problems. Caregivers
are most often female, either a spouse or a
daughter of the victim. And most of these
people are forced to give up something,
either a job outside the home or time
with their own family. This burden and

the cost of this burden are enormous

and are not yet quantified.

Stroke can result from several different
diseases. Of the 500,000 strokes that occur
each year, 400,000 are caused by infarc-
tions (most are first-time strokes, some

are second-time strokes), and 100,000

are hemorrhagic, either intracerebral or
subarachnoid (Figure 4). A hemorrhagic
stroke can be a hematoma, a disease that
occurs in the same age group and is asso-
ciated with the same risk factors as infarc-
tion. But unlike patients with infarctions,
about 60% of patients with a hematoma
die. And most of the survivors are left
gravely disabled. Subarachnoid hemor-
rhage is a disease of young and middle-
aged adults. There are about 30,000 of
these cases every year: 80% of them are
due to a ruptured berry aneurysm, 50% of
them are fatal, and half of the survivors are
left disabled. These patients, since they are
only 30 or 40 years old at the time of the
stroke, require the same services as older
stroke patients but for a much longer
period of time. Serious complications

of subarachnoid hemorrhage include
vasospasm, which can be treated.
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Stroke is a very expensive disease. Of the
first-year costs, 50% accrues during inpa-
tient hospitalization. But the distribution
of costs among patients is skewed: 10% of
people account for about 30% of the total
cost. And although 80% of strokes are from
infarctions, only half of the costs are due
to infarction, indicating that hemorrhages
account for a disproportionate share of the
cost of stroke.

Figure 4. Incidence and prevalence
of stroke.

¢ 400,000 ischemic strokes per year

- 75% first time

- 20% second time
¢ 100,000 hemorrhagic strokes per year
e 3.1 million current cases

Medical costs for a patient with a mild
stroke are approximately $8,000. For
patients with more severe strokes, includ-
ing patients with intracerebral hemorrhage,
the cost is approximately $15,000 for an
admission for the first year. For patients
with subarachnoid hemorrhage, the cost
is almost $30,000. These patients are more
seriously ill. They spend more time in
intensive care units and require more

care after discharge from the hospital.

Dying from a stroke doesn’t save money.
If a patient dies of a stroke, the cost is
approximately the same as the cost of
caring for a stroke inpatient. A TIA costs
about $4,000, on average, for an inpatient.
A fatal intracerebral hemorrhage is slightly

less expensive than a stroke, and a fatal sub-
arachnoid hemorrhage is about $10,000
less. As we analyze the decision-making
process, it isn’t necessarily cost-saving to
have patients die of their disease.

Finally, I would like to pose a question:
“Why don’t we get the chance to treat
patients more often?” Using data from

the NINDS t-PA Stroke Study (3), we
find that of the 16,000 potentially eligible
patients (those who came to a hospital
within 24 hours of their stroke), we were
able to diagnose and treat about 600. Most
commonly, we could not treat patients
because they arrived too late to the hospi-
tal (50%). Identifying patients and getting
them to the hospital rapidly are the pri-
mary obstacles to effective treatment of
stroke patients.
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The Importance of Time
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What is the Biologic Basis of a
Therapeutic Time Window?

Recent progress in the treatment of acute
ischemic stroke is to a great extent the
result of two major basic research themes
evolving over the past 20 years: (a) our
ability to measure cerebral blood flow
(CBF) and metabolism and the resultant
observation that the first minutes to hours
after a stroke is a period of dynamic (and
potentially reversible) change, and (b) the
development of appropriate animal models
of stroke that allowed us to explore the
components and duration of this dynamic.

Studies of CBF and metabolism. Most meth-
ods of measuring CBF are based on the
Kety-Schmidt principle that the flow of

a nonmetabolized and diffusible tracer is
proportional to its wash-out from the organ.
Using radiolabeled xenon or hydrogen
clearance, it was soon learned that flow

in brain regions supplied by an occluded
artery is variably reduced depending in
part on the distance of the region from the
stroke epicenter, and that low in much of
these regions was sufficient to maintain via-
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bility for some period of time as evidenced
by correlative measurements of oxygen

or glucose metabolism in the same regions.
The brain regions that were threatened but
viable were termed the “ischemic penum-
bra,” and the time this penumbra could
remain viable was termed the “therapeutic
time window.” It was also appreciated that
flow usually is restored spontaneously (and
may even become greater than normal
[hyperemic|) in most penumbral brain
regions after a stroke, but that this did

not result in tissue survival unless reperfu-
sion occurred within the therapeutic time
window. Finally, we learned that the more
profound the reduction of blood flow, the
briefer this window became; with flow
reduced to essentially zero, as after cardiac
arrest, tissue death became inevitable after
10 minutes, whereas flow of about 15
cc/100 gm of brain tissue/minute such

as is measured after focal stroke could

be tolerated for substantially longer.
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Stroke models. Animal models of stroke
were needed to allow us to identify which
pathophysiological events are set in motion
by the occlusion of an artery supplying
the brain, and how these events lead to
cellular destruction. While our knowledge
is still incomplete, numerous therapeutic
strategies aimed at rectifying or reversing
steps along this “ischemic cascade” have
been shown to reduce ischemic damage
in these models and are under develop-
ment and in various stages of clinical
evaluation (1,2). It is likely that combi-
nations of such strategies will be most
successful. Animal models have also
allowed us to study the therapeutic time
window for each of these strategies.

What Have Animal Models
Taught Us About the Therapeutic
Time Window?

Scientists have developed numerous animal
models, including rodents, that allow reper-
fusion after variable durations of middle
cerebral artery occlusion. Most studies

in these models have consistently shown
that reperfusion within 3 hours of arterial
occlusion will limit to some extent the
size of the resulting infarct and improve
other measures of outcome as well (3,4).
These studies also show, however, that
reperfusion after the 3-hour time point
will have little or no benefit or may make
things worse (5). In fact, understanding

the pathophysiology of such “reperfusion
injury’”’ now assumes greater importance
since some patients treated with t-PA

even within the 3-hour time window

will develop cerebral edema and/or
hemorrhage (6), and others may harbor
less obvious consequences of reperfusion

at the cellular level which negate the
benefits of re-establishing adequate blood
flow. If we can work out the important
components of the phenomenon of reper-
fusion injury, we may make thrombolytic
therapy both safer and applicable to a
larger number of patients treated beyond
the 3-hour time point.

Animal models have also shown that, at
least within the first few minutes to hours
after the onset of ischemia, the ultimate
fate of tissue after reperfusion is dependent
on two main variables: the duration and the
depth of hypoperfusion (3). Consequently,
effectively and safely selecting patients for
thrombolysis depends on knowing both of
these variables. To date, clinical studies have
used only the stopwatch without an on-line
measurement of cerebral hypoperfusion.
Until we better understand reperfusion
injury and find a way to measure CBF and
tissue viability acutely, we must recognize
that the only conclusively positive clinical
study of reperfusion (7) was exactly pre-
dicted by animal models: patients must

be treated within 3 hours.

Animal models also provide us with clues
about which neuroprotective strategies
might work and how to apply them.
These studies suggest that in the first
minutes after the onset of ischemia, the
release of glutamate and rising intracellu-
lar calcium play pivotal roles in the fate

of tissue in the ischemic penumbra, that
other “downstream” events may also be
important especially in reperfusion injury,
and that combination therapy using two
or more neuroprotective strategies is better
than monotherapy. It is particularly impor-



tant to emphasize to laboratory researchers
working with animal models that the
biology of neuronal repair and recovery

is still very poorly understood. Much
more attention must be focused on this
aspect of experimental ischemic injury

in order to design therapies that may be
useful if started in the subacute or chronic
stages of stroke.

The lessons to clinical investigators from
these animal data are that:

1. Neuroprotective therapy targeting neu-
rotransmitter release and intracellular
calcium-mediated events must be started
very early after focal ischemia (the exact
time window is unknown but none of
these strategies has been effective in
reducing infarct volume after middle
cerebral artery occlusion in animals
when started beyond 1-2 hours after
the onset of ischemia), so prehospital
treatment or prophylactic therapy of
high-risk patients (i.e., those scheduled
to receive coronary artery bypass or
carotid endarterectomy) should be con-
sidered in the design of clinical trials.

2. If the target is penumbral regions, the
clinical benefit may be modest and not
very dramatic, mandating an adequate
sample size and careful long-term
followup and outcome assessment.

3. More than lip service needs to be paid
to the idea of combination therapies. At
least within the first 3 hours of stroke,
neuroprotective therapies will now have
to be tested in combination with t-PA
for those patients meeting the criteria for
thrombolytic therapy. It is possible that
a neuroprotective monotherapy will be
effective if started beyond this time point
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and several such trials are presently under
way. However, animal studies (and clinical
experience) predict that neuroprotective
trials of extended time window mono-
therapy will be negative or equivocal.
After that, we hope that instead of giving
up on the concept of neuroprotection,
we will overcome the practical obstacles
and carry out prophylactic or prehospital
trials of rational combination therapy.

Can We Deliver Acute Stroke
Therapy Within the Time Window?

Despite the biologic considerations indicat-
ing the “need for speed” in evaluating and
treating acute stroke patients, current recog-
nition and treatment of stroke patients is
usually too slow to allow therapy within
the therapeutic time window. This is due

to many factors, including lack of public
awareness of stroke symptoms and the
importance of early recognition and treat-
ment; “neglect” of important neurological
deficits by the patient due to involvement
of sensory brain regions; unrecognized onset
of symptoms during sleep; unavailability of
family or friends to provide help in seeking
rapid medical attention; unavailability or
underuse of the 911 system for immediate
stroke transport; lack of prioritization for
rapid transport of stroke patients by pre-
hospital emergency medical services (EMS)
systems; lack of prioritization or an efficient
system for stroke triage, diagnosis (especially
brain CT to exclude hemorrhage), and
treatment within the emergency depart-
ment (ED); lack of knowledge among
emergency medical care providers about
acute stroke and its treatment; and lack
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of neurological expertise in the acute ED
setting (8). These factors pose an immense
“systems” problem, but solutions have been
achieved for other conditions such as trau-
ma and heart attack (9).

For medical personnel, it is most expedient
to focus efforts on improving the EMS,
ED, and physician response to patients with
acute stroke (10). In conducting a trial of
thrombolysis for acute stroke in our com-
munity, we studied the existing state of
EMS and emergency stroke management
at eight participating hospitals, focusing
particularly on system delays (11). We then
evaluated the impact of a dedicated “stroke
team” on our ability to complete the trans-
port, triage, diagnosis, and treatment of
patients within the therapeutic time win-
dow. The hospitals included a large fully
affiliated private medical school teaching
hospital, large and small private community
hospitals with variable teaching roles, and

a public urban teaching institution. They
ranged in bed capacity from 175 to 979.
Our stroke team consisted of neurologists
and registered nurses who specialize in
acute stroke therapy. One physician and
one nurse were on call 24 hours a day,

7 days a week. Inservicing of the Houston
Fire Department EMS personnel was car-
ried out by the stroke team with specific
instructions to rapidly transport all acute
stroke patients and to immediately notify
the stroke team. A communications system
was set up with a dedicated beeper activated
by EMS or the ED triage nurse and worn
by both the stroke team physician and nurse
on call for any acute stroke patient trans-
ported to or arriving at a participating
hospital ED. Stroke team personnel were
equipped with cellular phones and appro-
priate lists of key personnel such as CT

technicians who would be notified and
activated while the team was en route.
Patient, pharmacy, laboratory, and radio-
graphic (CT) movement and procedures
were flow-charted within each ED and
algorithms and guidelines were developed
to speed assessment and treatment.

In the total population of acute stroke
patients arriving at participating EDs within
6 hours of symptom onset, the mean time
from onset of stroke symptoms to arrival

at the ED was 115 minutes; there was no
difference between patients arriving by
ambulance or private vehicle. The mean
interval from ED arrival to placement in

an ED room was 11 minutes.

In the absence of the stroke team, patients
were seen by a physician a mean of 28 min-
utes after arrival at the ED. Patients arriving
by ambulance were examined by the ED
physician more rapidly (20 minutes) than
those arriving by car (48 minutes). Stroke
patients were in the ED for a mean of 123
minutes before they were seen by a neurol-
ogist, and 100 minutes before a brain CT
scan was performed. While vital signs were
obtained within 7 minutes, drawing blood
took 48 minutes and obtaining an electro-
cardiogram took 61 minutes. Patients stayed
in the ED from arrival to disposition for a
mean of 324 minutes. These intervals were
not substantially different among the difter-
ent hospitals regardless of type or size except
that the public hospital was slightly slower
and the smaller community hospitals had less
documentation of neurological findings and
slower access to neurological consultation.



All intervals were shortened when the
stroke team was activated. For example,

in the teaching hospital, the mean interval
from ED arrival to completion of the entire
evaluation of the patient including CT (i.e.,
“door to needle time”) was reduced from
139 to 50 minutes.

We conclude that EMS, triage, CT scan-
ning, neurological consultation, and medi-
cal attention for most acute stroke patients
is too slow to allow treatment within the
therapeutic time window. Upgrading EMS
transport from Code I (nonurgent) or II
(emergent) to Code III (life-threatening)
might help. Selection of patients for poten-
tially dangerous stroke therapies may be
problematic in smaller community hospitals
if neurological consultation is not available.
Rapid availability of CT scanning is essen-
tial since 25% of our patients had intracere-
bral hemorrhage or non-ischemic cause for
their acute stroke symptoms, yet the interval
was 2 hours between ED arrival and CT
scanning. Despite these findings, most EMS
and ED stroke management problems can
be corrected by faster patient transport and
medical evaluation, the availability of an
acute stroke team, and education of ED
physicians and nurses.
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Acute Medical Care in the United States
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Ann Arbor

In the United States, acute medical care is
delivered in a variety of settings. Although
some minor acute care is delivered in physi-
cians’ offices and free-standing urgent care
centers, the majority of major acute medi-
cal care is delivered in hospital-based emer-
gency departments (EDs). The development
of hospital-based EDs is a relatively recent
phenomenon, evolving in the 1960s. In
1993, there were more than 5,600 hospital-
based EDs in the United States serving
more than 95 million patients annually (1).

In 1967, Robert H. Kennedy, who had
formerly been the chairman of the Com-
mittee of Trauma for the College of
Surgeons, established the standards for
emergency medical services (EMS) in the
United States. Although the development
of EMS emphasized injured patients, it was
recognized that patients with acute medical
conditions also required such emergency
services (2). The late 1960s also saw the
development of the first mobile coronary
care units, which became the predecessors
for modern advanced life-support ambu-

lance services. The first emergency medi-
cine training program was established in
Cincinnati in 1969 and there are currently
110 accredited emergency medicine train-
ing programs in the United States (3).
Although there are more than 25,000 physi-
cians currently staffing EDs in the United
States, there are only 13,000 emergency
physicians with board certification from the
American Board of Emergency Medicine (1).

Although the systems for care of acutely

ill and injured patients are dynamic, acute
medical care will likely continue to revolve
around the coordination of EMS and hos-
pital EDs. There has been notable success

in advancing the care of trauma patients
and patients with acute myocardial infarction.
This presentation will focus on the structure
of EMS in the United States and describe the
development of programs for the treatment
of trauma and acute myocardial infarction.
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Emergency Medical Services

The local organization of EMS is not uni-
form and takes a variety of different forms
often determined by historical factors and
natural and political boundaries. Although
there are many specific structures, five basic
types of EMS organizations exist (4).

1. Fire Service—This is probably the most
common type of EMS structure. In this
model, the fire department will coordi-
nate and run EMS. Due to advances in
fire detection and prevention, the main
business in many fire departments has
shifted from fire service to EMS over
the last 5 to 10 years. In many areas,
fire personnel are used as first respond-
ers for basic life-support/emergency
medical technicians and will be backed
up by paramedics or advanced life-
support personnel.

2. Third Service—In a third service model,
EMS may be governed by municipalities
or regional authorities but is separate
from police and fire services. In this
type of organization, the EMS coverage
is not limited to the same municipal
areas as the fire and police services.

3. Private Providers—Private ambulance
companies provide prehospital care on
a contract basis throughout much of the
country. Although private providers will
often provide acute medical care, they
are more often used as backups to the
acute medical care system and for
patient transfers between institutions.

12

4. Volunteer Services—Volunteer EMS
providers are more common in small
and rural communities. Although these
services may be independent, they are
often part of a fire department or other
governmental agency.

5. Hospital-Based Systems—In this model,
the prehospital care providers are
employed and owned by the hospital
or health system. Hospital-based systems
frequently will include air medical ser-
vices as well.

Any system for acute medical care will
need to incorporate certain basic compo-
nents. There must be a method for patients
to access the system, some prioritization of
the information received from the access
call and dispatch of appropriate services,
and finally procedures for appropriately
trained technicians to respond to the call
and provide appropriate care and transport.

Patient access to EMS must be simple and
reliable. The method most commonly used
in the United States is the 911 enhanced
telephone system (5). In parts of the coun-
try without 911, other access numbers are
used. Regardless of the type of system,
public education is vital to ensure that all
citizens understand how to access EMS.
Public education is also needed so that
patients understand conditions for which
EMS is essential.

Once EMS is contacted, communication
will be with a dispatcher. The dispatcher
has several key roles. First, the dispatcher
will attempt to assess the nature of the

complaint. Based upon the assessment of
the complaint, the dispatcher may deliver



prearrival instructions for medical care
prior to arrival of the EMS providers. In
advanced systems, the dispatcher will deter-
mine the need for a basic or an advanced
life-support response and the priority of
the response. A key aspect in measuring

the effectiveness of dispatch is maintenance
of adequate and accurate time logs that
indicate the time the call was received

and the time at which EMS arrived at the
scene. Most EMS services will have a tiered
response system. In a tiered system, medical
first responders or basic EMTs will be dis-
patched immediately to the scene and will
assess the patient. Transport to the hospital
may be through these first responders. If
the nature of the illness or injury is one
which requires advanced life support, the
first responders will request a second tier
or a paramedic response. In some systems,
the dispatcher may determine that the
nature of the complaint requires an advanced
response rather than an initial response by
first responders. In these cases, the advanced
life-support or paramedic units will be the
first responders to the scene.

On-site response requirements for selec-
tion and training of personnel at different
levels of care will vary from state to state
and municipality to municipality. The
number of hours of training for paramedic
certification can vary substantially from
state to state. Standard certifications in
order of increasing skill level are first
responder, basic EMT, intermediate EMT,
and paramedic. Medical direction and
control is an integral part of all prehos-
pital systems. On-line medical control
indicates communication that occurs
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between medical control personnel and
the prehospital provider usually via cellu-
lar phones or two-way radios. Off-line
medical control includes all other areas.
One form of off-line medical control is
patient care protocols. These protocols
are by and large developed on a local
level and may vary considerably. These
patient care protocols will allow the
prehospital providers to initiate certain
treatments in the field without on-line
medical control or physician orders. The
patient care protocols may vary tremen-
dously in the degree of autonomy they
give to the prehospital providers. For
example, paramedics in certain areas
can perform rapid sequence intubation
in the field using neuromuscular block-
ing agents.

The destination of the patient after EMS
systems are activated may also vary from
community to community. For most com-
plaints, patients will be taken to the hospital
they request unless standing protocols con-
travene such requests. In situations where
patients are deemed to be unstable, trans-
port to the nearest facility will usually be
done regardless of the patient’s request.

In areas that have a regionalized trauma
protocol, traumatized patients meeting
certain criteria will usually be taken to

a designated trauma center even if this
means bypassing a closer hospital or the
patient’s choice of hospital.

13
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Trauma Services

The establishment of trauma systems in

the United States and elsewhere has been

a major development in the last 20-30 years
and has clearly led to improved survival and
outcome (6). The impetus for the develop-
ment of trauma systems occurred primarily
through the military experience. It was
clearly demonstrated in statistics from World
War I, World War II, the Korean Conflict,
and the Vietnam War that improving the
access of battle casualties to definitive care
led to a lowering of mortality.

In World War II, the time from injury to
definitive surgical care ranged from 6 to
12 hours and mortality was 5.8%. In the
Vietnam War, the average time from injury
to emergency care was 65-80 minutes and
the mortality was 1.7%. In the United
States, development of a trauma system in
Orange County, California, led to a reduc-
tion in preventable deaths from 73 to 9%
when patients were treated in one of five
designated trauma centers (7). For patients
who were sent inappropriately to a non-
trauma center hospital, the preventable
mortality rate remained at 67%. It has
been estimated that development of
regionalized trauma systems will reduce

mortality by 33%.

Development of a trauma care system
requires a major commitment from medical
and health professionals and the public. One
of the key aspects in creating public sup-
port is to establish the need for improved
trauma care. This requires the collection of
extensive data on the nature and frequency
of injuries, percentage of the population
involved in trauma, trauma severity, deaths,
and disabilities. Once the need has been
demonstrated, legal authority is necessary
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for the development of such a system.
Typically a public agency may be estab-
lished with the responsibility to develop
criteria for the system, establish prehospital
protocols, designate appropriate facilities,
establish a trauma registry, and monitor
quality improvement programs. The key
factor in establishing a trauma system is
the formation of a team approach to the
care of the trauma patient that involves all
individuals at every stage of management.
This would include prehospital providers,
emergency physicians and nurses, trauma
surgeons, anesthesia and operating room
personnel, and rehabilitation staff. The
American College of Surgeons (ACS)

has developed a verification process for
trauma centers which establishes the
capabilities of an institution to care

for different levels of trauma (8).

A key feature of the ACS verification
process is the need for system evaluation.

A trauma system must be able to keep
accurate data on its own performance and
establish thresholds for key features of
patient management. Changes in the system
should be driven by the quality improve-
ment program and adequate data should

be gathered to assess the impact on patient
outcomes of changes to the system.

Another important component of the ACS
process is the carefully prescribed hierarchy
of the trauma team composition and the
designation of the trauma surgeon as the
team leader and focus. Facility requirements,
credentialing requirements, and the quality
improvement process are also carefully
spelled out. The verification process includes
a paper review as well as an on-site visit
with chart reviews and interviews.



Myocardial Infarction

Like trauma systems, processes for the
improvement of care to patients suffering
acute myocardial infarction (AMI) have

led to improvements in care and decreases
in mortality (9). The advent of thrombolytic
treatment and angioplasty requires teamwork
and an efficient system for patient evalua-
tion and entry into treatment protocols.

AMI is the leading cause of death in the
United States (10). Although death rates
have declined by 54% since 1963, almost
500,000 people will die each year in the
United States from AMI. Acute mortality
and long-term morbidity are determined
largely by the extent to which the myocar-
dium is damaged by the AMI (11).There
are two main reasons for advocating early
arrival and treatment for AMI: (a) most
AMI deaths will occur within the first
hour after symptom onset and are due to
cardiac dysrhythmias, and (b) early treat-
ment with thrombolytic therapy will
decrease mortality (12-14).

The greatest reduction in mortality is
achieved in patients who are treated
within 1 hour of symptom onset (15,16).
In one trial, patients receiving treatment
within 1 hour had a mortality of 1.3%
compared with 8.7% in patients treated
later (9). In 1991, the National Heart,
Lung, and Blood Institute launched the
National Heart Attack Alert Program
(NHAAP) to promote rapid identifica-
tion and treatment of patients with AMI
(17). The thrust of these efforts was to
reduce morbidity and mortality from
AMI. The program sought to reduce

the time from symptom onset to treat-
ment into identifiable time phases and
to analyze each phase in detail. These
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phases include patient/bystander factors
(those that delay recognition and access
to care), prehospital factors (those that
occur from the time medical care is
accessed to arrival at the hospital), and
hospital factors (those that delay treat-
ment after arrival at the hospital).

In distinction to the development of
trauma systems where the system is pre-
scribed in detail and the results of the
system are measured and analyzed, the
NHAAP identified a set of goals for
treatment without specifying in detail

how those goals should be reached in an
individual institution. The NHAAP identi-
fied a time of 60 minutes from symptom
onset to treatment as the goal for programs
designed to reduce mortality from AMI.
The time from ED arrival to treatment
should ideally be 30 minutes or less. Sug-
gestions were made for ways to realize
these goals but the achievement of the
goals is the main endpoint rather than

the formation of the system.

Conclusion

Acute medical care in the United States

is at its best when managing patients with
major trauma or AMI. In developing sys-
tems for acute stroke treatment, important
lessons can be learned from an in-depth
analysis of the procedures and systems

for treatment of AMI and trauma victims.
It is unlikely that either system will be
utilized in exactly the same way for stroke
treatment, but we hope the end results

of decreased morbidity and mortality

will be achieved.
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Prehospital Emergency Medical Care Systems

Overview: Prehospital Emergency Medical Care Systems

The Initial Links in the Chain of Recovery
for Brain Attack—Access, Prehospital Care,

Notification, and Transport
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Session Chair

Allegheny University of the Health Sciences, Allegheny General Hospital
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Synopsis

Beyond the clear need for public education
initiatives, the currently available educational
offerings and clinical approaches practiced in
most emergency medical systems indicate that
widespread re-education and re-orientation
of prehospital care services are now clearly

in order if we want to ensure the optimal
management of patients with acute stroke.

Infroduction

With the recent recognition of the potential
for reversing or ameliorating acute stroke
through early intervention(s) (1-5), patients
with brain attack have now joined the ranks
of those with acute myocardial infarction
and major trauma in terms of the need for:
(a) rapid on-scene identification of the life-
threatening problem, (b) rapid evacuation
and prehospital interventions, (c) rapid
pre-notification of appropriate receiving
facilities, (d) rapid diagnosis and provision
of definitive intervention at those facilities,
(e) specialized treatment and evaluation, and
(f) appropriate rehabilitation as necessary
(6,7). As in the case of the trauma patient,

professional responders must promptly
begin certain limited interventions and
rapidly evacuate the stroke patient to a
prealerted specialty center capable of pro-
viding definitive interventions. Also, as in
the case of a trauma center, experts must
be available around the clock, ready to
rapidly diagnose the stroke etiology and
provide immediate intervention. Further-
more, those stroke specialists must be
prepared to deal with the potential com-
plications of their interventions and to
evaluate the patient for predisposing or
complicating conditions.

However, unlike the clinical scenario of
bodily injury, the clinical presentation of
stroke is often much more subtle. More
importantly, the patient with acute stroke
symptoms does not evoke the same level
of anxiety or action as the patient with
an abdominal gunshot wound. This relative
lack of anxiety and responsiveness applies
not only to the lay person witnessing the
onset of symptoms, but also to the emer-
gency medical personnel responsible for
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such patients. Such relatively blunted
reactions to stroke patients cannot be
thought of as insensitivities or lack of
concern on the part of those medical
care providers. Their reactions simply
reflect the general “state-of-the-art” in
current medical education, particularly
for emergency medical services (EMS)
personnel (8-11).

Up until the present time, acute stroke
has largely been considered an unfortu-
nate medical problem requiring only
supportive care and monitoring. In turn,
with the exception of those experiencing
loss of consciousness and/or respiratory
compromise, a sense of urgency regarding
stroke patients generally has not been
conveyed in either the training of 911
dispatchers or the training of responding
EMS personnel. Compounding the prob-
lem has been the evolution of managed
care (primary care screening) as well as
sophisticated priority dispatch systems
(911 centers) (12,13). Specifically, in
some circumstances, dispatchers may
purposefully triage and dispatch lesser
trained personnel, using a non-emergent
response mode (no emergency lights and
sirens), when a life-threatening situation
is not identified during the telephone
in-take (13). In addition, few dispatch
centers actually utilize triage algorithms
that help to identify and, in turn, priori-
tize patients with “brain attack.” Likewise,
the responding EMS personnel have not
been routinely trained to identify stroke
victims and take them directly (and rapidly)
to specific centers capable of providing
immediate diagnosis and intervention

(as is done in the case of trauma center
triage and transportation) (14). In the fol-
lowing pages, the rationale for improved

18

educational initiatives will be detailed,
as will issues for further investigation
and resolution.

Background

Why There is a Time-Dependent
Chain of Recovery for Stroke

Prior to 1995, most of the medical commu-
nity considered the management of stroke
to be largely supportive care. The recently
published study of t-PA for acute stroke
management, sponsored by the National
Institute of Neurological Disorders and
Stroke (NINDS), as well as other studies,
helped to re-orient the mentality of most
practitioners toward the urgency of manag-
ing stroke (1-5,15). Even those clinicians
who are not entirely convinced about the
relative benefit versus risk of t-PA adminis-
tration within the first few hours after the
onset of stroke symptoms have, at least,
become more sensitized to the early care
of the patient with brain attack (16).The
ability to demonstrate enhanced rates of
reversal of stroke manifestations clearly
created a new paradigm that stroke could
be amenable to interventions.

Like acute myocardial infarction (AMI), it
was clear that the earlier the intervention,
the better the results (4,5,7,17). But unlike
the scenario of AMI, alternative procedures
to t-PA administration such as direct angio-
plasty are not yet a key part of the thera-
peutic regimens available to stroke patients.
Thrombolytic therapy, even if provided by
more direct and selective catheterization,
remains the main therapeutic approach to
restoring obstructed blood flow to ischemic



brain tissue. However, unlike the case of
AMLI, it appears that the longer it takes to
provide the therapy, the greater the risk

for the serious associated complication of
intracerebral bleeding. An informal obser-
vation during the NINDS study was that,
despite historical information regarding the
onset of stroke symptoms, CT scans were
generally more predictive in terms of
identifying the duration of stroke (4).

An accompanying observation was that the
later it was in the time course of the stroke,
the higher the risk of bleeding complica-
tions following thrombolytic therapy.

These observations only serve to under-
score the clear need to achieve the earliest
possible diagnosis and treatment for stroke.
Perhaps the traditional educational concept
describing the “golden hour” for achieving
definitive trauma care should be more aptly
applied to stroke management (6). Likewise,
the cardiologists’ mantra that “time’s mus-
cle” (regarding the salvage of myocardium
in AMI) might then be expanded to “time’s
neurons” for the stroke patient as well.

Another informal observation during the
NINDS study was that the control group
also appeared to have relatively improved
outcomes when compared to historical
outcomes, implying a typical “study eftect.”
But it also implies that there may be other
benefits for stroke patients (short of throm-
bolytics) when they receive special atten-
tion and rapid supportive treatment. In
addition, with the evolution of new
neuroprotective agents, the case for rapid
identification and intervention may
become even stronger (15).

Prehospital Emergency Medical Care Systems

But rapid evacuation to definitive care
depends on having a series of sequential,
interdependent factors in place in order

to optimize the outcome for acute stroke
patients. Just as the American Heart Associ-
ation (AHA) has fostered the concept of a
Chain of Survival for patients with cardiac
arrest, a similar educational metaphor is
also befitting for stroke patients (18). In the
AHA model, the sequential, interdependent
links include access (e.g., 911 call); bystander
CPR; early defibrillation; and early advanced
cardiac life support (18). If one of the links

is missing in this time-dependent situation,
survival chances become bleak. A similar
chain of survival has been described for
trauma patients (6). In the case of stroke,

a Chain of Recovery may be a more appro-
priate metaphor in that many untreated
patients may survive, but do so with devas-
tating neurological deficits that might have
been reversed or ameliorated with earlier
intervention. As in the case of cardiac
arrest or trauma, it still takes a series of
interdependent, sequential events during
the emergency phase of care to make the
chances of full recovery from stroke possi-
ble. As described previously, the key events,
representing the emergency phase links

in the chain, are (a) identification of the
stroke signs and symptoms by the patient
or bystanders, (b) immediate EMS system
activation and appropriate dispatch with
prearrival instructions, (c) rapid EMS
response, assessment, evacuation, and appro-
priate prehospital care, (d) forewarning

of the receiving stroke center for resource
preparation and mobilization, and (e) rapid
definitive diagnosis and treatment by expe-
rienced specialists at the stroke center.
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If any of these individual links are missing
or inadequate, the chances of recovery for
the stroke patient may be compromised
significantly. For example, if the patient

or bystanders fail to recognize the onset of
symptoms, care will be significantly delayed
even if the dispatchers, EMS responders,
and receiving facilities are all performing
maximally. Likewise, even with early recog-
nition and rapid EMS system activation, if
the patient is taken to a facility incapable
of immediately diagnosing and treating

the stroke, again the chances of recovery
are compromised. In other words, all of
the individual links have to be in place

and working optimally at all times for

each patient.

Why Stroke is a Time-Dependent
Challenge for EMS Systems

The need to optimize the efficiency

and strength of each link in the Chain

of Recovery is underscored by the typical
time that it takes to get someone to defin-
itive care, even when everything is opti-
mized. Assuming that stroke symptoms
are recognized immediately, it still takes a
finite time interval (perhaps 5 minutes or
s0) to recognize the emergency, make the
call for help, and confirm the address and
“call-back” telephone number for dispatch-
ers. After the minute or two that it takes a
dispatcher to prioritize the call and make
the actual dispatch, the response interval
for first-responders is usually a few min-
utes. In turn, transport ambulance crews
will typically arrive at the scene after
another several minutes. After leaving
their vehicle, it may take 1 or 2 minutes
more for the ambulance crew to reach
the patient’s side and begin assessment.
Therefore, even in the best of EMS sys-
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tems, professional identification of the
stroke may still take 15 minutes or more
after the initial recognition of the problem
by the patient or bystanders. Aside from
the neurological examination and histor-
ical assessment, other actions such as gen-
eral history-taking and vital sign measure-
ments will take several more minutes to
accomplish, even when first responders
have already obtained most of this infor-
mation. Following specific actions for
stroke patients, such as oxygen application,
a more directed historical assessment, and
measurement of serum glucose levels (par-
ticularly in those with altered mental status),
it takes a finite amount of time to transfer
and secure a patient onto a stretcher. This
scenario also assumes that co-responders
are available to simultaneously retrieve the
stretcher from the ambulance during the
on-scene assessment period. Even with
lifting assistance from accompanying
responders and assuming that the patient
was found on a first-floor location, it would
typically take another 5 to 10 minutes to
secure a patient into an ambulance. Even
if the glucose measurement and more
directed assessment were deferred until
the ambulance crew departed the scene,
the total on-scene time would minimally
approach another 10 minutes. More likely,
the on-scene interval would be 15 to 20
minutes, even in the most efficient of
EMS systems.

The sheer logistics of reaching and retriev-
ing patients, even in a “scoop and run”
mode, leads to significant time lapses, a
concept often underappreciated by those
unfamiliar with the delivery of emergency
patient care in the out-of-hospital setting.



In addition to the half-hour interval that

it may minimally take, in the best of circum-
stances, to respond to and secure a patient
in the back of an ambulance, it typically
takes another 5 to 15 minutes to transport
a patient to the hospital. Even with the
assumption that managed care providers
will, in the future, acknowledge the accept-
ability of transporting the stroke patient

to the closest appropriate facility (as they
do with trauma centers today), it can be
assumed that patient arrival and transfer
onto the emergency department stretcher
will not take place for at least 30 to 45
minutes after the call for help is first placed
into the 911 system. Adding more finite
time delays for appropriate establishment
of intravenous access, glucose measure-
ments, and cardiac monitoring, prehospital

time intervals may be even more protracted.

In turn, even with state-of-the-art EMS
programs that are already oriented toward
rapid identification and transport of stroke
patients, the typical time lapse prior to
transfer of care to the in-hospital staff

can be as much as 1 hour.

Following hospital arrival, it then takes
more time to make screening assessments,
perform initial procedures (blood work,
electrocardiograph, intravenous access),
and get the patient to the CT scanner.
Therapy will still await the interpretation
of the scan (19,20).

In short, assuming that the stroke is iden-
tified at its onset and that help is sought
immediately, significant and obligatory
logistical delays can use up substantial
amounts of the time window accepted

for thrombolytic therapy. When adding
the uncertainty of stroke recognition by
the patient (or bystanders), as well as the
more typical time delays in calling for help

Prehospital Emergency Medical Care Systems

once a problem is identified, one would
certainly be pushing the limits of what

are arguably the safer temporal windows
for thrombolytic therapy. As a result, to
date, only a small percentage of stroke
patients are considered eligible for therapy.
Therefore, the appropriate management of
stroke can provide a clear time-dependent
challenge for any EMS system. In turn,
each EMS system must do whatever it
can to strengthen and expedite each link
in the Chain of Recovery for patients

with acute stroke.

Current Inadequacies in the
Chain of Recovery

While an initiative to ensure a Chain of
Recovery for stroke appears to be conceptu-
ally plausible, in many communities there
are historical, educational, fiscal, and even
political obstacles that currently weaken

the various links in the chain. More often
than not, such weak links lead to complete
breaks in the chain of recovery. As described
below, these issues may be multifaceted.

Public education still remains the weakest
link, particularly in EMS systems which
have begun to develop advanced stroke
management plans (such as those systems
that participated in the recent NINDS
study). In turn, this issue of public edu-
cation is the major focus of another sec-
tion of this monograph. Likewise, the
in-hospital management links are also
receiving independent attention (19,20).
As a result, the specific focus of this sec-
tion is to explore ways to strengthen the
prehospital links of dispatch functions,
prehospital medical care, hospital notification,
and transport considerations.
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Indeed, when one reviews the currently
published training curricula for basic life-
support (BLS) responders (e.g., firefighter
or police first-responders or basic EMTs)
as well as those available for advanced life-
support (ALS) providers (e.g., paramedics,
flight nurses), one does not yet find didac-
tics that stress the urgency of stroke identi-
fication and intervention (8-11). Therefore,
it is no surprise that the identification of
stroke by EMS personnel is often lacking
and that the time intervals to definitive
evaluation and treatment are generally
prolonged beyond the accepted therapeutic
time windows (4,5).

The relatively blunted sense of urgency and
responsiveness for stroke patients may also
be reinforced by the reception and body
language that can be currently observed at
many receiving facilities. When the receiv-
ing medical staff do not display a sense of
urgency regarding stroke patients, EMS
personnel are less apt to be as reactive as
perhaps they should be in their routines.

On another note, even when identification
is made, the specifics of prehospital care and
management have not been standardized in
a consensus fashion as they have been for
cardiac or trauma patients. These issues are
particularly important for those patients
who must be transported from rural areas or
other venues that create difficulties in terms
of the patient rapidly reaching definitive
care. In the future, studies must be conduct-
ed to help determine the relative efficacy of
the various potential management strategies
to deal with such situations. For example,
what is the advisability of providing therapy
at a rural community hospital, particularly
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with the advent of ever-evolving telemedi-
cine technologies or with the potential
ability to have specialists rendezvous with
the patient at the distant facility (via air
medical transport)? Other access-to-care
considerations include the advisability of
utilizing air medical transport directly
from a scene in order to expedite defini-
tive care. Whatever studies are considered,
standardized nomenclature and consensus
definitions for minimum data sets should
be prospectively established, as has been
done for cardiac arrest and trauma patients.

To summarize, like weak links in a chain,
inadequacies in EMS systems may break
the chances for optimal recovery for
patients with acute stroke. Even with
immediate recognition of stroke onset

by family members and the availability

of sophisticated stroke centers, a lack of
responsiveness and aggressive action on the
part of dispatchers or EMS responders can
become the weak link that will compromise
the time-dependent chances for reversing
or ameliorating an acute stroke in evolu-
tion. Therefore, it is quite appropriate that
EMS system leaders strengthen each link
and thus ensure the Chain of Recovery for
brain attack patients in their communities.

In that respect, considerations should
include the advisability of establishing
enhanced 911 systems as well as the
re-education and re-training of dispatch
personnel regarding dispatch life support
(DLS) for patients with acute stroke (6,12).
Such dispatch-related recommendations
should specifically address the feasibility
and process of on-line identification and
appropriate response triage for stroke
patients as well as applicable prearrival
instructions (i.e., dispatcher-guided actions



that patients or bystanders can take prior
to the arrival of professional responders).
The discussions should also address the
screening evaluations provided in managed
care systems to ensure that stroke patients
do not miss a therapeutic window.

Other issues to be addressed should
include the training manuals and curri-
cula provided to EMS personnel, both
at the BLS and ALS levels. We should
focus not only on patient assessment
and rapid identification of stroke, but
also on standardized patient care guide-
lines and documentation parameters. In
addition, guidelines for the identification
and designation of stroke centers as well
as the triage criteria for direct transport
to such centers should be considered and
properly evaluated.

In the end, the distillate of all of these
discussions must be targeted at those EMS
system educators, supervisors, and medical
directors who must eventually stress the
urgency of accessing definitive care for
patients with brain attack, just as they
currently do for patients with abdominal
gunshot wounds or those comatose patients
with closed head injury. The discussions
should also try to analyze and develop
empirical guidelines for those extraordi-
nary circumstances in which specialty care
is not readily accessible. Simultaneously,
with all of these discussions, topics for
future research and evaluation should be
identified and formally addressed by the
scientific community.

In conclusion, to optimize the chances
of recovery for patients with acute stroke,
all of the links in the Chain of Recovery
for brain attack must be strengthened.
The key links include:

Prehospital Emergency Medical Care Systems

1. Immediate identification of stroke
symptoms and appropriate reactions by
bystanders (or the patients themselves).

2. Early access to EMS (e.g., through
enhanced 911 priority dispatch systems
that provide prearrival instructions).

3. Rapid EMS response, treatment, and
evacuation to designated centers capable
of immediately providing definitive
diagnosis and treatment of stroke.

4. Early communication to alert the
specialty receiving center (by radio or
cellular telephone), thereby ensuring
preparation and immediate mobilization
of resources for the stroke patient.

5. Rapid diagnosis and intervention at
those designated receiving centers.

6. Specialized treatment and evaluation
of complications, precipitating factors,
and accompanying conditions.

7. Appropriate rehabilitation when
applicable.

If these links in the Chain of Recovery

for brain attack are to be established on

a widespread basis, it will clearly require a
significant number of EMS system modifi-
cations for many communities across the
United States. Beyond the clear need for
public education initiatives, the currently
available educational offerings and clinical
approaches practiced in most EMS systems
indicate that widespread re-education and
re-orientation of prehospital care services
are now clearly in order if we want to
ensure the optimal management of
patients with acute stroke.
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Consensus Issues

In the following pages, the consensus
statements recommended at the National
Symposium on Rapid Identification and
Treatment of Acute Stroke are presented.
The issues addressed were stimulated by
the following questions, starting with
those related to access and dispatch issues:

1. Should “enhanced” 911 systems be
established on a universal basis so that
digital displays of the caller’s address
and telephone number will be entered
automatically onto the dispatchers’
call screens?

2. Should priority dispatch systems
be established and/or upgraded to
re-prioritize stroke patients?

3. Should specific dispatch algorithms
be established that will help to better
identify stroke patients?

4. In tiered systems with ALS and BLS
ambulances, should the closest available
transport unit (ambulance), basic or
advanced, be sent?

5. What type of specialized instructions,
provided by dispatchers to those call-
ing for help while EMS rescuers are
responding (“prearrival instructions”),
should be established for stroke patients?
While EMS responders are en route to
the scene, should the dispatchers try to
ascertain additional information to relay
to responding units (“Is the patient a
diabetic?” “Did the patient recently fall
or have a head injury?” “Is the patient
snoring or having problems breathing?
“What medicine is the patient taking?”’)?

24

6. Should policies be established that
will better ensure that stroke patients
will not miss windows of therapeutic
opportunities because of managed
care screening practices?

7. Can the dispatch center and/or medi-
cal communications center (EMS base
station) receive and promptly provide
pre-notification to staft at the receiving
facility to prepare them for arrival of
the possible stroke patient?

8. What educational initiatives should
now be recommended for dispatchers,
medical directors for dispatch offices,
and EMS managers?

9. How can dispatchers receive feedback
regarding stroke patients?

10. What research initiatives are now
recommended regarding access and
dispatch center activities?

Next, it 1s also important to address the
issue of medical care and transport once
the EMS system has been activated. Given
the considerations of different EMS config-
urations and the potential for either ALS

or BLS ambulance response (even by design
as the closest available transport vehicle), it
is important to develop recommendations
that are useful for both basic and advanced
care providers.

Before presenting specific questions to be
addressed, it is important to provide some
additional perspectives on this area of dis-
cussion. The concept of rapid response and
evacuation to specialty centers is not a new



concept for EMS personnel. Both BLS
and ALS providers have been well-trained
to rapidly transport patients with major
injuries directly to trauma centers (6).
However, stroke patients have not yet
received the same priority and attention,
either clinically or educationally. Simply
put, an alert, reclining patient with slurred
speech, slight facial droop, and a systolic
blood pressure of 190 mm Hg generally
does not evoke the same call to action

that a gunshot wound to the abdomen
does. Although we would now want that
stroke patient to be approached just as
aggressively as the abdominal gunshot
wound patient, the concept of similar
urgency for stroke patients has not yet
percolated into EMS educational programs.
Again, if one reviews the current texts and
training courses available for both BLS and
ALS personnel, it is clear that stroke is not
considered an urgent situation short of
monitoring the patient for respiratory
compromise and providing supportive

care for obtundation. At best, EMS person-
nel are asked to rule out hypoglycemia
and to treat it if applicable.

Therefore, to correct the situation, it would
be best to target future training initiatives
for EMS personnel, both initial and con-
tinuing education courses and medical
direction. Years ago, the slightly intoxicated
55-year-old man who could calmly point
out a powder burn above his umbilicus
might not have elicited as much immediate
reaction either. However, years of educa-
tional efforts, national consensus, and
constant reinforcement from quality assur-
ance personnel have helped to establish

the clear urgency of such situations. Such
efforts have also helped to ensure the rapid
evacuation of such patients to specialty
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(trauma) centers, often bypassing closer
hospitals to achieve that goal of rapid
definitive care in the hands of experienced
experts. In turn, similar educational endeav-
ors should be able to accomplish the same
goals for stroke patients.

Given these issues, the symposium parti-
cipants identified possible problems in
the prehospital care of stroke patients and
developed recommendations to deal with
the existing weaknesses in the prehospital

links of the Chain of Recovery. The follow-
ing questions were addressed:

1. What modifications are necessary
to appropriately update current EMS
texts and training curricula regarding
state-of-the-art stroke management?

2. What types of assessment skills do
out-of-hospital BLS and ALS providers,
respectively, need to learn and utilize?
Which of these skills are mandatory
and which are only “nice to know”
and utilize?

3. What should first-response personnel
(e.g., firefighters and police officers)
be taught regarding identification
of stroke patients and what actions
should they take when dealing with
a stroke patient?

4. What prehospital actions and inter-
ventions should always be attempted?
When should they be aborted or
deferred?

5. Under what circumstances should an
ALS crew be summoned when a BLS
ambulance crew is readily available to
transport a patient?
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6.

Should dextrose be administered
(parenterally or orally) for altered
mental status without glucose
measurement and, if not, should
glucometers or reagent strips be
recommended as routine equipment
for all EMS responders, both basic
and advanced?

Should hypertension ever be treated
in the prehospital setting and, if so,
with what therapeutic regimens?

What are the recommended airway
procedures and under what conditions
are they appropriate? What types of
oxygen concentrations should be
administered?

Should moribund (or comatose)
patients receive other therapeutic
interventions such as mannitol,
lidocaine, diuretics, or other agents
for reducing intracranial pressure?

10.Should stroke patients ever be provided

11.

a dose of aspirin or other antiplatelet
agents?

Are there any neuroprotective agents
that are appropriate for prehospital
administration? Are clinical trials
indicated?

12. What types of information (including

names and phone numbers of witnesses)

shouild be obtained to help more
accurately assess the onset of the
suspected stroke?

13.Should Neurological Intervention
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Centers (NICs) be designated and,
if so, what would be the proposed
triage criteria for recommending
direct transport to such centers?

14. What would be the appropriate

criteria for initiating early pre-
notification of the receiving facility?
Would there be various levels of
alert depending upon the on-scene
assessment of the patient?

15. What kind of feedback loops should

be provided for EMS care providers
(including dispatchers) regarding their
involvement in the Chain of Recovery
for stroke patients, including their
specific management of individual
patients as well as specific patient
outcomes, particularly when there

is a successful outcome as a result

of their work?

16.Should model guidelines be developed

for patient assessment, management,
and hospital notification?

17.What are the educational initiatives

that the NINDS should recommend
for EMS personnel, their supervisors,
their educators, and their medical
directors? Should brief public service
announcements or educational videos

be developed?

18. What are the appropriate areas for

research, both administrative and
medical? How should educational
initiatives be evaluated?

19.What are the appropriate data sets,

and particularly the minimal data sets,
needed to track and evaluate stroke
management? Should stroke registries
be established and, if so, what is the
appropriate nomenclature for termi-
nology and what are appropriate



prospectively defined data points
(e.g., definition of “door to needle
time,” “EMS response interval,” or
“EMS transport time”)?

20.Should NINDS take a leadership role

in terms of developing a model of stan-
dardized nomenclature and prospectively

defined data points regarding stroke
management?

In summary, the number and breadth of

these current general questions underscore

the need to help strengthen the various
links in the prehospital Chain of Recovery
for the patient with acute stroke.

Special Considerations in Terms of
Access to Care and Transportation
to Definitive Care

As a final consideration it is important to
address special situations outside the realm
of most communities where specialty care
is readily accessible to the average stroke
patient. While the majority of the popu-
lation lives within urban centers and in
relative proximity to tertiary care facili-
ties, access to care becomes a worrisome
question once one ventures outside such
venues. Small community hospitals tradi-
tionally have played a critical role in the
initial evaluation and management of
stroke patients, but should this role now
be changed?

More specifically:

1. Should community hospitals now
be bypassed by ambulances? Likewise,
if suspected stroke patients arrive at
their emergency centers, should
community hospital staft members
immediately transfer those patients
to specialized NICs?
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2. Should the staff of community hospitals
first attempt to treat stroke patients
empirically (or after consultation via
telemedicine links)? Should they then
transfer such patients? If so, would this
paradigm create new training implica-
tions for the personnel who would be
providing the transfers (i.e., paramedics,
flight nurses, etc.)?

Should medical rescue helicopters be
sent directly to the scene of a stroke
patient as is typically done for trauma
patients in remote locations? Are there
defining criteria for such requests for
air medical rescue and what are the
circumstances that would contraindi-
cate such a response?

4. Should stroke specialists be flown
(or even transported emergently by
ground) from specialty centers to
the community hospital for evaluation
and treatment of stroke patients through
prospective practice agreements and
contingency plans?

5. Are there feasible areas for research
regarding these issues and how could
these studies be executed?

In conclusion, patients with acute stroke
pose a significant challenge to EMS per-
sonnel. From the dispatch office to the
neurological intensive care unit and reha-
bilitation areas at specialized stroke centers,
there are multiple links that help to ensure
a patient’s chance of obtaining full recovery
from acute stroke. The strength of that
Chain of Recovery depends upon the
strength of each of the individual links.

It is hoped that these discussions will
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be a starting point for another major
step in achieving the goal of ensuring
a strong Chain of Recovery for stroke
patients. We hope that this goal can be
achieved in each and every community
and for each and every patient who
can benefit from rapid intervention.
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Modern emergency medical services
(EMS) priority dispatch systems have
evolved from rudimentary call-screening
programs to much more sophisticated
dispatch centers. Stafted by emergency
medical dispatchers (EMDs), these centers
often include enhanced 911 emergency
telephone systems that identify automati-
cally the telephone number and address
of the calling party. They also often include
medically appropriate protocols and pre-
arrival instructions, computer-assisted
dispatch of vehicles, and automatic
vehicle locator systems.

Many sophisticated EMS systems are no
longer content to send the same kind of
equipment, with red lights and sirens (run-
ning “hot”), to every call regardless of the
nature of the emergency. The goal of the
modern dispatch center is “to send the
right things to the right people at the
right time in the right way and to do

the right thing until help arrives” (1).

Carl C. Van Cott
North Carolina Office of Emergency Medical
Services, Raleigh

Such centers are capable of meeting that
goal with a high degree of accuracy. Curka
et al (2) demonstrated that their computer-
ized dispatch center could correctly identify
the prehospital patient requiring advanced
life-support interventions 97% of the time.
It seems reasonable, therefore, that EMS
priority dispatch systems would have much
to offer the patient experiencing an acute
stroke. Indeed, stroke scales and other
instruments do exist that can identify the
prehospital patient likely to be having an
acute stroke (3). These scales, however, are
designed to be used by EMS personnel

at the patient’s side. Such scales could be
converted to dispatch protocols. However,
the ease and usefulness of such adaptations
remain to be seen.

In fact, while there are some areas of
promise, there are also many unresolved
issues and there are many questions that
must be addressed before dispatch systems
can send the right things at the right time to
the patient having an acute stroke. Some of
these issues are reviewed in this discussion.
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Public Education

For any EMS dispatch system to have a
positive impact on the care of the stroke
patient, callers must first understand their
role and the importance of early recogni-
tion of stroke symptoms. Patients and their
families or friends may recognize hemipare-
sis, aphasia, visual problems, or even sensory
losses as symptoms of a stroke. However,
denial or a lack of understanding or aware-
ness of stroke symptoms may result in a
failure to activate 911 or failure to seek
care in a timely fashion.

It is even less likely that 911 will be called
for the patient with a posterior circulation
stroke presenting only as vertigo, nystag-
mus, or vomiting. Clearly, further public
education is needed regarding the signs,
symptoms, and new treatment options

for acute stroke.

Access

Even well-motivated and well-educated
patients may not receive the maximum
benefits of 911 dispatch life support if
access to care is difficult or delayed. As

of March 1996, approximately 15% of the
population of the United States was still
using a seven-digit telephone number to
call for medical assistance (4). Even com-
munities served by a basic 911 emergency
telephone system may not have the advan-
tages of an enhanced 911 system. The
automatic identification features of these
systems can be very useful for the aphasic
stroke patient who is unable to communi-
cate with the EMD. Once 911 has been
activated, not all EMS agencies utilize
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trained EMDs or are equipped with
medically approved dispatch protocols
and prearrival instructions (2).

In some states and regions, managed care
initiatives have led to the development of
Resource Management Centers and other
mechanisms to prevent patients from access-
ing 911 before they have been screened by
a representative of their payor. Cost-effec-
tive medical care is a goal for all patients,
including those suftering an acute stroke.
However, it is neither cost-effective nor
medically sound to deny or delay care

for the stroke victim. All emergency triage
decisions regarding potential stroke victims
are best made using written protocols,
under medical supervision, by the EMD.
Patients found to be at low risk for an
acute stroke or other medical emergency
can then be referred to their managed
care provider.

Dispatch Center

Even professional, certified EMDs require
increased awareness regarding the impor-
tance of rapidly recognizing and respond-
ing to an acute stroke victim. Standard
dispatch texts appear to emphasize that
there is no specific prehospital care that
will alter the course of a patient’s stroke.
They do not present stroke as a priority
unless the patient presents with an altered
level of consciousness or respiratory distress
(5). It is logical that the medical and dis-
patch communities should themselves take
stroke more seriously before they can ask
the same of the general public.



The evolving designation of a stroke as a
brain attack, in terms of its being analogous
to a heart attack, has helped both the med-
ical community and the public at large
take this entity more seriously. However,
the best dispatch protocol and response
modes for most EMS systems are unlikely
to be the same as those implemented for

a myocardial infarction. Instead, prehospital
management of the stroke patient ideally
should be more similar to the care of the
trauma patient.

The challenge and goal is to rapidly and
properly identify the patient at risk for an
acute stroke and then rapidly transport that
patient to an appropriate facility. Proper
selection and advanced notification of
the receiving facility is also of paramount
importance. Unlike the heart attack or
cardiac arrest victim, at the present time
prehospital interventions have little impact
on the stroke victim’s course. Similar to
the care of the trauma victim, prehospital
providers can have a profound influence
on the patient’s outcome by reducing the
time required to deliver the patient to
definitive care. Indeed, most of the pre-
hospital benefit comes from the ability
of the dispatch center to rapidly identify
the stroke victim, to quickly send a trans-
port unit, and to get the patient to a facil-
ity capable of performing an emergent
CT and delivering appropriate treatment
as rapidly as possible.

On-line medical control (overseeing physi-
cians in communication via phone or radio)
and/or the dispatch center may also have
an important role in identifying and noti-
fying appropriate receiving facilities. In
addition, they can relay information for
inbound ambulances and quickly notify
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the receiving facility about important
information such as the time of onset

of symptoms, medications taken, and esti-
mated arrival time of the stroke patient.

Few of the currently available dispatch
algorithms are capable of meeting the goal
of rapid and accurate identification of the
acute stroke victim. As mentioned, most
dispatch algorithms give acute stroke a

low priority unless the patient has an
altered mental status or is in respiratory
distress. The patient with a normal level

of consciousness but a new hemiplegia,
who may be more likely to benefit from
aggressive therapy, is given a low priority.
New dispatch algorithms that acknowledge
the evolving science of stroke recognition
and management must be developed with
appropriate medical oversight. Because the
recent evidence demonstrates that stroke

is a time-critical entity, dispatch protocols
should strive for the earliest delivery of the
patient to an appropriate facility. Medical
control physicians should also guide cur-
rent decision-making regarding dispatch
levels. Nevertheless, it must be qualified
that upgrading stroke responses to a higher
priority or using warning lights and sirens
is intuitive, but not necessarily proved as
efficacious. We still need to explore whether
such modalities explicitly improve patient
outcome or time to definitive care.

Priority dispatch systems are often used
with tiered EMS systems to select from
among a variety of response modes (2).
Many EMS systems can choose to send
advanced life-support (ALS) or basic life-
support (BLS) ambulances, hot or cold,
with or without first responders, super-
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visors, and even physicians. The exact
configuration sent to a stroke victim will
depend on the needs and resources of
each community as well as the needs of
the particular patient. However, the config-
uration(s) chosen should reflect the current
understanding of the importance of rapid
transport to a CT scanner and the relative
ineffectiveness of prehospital interventions.
In many cases, a2 BLS ambulance with a
shorter transport time may be preferable

to an ALS ambulance, even though the
latter may offer improved assessment and
monitoring capabilities en route.

Dispatch Training and
Prearrival Instructions

With current training, EMDs are able to
identify the stroke victim only 51% of the
time (6). A prehospital stroke scale, capable
of identifying patients at risk for acute
stroke, has been described (3).This scale
utilizes information gathered by respond-
ing EMS personnel once they arrive at the
patient’s side, rather than information gath-
ered by the EMD or call-taker. Such a scale
potentially could be modified or developed
for dispatcher use. There may also be a role
for another medic-derived scale, used in
conjunction with traditional dispatch
information, to. facilitate rapid transport
and treatment for stroke patients once

they have been identified.

Finally, many dispatch centers ofter pre-
arrival instructions for such emergencies

as childbirth, seizures, and cardiac arrest.
Beginning treatment even before the arrival
of the field providers is one of the hallmarks
of modern dispatch life support. As might
be expected, current prearrival instructions
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for stroke victims are centered around pro-
tecting the airway or alleviating respiratory
distress. No prearrival instructions are
usually available for the majority of stroke
patients without such severe symptoms (5).
Interventions such as elevating the head of
the bed to decrease intracranial pressure

or placing the patient in the left lateral
decubitus position to minimize aspiration
risk may be helpful. Still, it 1s unclear what
interventions, if any, bystanders should be
instructed to perform to aid the stroke vic-
tim prior to the arrival of EMS. Gathering
of medications can be useful as is early
identification of certain historical data
(such as diabetes, recent head trauma, etc.).

Conclusion

Intuitively, the well-trained and well-
equipped EMD certainly can play a
valuable role in the care of the stroke
patient. However, there still remain many
unresolved issues and unanswered questions
concerning how best to optimize this role.
Summary recommendations regarding
these issues can be found in Table 1. While
awaiting the necessary further study and
implementation of these recommendations,
the best way to improve dispatch life sup-
port for the stroke patient is to improve
public understanding of stroke symptoms
and treatment options. In addition, we must
ensure access to, availability of, and educa-
tion for EMDs and EMS providers alike.
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Public education should be provided on
early identification of and rapid action
for stroke victims. The public should
also be educated on when and how

to call for assistance.

911 should be universally available
and access to 911 should not be
restricted by payor organizations.
Automatic “enhanced” features
should be included in emergency
telephone reporting systems.

EMS dispatchers should be medically
supervised and properly trained and
equipped. Even for trained and certi-
fied EMDs more training on stroke
recognition and the importance of early
identification and treatment is needed.

Further study is required, but if there
are prearrival instructions or procedures
that the EMD can provide, they should
be made widely available.

B Under proper medical oversight,

dispatch protocols should be developed
that recognize an acute stroke as a
medical emergency. Appropriate EMS
resources for the stroke patient must
be identified and dispatched in an
expeditious fashion.

Dispatch and/or medical control

should ensure that patients suspected

of having an acute stroke are transported
to an appropriate facility. They should
also ensure that the receiving facility

is informed of key information, such

as estimated time of patient arrival

and the time of symptom onset,

so that treatment can be initiated
without delay.
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Acute stroke is one of the more critical
conditions for which patients utilize emer-

gency medical services (EMS). Traditionally,

there has not been an emphasis on stroke
education for prehospital care providers.
Now that proven therapy is available for
some stroke patients, it is clear that stroke
must be treated as an emergency (1). Since
the time window for effective treatment
is quite short, early identification of the
stroke patient by prehospital personnel
should help to mobilize emergency
department (ED) and in-hospital services.
Therefore, prehospital care providers need
enhanced education so that they are pre-
pared to quickly identify and possibly
treat acute stroke victims.

Where Are We Now?

Knowledge Base

At present, most EMT-Basics are taught
very little about stroke. One of the com-
monly used textbooks for the initial train-
ing of the EMT-Basic is Emergency Care,
7th edition, by Harvey Grant and col-
leagues, copyrighted 1995.The primary

Linda K. Honeycutt, EM'T-P
Providence Hospital and Medical Centers
Southfield, Michigan

discussion of stroke is covered in six para-
graphs over one column in an 871-page
text. The students are advised: “It is not
necessary to diagnose the patient’s medi-
cal problem or to know that a stroke has
taken place, although you may suspect it.”

This textbook is not alone in its limited
discussion about stroke. Table 1 shows the
results of a quick survey of other major
texts used for the initial training of the
EMT-Basic. It is safe to conclude that
stroke knowledge among EMT-Basics
varies widely.

Paramedics do learn more about stroke
than EMT-Basics. One of the major para-
medic textbooks is Paramedic Emergency
Care, 3rd edition, by Bryan Bledsoe,
Robert Porter, and Bruce Shade. The
discussion of stroke in that book covers
about five pages including line art detail-
ing the etiologies of stroke. The differences
between ischemic stroke and brain hemor-
rhage are explained. A list of risk factors
for stroke is included as well as a descrip-
tion of the clinical presentation.
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Table 1.

Survey of some of the major textbooks for EMT-Basics.

Authors/ Year Information  Total
Title Editors Copyrighted About Stroke Pages
AAOS Emergency Care Crosby LA, 1995 2 sentences 766
and Tiansportation of the Lewallen DG
Sick and Injured, 6th edition
The Basic EMT: McSwain NE, 1997 Not mentioned 824
Comprehensive Prehospital White RD,
Patient Care Paturas JL,

Metcalt WR
Mosby’s EMT-Basic Textbook Stoy WA 1996 Not mentioned 593
Prehospital Emergency Hafen BQ, 1996 8 columns 900
Care, 5th edition Karren K],

Mistovich JJ

There is a short section on therapy. Students
are told to establish and maintain an ade-

quate airway, administer oxygen, and assist
ventilation when required. Paramedic stu-
dents are advised to consider hypoglycemia
and to obtain blood for glucose determina-
tion. They are further advised to establish
an intravenous line with normal saline or
lactated Ringer’s solution and to monitor
the cardiac rhythm. They are instructed to

protect paralyzed extremities and provide

reassurance to the patient.

Neurological Assessnent Skills

Beyond the limited text information,

EMS personnel learn little about neuro-
logical disorders. The focus of most EMS
curricula is to identify changes in mental

status, pupillary size, or major motor
deficits. Accordingly, the ability to differ-
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entiate nontraumatic causes of neurological
disease is limited. As EMS is currently prac-
ticed, EMT-Basics and paramedics have
little reason to difterentiate these entities.
They do not learn the importance of iden-
tifying the time of onset of the event.

Most EMS providers are trained to identify
altered mental status. They often have the
basic knowledge to identify obvious deficits
such as aphasia or hemiplegia, but their
ability to identify the etiology of the deficit
is limited. The training to assess toxic-meta-
bolic, infectious, neoplastic, or other causes
of neurological deficits, with the exception
of hypoglycemia, is minimal. A limited
amount of material is presented during
initial education regarding other central
nervous system events (e.g., subarachnoid
hemorrhage, hypertensive crisis). These
events are relatively rare, and most EMS
providers would be unable to differentiate
them from various types of ischemic strokes.



Patient Evaluation

Data regarding EMS call volumes indicate
that strokes place proportionately small
demands on EMS. For example, Cincinnati,
Houston, and San Diego Fire Department
Dispatch records have indicated that stroke
accounted for about 2% of EMS dispatches
in 1995. A similar proportion of patients
was identified by EMTs or paramedics in
the suburban city of Reading, Ohio (2).

In the Reading study, the EMT or para-
medic assessment of stroke or transient
ischemic attack was correct in 72% of
cases (95% confidence interval ranged
from 61 to 81%). A wide variety of other
disorders mimicked stroke. These included
infection/sepsis, syncope, cardiac disease,
seizure, drug overdose, brain metastasis,
hyponatremia, arthritis, global amnestic
syndrome, and radial nerve palsy. The study
did not identify stroke/TIA patients who
were missed by EMS personnel. So one
can conclude that the specificity for the
prehospital diagnosis of stroke is about
75%, but there is no information from
which one can estimate sensitivity.

EMS units in Reading arrived on the
scene a mean of about 3 minutes after
the 911 call. On-scene evaluation time
was 19 minutes for those patients trans-
ported by basic life-support (BLS) ambu-
lance and 24 minutes for those transported
by paramedic, or advanced life-support
(ALS), ambulance. Patients transported by
paramedics were seen by the emergency
physician in 10 minutes compared with
20 minutes for those patients transported
by BLS.The ALS patients also had CT
scans performed 30 minutes sooner than
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those transported by BLS. The patients
transported by ALS had larger neurologi-
cal deficits. The size of the deficits may
have motivated quicker action at the
receiving hospital.

Existing data indicate that about half of
stroke patients in three metropolitan areas
used the EMS system to initiate care for
stroke (3). The same database shows that
60% of patients presenting within 90 min-
utes of symptom onset arrived by EMS.

Mental Status and Hemiparesis

Both EMT-Basics and paramedics learn

to assess mental status and are taught to
assess the Glasgow-Coma Scale. They also
learn to look for findings such as extremity
weakness. However, they mainly learn
those skills in the setting of assessing

the trauma patient.

Limited Differential Diagnosis

Based on the survey of EMT-Basic text-
books described above, it would appear
that EMT-Basics learn little about the
differential diagnosis of stroke symptoms.
Paramedics are taught to recognize stroke.
Most EMS systems encourage paramedics
to consider hypoglycemia in the differential
diagnosis. However, few paramedics are
made aware of conditions such as Todd’s
paresis that can mimic stroke or subdural
hematomas that can manifest themselves
late (in a nontrauma setting).
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Identification of Immediate
Life Threats

In general, prehospital emergency care
providers do a good job identifying and
managing immediate life threats such

as severe trauma or cardiac arrest (4,5).
Paramedic skills include definitive airway
management, treatment of cardiac dysrhyth-
mias, and treatment of seizure activity.
However, there is no specific education

in most training programs about the life
threats faced by the stroke patient.

Therapy

Airway

EMT-Basics learn to manage airways with

a variety of minimally invasive tools. They
are taught the use of oxygen masks and
nasal cannulas. They learn to use nasopha-
ryngeal and oropharyngeal airways and are
able to perform suctioning to prevent aspi-
ration. They develop some skill in the use
of the bag-valve-mask device to assist venti-
lations. In a few communities, EMT-Basics
are taught endotracheal intubation, although
that procedure is usually limited to patients
with apnea.

During paramedic training, additional
emphasis is placed on endotracheal intu-
bation. Most paramedic training programs
emphasize aggressive management of the
airway. Paramedics in some areas of North
America may utilize nasotracheal intuba-
tion. Paramedics in most areas are able to
use narcotics or benzodiazapines to facili-
tate airway management, and in a few areas
they may use pharmacologic agents such
as succinylcholine to assist intubation.
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Hypertension

EMT-Basics are not trained to manage
hypertension. Paramedics generally are
expected to understand that there are
hypertensive emergencies, but they
receive limited training in differentiat-
ing hypertensive emergencies from acute
stroke. In some areas of the country, para-
medics carry and administer oral nifedipine
for hypertension despite the mounting
evidence against the use of this inter-
vention (6). In a very few jurisdictions,
paramedics may be able to give sodium
nitroprusside or labetalol intravenously.
Generally, paramedics are not taught any
principles of blood pressure management
for the acute stroke patient.

Glucose

Some EMS systems still advocate routine
administration of glucose to patients with
altered mental status. Although there are
no human trials to verify this, evidence
from animal trials suggests that adminis-
tration of glucose to normoglycemic
stroke patients may be detrimental (7,8).

Where Should We Be?

Knowledge Base

EMT-Basics are unlikely to be much better
informed about stroke than the general pub-
lic. Therefore we need to expand training in
accurate identification and emergency man-
agement of the acute stroke patient.



What and How Should EMT-Basics
be Taught?

EMT-Basics must learn to recognize the
key symptoms of an acute stroke. Studies
need to measure the impact of such train-
ing on the accuracy of stroke diagnosis by
EMT-Basics and paramedics. EMT-Basics
should be taught about stroke using the
following objectives:

B To gain a better understanding of the
etiology of stroke, including the two
major types of stroke and the three
conditions that cause blockages.

B To describe the biochemical sequence of
events that occurs during a stroke and to
gain insight into why stroke must be
treated within the first 3 to 6 hours.

B To identify the signs and symptoms
of stroke and list the common dispatch
complaints for stroke.

B To understand the importance of a TIA.

B To obtain and interpret the key vital
signs in the stroke patient.

B To determine the time of symptom
onset, including asking bystanders
when the patient was last at baseline
neurological function.
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